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Notice of the Producenr

This Software product ("AxioVision") was designed, realized, verificated,
validated and released in a certificated process environment. The quality
management system is certified following the rule of DIN EN ISO 9001.

The fields of application of the Software are common tasks and
applications in microscopy respectively imaging (so called “Off-The-Shelf
Software”). Though the user acknowledges that in any kind of use the end
user of the Software is responsible for the validation of the Software for the
end user’s dedicated intend of use considering all requirements of law and
standards (e. g. FDA/21 CFR part 11, IvDD, etc.). If necessary the end
user has to establish, to document, to implement and to maintain a special
process to fulfill all the requirements to be conform with the validate rules
of law and standards.

CARL ZEISS DOES NOT WARRANT THAT THIS SOFTWARE IS
USABLE FOR SPECIAL PURPOSES OTHER THAN IN THE FIELDS OF
APPLICATION DEFINED ABOVE.

Safety

Refer to the safety notes and instructions in the manuals of
all necessary devices (e.g. microscope peripherals,
cameras, computers, computer additionals, etc.) before

installing and using the software (see also "Safety Notes
AxioVision, AxioVision AC, B 48-0044 e (SAP 000000-
1339-887")).
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Introduction

1. Introduction

1.1 The Concept

AxioVision is a modular image-processing and analysis system for modern
microscopy. The basic functionality for image acquisition and microscope
control, image processing and annotations, image analysis, documentation
and configuration can also be expanded by integrating additional modules
into the system for specific tasks (see section 1.2 "The Modules").

The basic version comprises the following functionalities:

Image Acquisition

A range of different camera types can be used with AxioVision, from simple
TV cameras through to high-resolution and high-sensitivity cameras. The
cameras of the Carl Zeiss AxioCam family guarantee optimum integration.
As the cameras are integrated seamlessly into the AxioVision software,
you are also able to generate complex images and image series with a
simple mouse-click.

Microscope Control

With AxioVision it is possible to control any motorized Carl Zeiss
microscope fully automatically and interactively (you can of course also use
manual standard microscopes). Software control offers the following
advantages: the microscope’s setting parameters can be saved as
required, and are therefore available for reuse during future tests,
maghnifications are determined automatically, and complex procedures are
significantly faster and can be easily reproduced at any time.
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Incubation

AxioVision controls and monitors the Zeiss incubation components.
Incubation parameters like temperature and CO,- or O, concentrations can
be stored as hardware settings and be reused for new experiments. All
incubation parameters are accessible as measurement parameters for
further evaluation of acquired multidimensional time series.

Image Processing and Annotations

The acquired image is immediately displayed on the monitor. It can then be
optimized using a wide range of techniques:

Contrast, brightness and color adjustment

Noise suppression, smoothing and contour enhancement
Sharpness enhancement/emphasizing of details
Correction of illumination influences and white balance

AxioVision can also be used to add any annotations that you may require
to the images. All elements, from scale bars and colored markings through
to text and graphics, have been integrated into the program.

Image Analysis

You are able to perform simple interactive measurements in the basic
program. The measured values (e.g. lengths, areas and angles) are made
available in a data table, and can be processed further using spreadsheet
programs, such as Microsoft Excel. The interactive measurement can be
executed via a special dialog, or freely via a menu or a toolbar.
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Documentation

Besides the image itself, the AxioVision image format ZVI also saves
additional data, such as the image number, date of acquisition, microscope
settings, exposure values, size and scale details, contrast procedures used
etc. Annotations and measured values are also saved with the image.
Rather than being permanently "burnt" into the image, annotations are
present in the form of a separate plane. This means that no image
information is concealed, and changes can be made at any time.
Consequently, an image can be reproduced years later under identical
conditions.

The Image File Browser supports the management of the content of large
databases. With this browser you can navigate quickly within your file
folders, and obtain a clear display of all the key data acquired with the
image.

For the generation of reports or presentations, AxioVision offers you
predefined report layouts. These can be modified or completely
regenerated at any time on an individual basis.

Configuration

AxioVision offers you a great deal of freedom in terms of the arrangement
of your individual work environment. To speed up your work, it is possible
to execute any commands using freely definable key combinations. You
can configure your own toolbars and group functions together on your own
menus. Relevant control elements for camera and microscope control in
the form of individual dialogs are grouping together with just a few clicks of
the mouse. For recurring routine processes, workflows make simple
operation possible. As a result, operating errors can by and large be
eliminated.
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1.2 The Modules

The following modules are currently available as extensions to the basic
system:

Image Acquisition Modules

Autofocus

This module allows the optimum focus position to be calculated with
motorized microscopes. It can be used in reflected light, transmitted light,
bright field, dark field and fluorescence, and works with all cameras and
frame grabbers controlled directly by AxioVision.

Extended Focus

Needle-sharp images are essential for carrying out precise analyses.
Depending on the object and the setting, a microscope's depth of field is
often insufficient to generate a single image which is sharp over the entire
plane. The AxioVision Extended Focus module solves the problem. A
number of images are acquired from different focus planes, and the sharp
details of each individual image are combined to produce an image that is
sharp throughout.

Mark&Find
This module is used to record and automatically relocate various positions

on slides, in culture plates and in multiwell plates using a motorized x/y
stage.
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Fast Acquisition

This module expands the functionality of the modules multichannel
fluorescence, z-stack and time lapse allowing image acquisition to be done
in high speed.

Fast MosaiX

Fast MosaiX expands AxioVision with the option of acquiring a large
number of high-resolution individual images in a very short time. The use of
a flash for exposure ensures that your samples are protected, and, thanks
to the optimum interaction between hardware and software, several
hundred images per minute can be acquired.

Multichannel Fluorescence

This module allows you to acquire multichannel fluorescence images with
up to 32 channels. It can be combined with the Z-Stack, Time Lapse,
MosaiX and Mark&Find modules.

MosaiX

MosaiX is developed to analyze large surfaces - MosaiX permits the area
of a specimen to be scanned in order to generate one single large image.
This electronically created image can thus serve as a map to navigate the
specimen and provides a basis for further analyses.

Panorama

Panorama is ideal for specimens which do not fit into the image frame.
High-resolution panorama or overview images can be formed with pixel
accuracy from individual shots. Even overlapping images can be combined
so precisely that all the important details of your specimen are recorded in
a single image.
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Time Lapse

This module allows you to acquire time lapse images. It can be combined
with the Z-Stack, Multichannel Fluorescence, MosaiX and Mark&Find
modules.

Z-Stack

This module allows you to acquire z-stack images. It can be combined with
the Multichannel Fluorescence, Time Lapse, MosaiX and Mark&Find
modules.

Digital High Speed Recorder

With this module time lapse sequences can be acquired in high speed and
without compression artifacts. The raw data are streamed to a dedicated
hard disk. Either the complete sequence or selected parts of the sequence
can be converted into the ZVI image format using a Cutter function.

Dual Camera

This module enables Fast Acquisition to use two identical cameras
simultaneously. This effectively doubles the speed of acquisition. Also, if
configured with two different emission filters, acquisition of two colors can
happen at the same time avoiding motion artifacts which may occur when
acquiring images sequentially.

FHDR Imaging (Fligh Dynamic Rangel

HDR Imaging enables you to produce images with a greater dynamic
range than the camera you are using would technically allow.

In certain acquisition situations the dynamics of an image scene, i.e. the
range of intensity differences present, can exceed the dynamic range
offered by even a good digital camera. An example here would be the
acquisition of polished steel sections in the field of materials science.
Acquiring images of structures in the reflective surface and in black
inclusions at the same time is no easy task.
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Another example could be taken from neurobiology, where you may wish
to simultaneously capture in an image not only the brightly fluorescing
GFP-labeled cell nucleus of a neuron, but also its axons and dendrites,
which emit much darker signals.

With the HDR technique, image sequences are generated during
acquisition using a constantly increasing exposure time. An initial image
that is not overexposed is taken as a starting point. The number of images
and the extent of the increase in the dynamics can be adjusted.

Image content that is concealed by noise in the first image is certain to be
shown with good contrast in an image acquired using a longer exposure
time. On the other hand, image content that is displayed clearly in the
image with the shortest exposure time will be overexposed in an image for
which a longer exposure time is used.

By means of the weighted superimposition of the component images it is
therefore possible to generate a resulting image that offers excellent
contrast both in dark image regions and in bright zones.

As pixels are saved with a maximum of 16 bits, 65,535 gray levels is the
greatest possible dynamic range that can be stored in an image.

With the help of the adjustable display characteristics in AxioVision, even
data with such a high dynamic range can be presented in a meaningful
way on a monitor.
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Image Processing Modules

ApoTome

An ApoTome system allows you, on the basis of the principle of fringe
projection, to generate optical sections through fluorescence samples. The
parts of the image that are out of focus are then removed, and an increase
in

e image sharpness

¢ the signal to noise ratio (contrast)

e and resolution in the axial direction

can be achieved.

Imaging Plus

The Imaging Plus module offers you all the main digital image processing
techniques. This module comprises functions for image enhancement, gray
morphology, image arithmetic and color space transformation.

2D Deconvolution

Using this module you can improve the quality of 2-dimensional
fluorescence images in both the lateral and axial direction in accordance
with a predefined or self-generated Point Spread Function (PSF).

3D Deconvolution

This module enables you to improve the quality of z-stack fluorescence
images using deconvolution algorithms. Using the Point Spread Function

(PSF) this 3D Deconvolution calculates out of focus light from all z planes
back to its origin.
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Four methods are available:

Nearest Neighbor for fast contrast enhancement results
Regularized Inverse Filter for access to genuine 3D filtering

Fast iterative algorithm for high speed restoration

Iterative Maximum Likelihood Algorithm — the high-end method for
maximum light efficiency and increased resolution

InsidegD

The Inside4D module allows you to display z-stack images in three
dimensions in a very simple way. Three-dimensional structures can also be
viewed as animations over time, and exported as digital video films into AVI
format or in MOV format (compatible to QuickTime). Five projection
methods are available: shadow, transparency, surface, maximum
projection, and mixed. You also have access to a wide range of image
processing options (display of cutting planes, anaglyph view, iterative 3D
measurement). The zoom factor, for instance, can be freely selected,
which also means that you can zoom into structures to view them from the
inside.

Widefield Multichannel Unmixing

Widefield Multichannel Unmixing is a module for the removal of crosstalk
between fluorescent dyes in multichannel images. Crosstalk is a
phenomenon which occurs, whenever dyes are excited by excitation light
of more than one filter combination. Up to eight fluorescence channels
using a traditional epifluorescence microscope can be separated using
unmixing matrices determined either by automatic component extraction
(ACE) or by measuring crosstalk in appropriate reference samples.
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Image Analysis Modules

Interactive Measurement

This module allows the interactive measurement of a variety of object
parameters, such as size, circumference, number etc. Circle
measurements can also be performed simply by clicking on several
contour points. The measured data are saved together with the image, and
are therefore available for additional evaluations.

AutoMeasure (Automatic Measurement)

With this module, measurement programs can be generated very quickly
and simply with the help of a wizard. All of the functions required for an
image analysis procedure are called up, one after the other. The
parameters for the functions can then be set for the measurement task in
question, and saved at the end as a measurement program. Once these
measurement programs have been defined, you can measure any number
of images by performing series analyses.

AutoMeasure Plus (Advanced Automatic
Measurement)

This module expands the functions of the AutoMeasure module to include
a wide range of additional functions for single segmentation and binary
image processing. Here the functions are not executed in a wizard, but are
available individually as menu functions. They can be freely combined,
allowing you to create your individual measurement routines.
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Calotte Grinding Measurement TIC Measurement

During the process of coating materials, quality is controlled by measuring
the thickness of layers in accordance with the DIN V ENV 1071 standard.
The Calotte Grinding Measurement application module allows you to
determine the thickness of calotte section layers. To prepare the calotte
section samples, a grinding ball with a defined diameter generates a
calotte-shaped hollow in the coating of the sample. This results in circular
or elliptical indentations, the diameters of which are determined by drawing
in measurement circles. The layer thickness is calculated automatically
from the diameters of the measurement circles and the diameter of the
grinding ball.

TIC Measurement

The TIC module (Total Interference Contrast — only in combination with the
TIC slider from Carl Zeiss) allows precise, contact-free and extremely
simple determination of the optical height and thickness of object structures
over a range from just a few nanometers through to several micrometers.
The advantage of the TIC method over conventional thin-layer thickness
measuring instruments (profilometers, atomic force scanning microscopes)
lies in the combination of short measurement and analysis times with a
high degree of accuracy. The use of circularly polarized light makes the
orientation of the structures on the sample irrelevant, eliminating the need
for stage rotation. It is even possible to analyze samples with large surface
areas.
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Particle Analvzer

The Particle Analyzer module allows you to create and carry out particle
analysis projects. The aim is to classify particles based on a selectable
measurement parameter (in most cases: largest diameter). This
classification takes place on the basis of predefined norms or classes
determined by the user. Every measurement is managed within an archive
as an independent project. The results are analyzed graphically and
statistically immediately after the measurement and can be printed out in
the form of a report. Work using this module can be divided into two task
areas:

e Generating project templates to determine the sequence of an
analysis: type of image acquisition (MosaiX, single images etc.),
template for input form and report, sequence of image processing and
measurement etc. (for administrators only).

e Carrying out the measurement (for all users).
Grains

The Grains module allows you to analyze grain sizes on the basis of the
current standards DIN, EN, ISO and ASTM. There is a choice of three
different modes: interactive, by means of a direct comparison with overlaid
comparative images; semi-automatic, using a chord length analysis; and a
fully automatic analysis, based on a reconstruction of even complex grain
boundaries.

The following standards are available:

¢ Interactive: comparison of comparative diagrams — ASTM 1382; BS
4990; DIN 50601 (SEP 1510 — 61)
¢ Intercepted segment method: EN ISO 643 (2003); ASTM E112

¢ Automatic: automatic reconstruction of grain boundaries — ASTM 1382
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Every measurement is managed within an archive as an independent
project. The results are analyzed graphically and statistically immediately
after the measurement and can be printed in the form of a report. Work
using the module can be divided into two task areas:

¢ Generating project templates to determine the workflow for an analysis:
type of image acquisition (single images from a camera or loaded from
a file etc.), template for input form and report, workflow for image
processing and measurement etc. (only for administrators).

e Carrying out the measurement (for all users).
Graphite

The Graphite module automatically analyzes the size and shape of
graphite particles in cast iron samples in accordance with EN ISO 945. The
following analyses are available:

¢ Spherolite: analysis of spheroidal graphite, volume percent and size
distribution

o Lamellar: analysis of lamellar graphite, volume percent and size
distribution

¢ SinterCast: nodularity analysis

Every measurement is managed within an archive as an independent
project. The results are analyzed graphically and statistically immediately
after the measurement and can be printed in the form of a report. Work
using the module can be divided into two task areas:

¢ Generating project templates to determine the workflow for an analysis:
type of image acquisition (single images from a camera or loaded from
a file etc.), template for input form and report, workflow for image
processing and measurement etc. (only for administrators).

¢ Carrying out the measurement (for all users).
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Multiphase

This module is used for the analysis of multiphase samples. It makes it
possible to detect any number of phases in gray-level or color images. The
following measurement parameters are available for measurement and
classification:

e area, diameter, maximum feret
e perimeter, form factor, ellipse (major and minor)
¢ volume of sphere, volume of ellipsoid, gray value, color value

Every measurement is managed within an archive as an independent
project. The results are analyzed graphically and statistically immediately
after the measurement and can be printed in the form of a report. Work
using the module can be divided into two task areas:

¢ Generating project templates to determine the workflow for an analysis:
type of image acquisition (single images from a camera or loaded from
a file etc.), template for input form and report, workflow for image
processing and measurement etc. (only for administrators)

e Carrying out the measurement (for all users).
NMT

The NMI module allows you to determine the content of non-metallic
inclusions in steel. Several samples with an area of 200 mm? can be
analyzed in a single measurement. Analysis can be performed in
accordance with up to 5 standards at the same time.

ASTM E45-05 methods A and D

DIN 50 602:1998 methods K and M
JIS G0555:2003; methods A and B
ISO 4569:1998; methods A and B

EN 10247:2007; methods K, P and M
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Every measurement is managed within an archive as an independent
project. The results are analyzed graphically and statistically immediately
after the measurement and can be printed in the form of a report. Work
using the module can be divided into two task areas:

¢ Generating project templates to determine the workflow for an analysis:
type of image acquisition (single images from a camera or loaded from
a file etc.), template for input form and report, workflow for image
processing and measurement etc. (only for administrators).

e Carrying out the measurement (for all users).
QuantiFISH

The FISH technique (FISH = Fluorescence-In-Situ Hybridization) is used in
the fields of cytogenetics and tumor research to localize specific DNA or
RNA sequences in chromosomes. The QuantiFISH module offers you the
quantitative determination of FISH signals in DAPI-stained, interphase cell
nuclei of multichannel images or multichannel z-stack images. The results
of the FISH analysis are displayed both in the image and in data lists.

Ratio

To observe processes inside cells, use is often made of fluorescent dyes.
This technique makes it possible to measure the concentration of
messengers, e.g. Ca>**, over a certain period of time. The Ratio module
offers you a suitable analysis method by means of the ratiometric
processing of two fluorescence channels in multichannel time lapse
images. The calculated ratio image can be displayed as a pseudo color
image, making it possible to draw conclusions about the concentration, for
example. In addition, the module allows you to measure the intensity of the
fluorescence of selected cells over time. The results are displayed
graphically and in data lists after the measurement has been performed.
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Tracking

It is often necessary to observe the movement of cells or other objects
during biological processes. In many cases the processes in question are
transport or growth processes that require quantitative analysis. With the
Tracking module you can track moving objects in time lapse sequences
using either an automatic or an interactive method. The calculated tracking
parameters (e.g. distance, speed, direction etc.) are displayed in data lists.

TMA

Tissue micro arrays consist of numerous small, circular tissue samples with
a defined diameter, which are fixed on a single slide. The TMA module
makes it possible to acquire a composite image of the tissue micro arrays.
And you can save the positions in a Mark&Find List.

Colocalization

The acquisition of fluorescence images in several channels makes it
possible to visualize the relationship between biological structures. The
Colocalization module provides you with a tool that enables you to
determine colocalization quantitatively. It is always the colocalization of two
channels that is analyzed. For images with more than two channels the
user must make a selection. Colocalization results from the pixel-by-pixel
comparison of intensities per channel.

Topography

With this module you can generate a height map (topographic image) from
a z-stack and carry out roughness measurements in accordance with EN
ISO 4287. To allow you to display the various aspects of the topographic
image, a rotation and a tilt mode are available in addition to four different
3D views (texture, projection, grid, surface).
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Online Measurement

This module allows you to perform measurements in an online image using
interactive measurement tools. You can therefore generate measurement
values very quickly without having to acquire the image. In addition,
predefined or generated grids can be inserted into the online image and
compared with the structures in the image (e.g. to inspect components).

3D Measurement

This module offers you a range of possibilities for the measurement of
three-dimensional objects. The image stacks are presented as a 3D
volume model, which allows the user to define the surfaces of interesting
objects interactively. A segmented data set is then generated from these
settings. Using the binary image processing function you can further
process the objects obtained, e.g. by means of interactive object
separation. The measurement of the 3D objects then takes place
automatically for the entire image stack or interactively by clicking on
individual objects in the 3D view. The function calculates morphometric
parameters (e.g. barycentric coordinates in x, y and z, volume or surface
content) and densitometric parameters (such as mean density of the object
or standard deviation of mean density of gray values) for all objects. In
addition, field-specific parameters can be calculated for the entire 3D
image, e.g. number of 3D objects in the image, total volume of all 3D
objects or sum of the surfaces of all 3D objects.

Physiology

The Physiology module enables you to acquire time lapse images at a
speed that is only limited by the technical limitations of the devices you are
using (camera, light source) and the selected camera settings. To achieve
such speeds, the Physiology module automatically uses a "streaming"
technique, which involves the raw camera data being written directly to
their own fast streaming hard disk (or a suitable empty partition).
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The results of the acquisition process are therefore a streaming document
(*.ziAR) and the data measured during acquisition (online).

At the same time, enough memory is reserved so that the measurement
data can also be managed. Physiology calculates the maximum possible
number of individual images that can be acquired from the number of
measurement regions drawn in and the memory available on the streaming
hard disk. As this value is dependent on numerous factors (binning, ROI,
number of measurement regions drawn in, demands made on available
free memory by other applications etc.), the entire hard-disk space that is
theoretically available cannot always be used.

In a second step, which is separate from the acquisition process, the
streaming document is converted into a regular ZVI image document. With
the aid of a sort of video editor (Cutter) interesting regions in the image as
well as interesting time sections can be selected and converted potentially
reducing the data volume dramatically. Converted ZVI files are required for
all further processing steps in AxioVision.

Thirdly, a range of evaluation methods allows direct measurements of gray
intensities or ratiometric measurements of various kinds (exitation- and
emission ratio imaging) as well as a range of FRET (Forster resonance
energy transfer) measurements. In addition a custom formula editor allows
the generation of user defined evaluation formulas.

SFM

This module allows you to analyze multichannel fluorescence images of
cytospin specimens. It also offers a predefined workflow for detecting and
measuring the cells that can be adapted flexibly to the sample in question.
The measurement results can be displayed in the form of an image gallery,
data table, histogram or scatterplot and provide additional information to
accompany the results of flow cytometry.
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Coal Random Reflectance

This module is used to analyze coal samples by measuring reflection in
unpolarized light.

The functionality comprises a flexible calibration process for user standards
and multiple sample analysis with integrated autofocus function. During the
analysis you can monitor the progress of the measurement in the online
reflectogram for the current field and the accumulated fields. The
measurement results are presented clearly in a report with a reflectogram
and V-type data.

From the sample data generated it is also possible to produce a theoretical
mixture by combining up to six individual profiles.

Comparative Diagrams

Using the Comparative Diagrams module it is possible to compare
micrographs with comparative diagrams interactively. Various views can be
used:

Micrograph and one comparative diagram
Micrograph and two comparative diagrams
Micrograph and four comparative diagrams
Micrograph and eight comparative diagrams

The result you obtain takes the form of a table, along with the micrographs,
if required. Comparative diagrams are possible for up to five freely
definable dimensions.
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Every measurement is managed within an archive as an independent
project. The results are analyzed graphically and statistically immediately
after the measurement and can be printed in the form of a report. Work
using the module can be divided into two task areas:

¢ Generating project templates to determine the workflow for an analysis:
type of image acquisition (single images from a camera or loaded from
a file etc.), template for input form and report, workflow for image
processing and measurement etc. (only for administrators).

e Carrying out the measurement (for all users).
ASSAYhbuilder

The ASSAYbuilder module is a so-called "high content analysis" module
and efficiently generates high-quality and biologically relevant data from
your image material.

ASSAYbuilder describes your fluorescence images in the form of
numerous key parameters and provides objective, quantitative data that
can be used as a basis for decisions relating to the planning of further
experiments or to support published results. The module is operated using
guided workflows and an intuitive graphical user interface. No
programming knowledge is required.

Five analyst modules support you with solutions that have been specially
tailored to different biological tasks: Physiology Analyst, Morphology
Analyst, Membrane Analyst, CellCycle Analyst, Motility Analyst. Examples
of supported applications include cell-based toxicity tests, transcription
factor activation, cell-cycle analyses, cell-movement analyses and
morphology determination.
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ELISPOT

The Elispot (Enzyme Linked Immuno Spot) analysis is a sensitive method
for detecting and quantifying individual T lymphocytes that generate
cytokine spots as a result of antigen contact in vitro. With the help of the
ELISPOT system it is possible to determine the number, size and
intensities of the spots automatically. Analysis is carried out immediately
upon acquisition of the well images or, alternatively, using saved well
images. The ELISPOT system has been developed as a complete system
solution for the precise and automatic analysis of Elispot assays, in
particular also for use in routine laboratories.

Archive Modules

Asset-Archive

With the Asset-Archive module you can save images, measurement data
lists and reports etc. as "assets" in a hierarchically structured database.
You have the option of creating various project types in which you can then
save your assets. A contact management function allows you to allocate
projects to different clients etc. You are also able to classify and structure
your assets within your own customized categories. The option of a full-text
search enables you to find individual data sets quickly. In addition, asset-
or project-related filters allow you to carry out targeted searches for
information in individual data fields.

Long-term archiving is also possible, and gives you the option of
transferring your projects and the corresponding assets onto CD, DVD or
magnetic tape.

AxioVision User's Guide, Release 4.7 1-21



Introduction

Configuration Modules

Commander

The Commander module allows you to record steps for image acquisition,
processing, and measurement in a single command — a script. Finally a
script can be executed on any number of images automatically.

VBA

Should any users find that even the wide-ranging functions offered by
AxioVision do not meet all of their requirements, they can increase the
available options still further and adapt the program to their needs. This
process is based on Visual Basic for Applications. VBA offers a complete,
integrated development environment with which programmers are familiar.
As VBA has been directly integrated into AxioVision, it offers the advantage
of fast interaction and the possibility of developing solutions without
additional programs.

1.3 AxioVision and Microsoft® Windows
AxioVision fully supports the usual Microsoft Windows standards:

Files are stored in accordance with Microsoft Windows rules in the folders
provided for the purpose ("My Documents”, "Documents and Settings"), so
it is easy to locate the files you need.

In multi-user environments, there is no need to make separate settings for
AxioVision in order to keep the configurations and data of individual users
separate and to protect them from unauthorized access. User

administration is also based entirely on the settings in Microsoft Windows.
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1.4 User's Guide and Online Help

The AxioVision manual and online help should not be regarded as
separate entities. When used in combination, they offer you immediate
access to comprehensive information.

The User's Guide contains a broad overview of all program modules, with
detailed step-by-step instructions covering all the basic functions and
describing the activities that arise most frequently.

At the beginning of each chapter you will find information describing the
background to the relevant section of the program or the relevant module
in more detail. This may be conceptional information or a description of
theoretical details. The introduction also contains a step-by-step
description of operation. Due to the extremely wide range of functions
offered by AxioVision, it is not possible to describe every conceivable
operational situation in detail. However, once you have worked through the
steps described in the manual, you should be able to apply these
procedures to your specific task.

The Online Help provides full details of the parameters and setting options
of a function. It is therefore the ideal complement to the manual. If you
have a question about a specific parameter, press the F1 key to obtain
further information on it. The online help does not, however, contain
descriptions of procedures of the type found in the manual.

We strongly recommend that you familiarize yourself with the program
using the examples described in the manual before you start working on
concrete projects with AxioVision. Once you are familiar with the general
operating procedures, you will find all the information you require in the
online help.
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1.5 Backup Copies

We strongly recommend that all users save the data they create, such as
images, measurement data, archives, reports, forms and documents, at
regular intervals on an external medium. Otherwise it cannot be excluded
that access to this data may be lost as a result of operational errors or
hardware defects. Carl Zeiss and Carl Zeiss Vision accept no liability for
consequential damage resulting from insufficient data protection.
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2. Overview and Operating

2.1 Overview

AxioVision’s main window is divided into two main areas: the Workarea
and Workflow on the left-hand side, and the document area on the right-
hand side. The elements of the Workarea and the Workflow are used to
select and operate image processing functions and functions for controlling
the camera and microscope.

In the document area, all document types (images, archives, reports,
forms) are displayed and edited. The main window also contains the
Microsoft Windows specific control elements, such as the main menu,
toolbar and status bar.

AxioVision’s main window
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2.2 Workarea
The elements within the workarea (see figure below) can be used to

e select processing functions on the work tab.
o set parameters for processing functions on the property pages.

By dragging the title bar you can oy | Wokees x
separate the Workarea and the 2 Moo A
L& Scalings
Workflow, or move one on top of the ) Multidimensional Acquisition
other. &' Deconvolution
+ ‘widefield Multichannel Unmixing
+ Panorarna
Activated Microscope property page -G Mosaix

*4 Extended Focus Acquisition
+ 1‘ Image Processing
#-4 Measurements A

Comm0n| Tranzmitted | Feflected | Stage

LightPath

/ 100 % Okular
Setting of functional parameters:

Obijective
Microscope Manager
Enable light manager

Enable parfocal carrection

Cpkovar
mEEEE

Microscope Hlumination Type

Tabs for switching between Workflow. — 3
and Workarea. \

EI workflow [ Waorkarea
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NOTES:

All of the workarea’s functions can also be found in AxioVision’s main
menu.

The workarea and workflows are displayed one on top of the other by
default. To switch between them, use the tabs at the bottom of the
workarea.

If you have hidden the workflows, when displayed again they are
shown next to the workarea. You can, however, move them back on
top of the workarea by dragging the title bar. This gives you more room
to display documents.

You can show and hide the workarea using two different methods:
either via the menu commands View = Windows = Workarea or via

m)

Wiorkares

the button on the Standard toolbar

If the Standard toolbar is hidden, select the menu commands View =
Windows = Standard.

2.3 Workflow

One very simple way to operate AxioVision is to use workflows for routine
tasks that need to be performed again and again. All you have to do is click
on the functions in the workflow one after the other. You will then achieve
the desired results quickly and smoothly.

If you also hide all the elements that are not required, such as the
workarea and toolbars, you can concentrate fully on the work you are
actually performing.
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“wfork o x

Activated Standard workflow. > Stardard

=

Live Properties

The last function executed is indicated with oy
an arrow. Shap

Show Properties

Scale bar

\%4

Draw Annatations

To activate other workflows, click on them.
They then scroll upwards:

cl

Mavigatar

TN

a

@

Measurement
Graphite

Grainz

Tabs for switching between the Workarea v
ultiphase

and Workflow. \ :
Orling Meazurement

| & workflow [ warkarea

NOTES:
¢ All the functions available in AxioVision can be used in a workflow (see
also chapter 8 "Configuration").

e The workarea and workflows are displayed one on top of the other by
default. To switch between them, use the tabs at the bottom of the
workarea.
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¢ If you have hidden the workflows, when displayed again they are
shown next to the workarea. You can, however, move them back on
top of the workarea by dragging the title bar. This gives you more room
to display documents.

¢ You can show and hide the workarea using two different methods:
either via the menu commands View = Windows = Workflow or via

B

the button on the Standard toolbar: thiasti sy .

e If the Standard toolbar is hidden, select the menu commands View =
Windows = Standard

2.4 Own Toolbars and Dialogs

You have the option of generating your own toolbars and dialogs to create
a system that is tailored entirely to your own needs. If the range of setting
options in the dialogs for camera and microscope control is too detailed for
the work you are performing, you can therefore (with just a few clicks of the
mouse) generate your own dialog containing only those control elements
that you require for your work. This dialog can then be placed on a self-
generated toolbar, and all the other default elements can be hidden. You
then have a unique system that is optimized to meet your own individual
requirements.

You can call up the My Dialog function A

here via My Toolbar _MyDisa [v] standard

Display
Acquisition
Measure
Microscope
Annotations

Measure Annotations

My Toolbar L\ |

Bl workflow Chrl+B
O workarea Chrl+

Status
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NOTES:

e You can generate as many personal toolbars as you want.

e Your own dialogs can also be used on default toolbars.

The My Dialog dialog contains

options for Setting the exposure
time and changing the
objectives, and for the focus bar.

Functions for controlling the
scanning stage can be found on
a second tab sheet: Scanni
Stage.

E] My Dialog

E Settings | lﬁ Scanning Stage |

- Expog
Tms 1z

oms | p———
0% 100%

|D°/° _,!J —
™| utamatic

L

— Objective

28 | B || 10| 20 ) 40| &2

8 8 5888

— Focus bar

100 x 100
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2.5 Shortcut Menus

Shortcut menus contain functions that are frequently required in connection
with documents (e.g. images) and certain elements of the AxioVision
interface. They are the easiest way to select these functions.

Shortcut menus are available for every element of the user interface. They
can be activated at any time by right-clicking on an element (see shortcut
menu for an image below):

)5: Mormal Wiew (1:1)

Auta Zoom

Zoom In L4
Zoom Out L4
n}:l + Zoom F7
)'l - Zoom Fa
Player 4
Full Screen F11

Adjust window ko imade

[ & @

Ruler
Wiew Annotations

B show bounding b

Player Panel Chrl+L
Display Panel

[l Properties Alt+Enter
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2.6 Properties Window

The Properties window is required whenever you want to look over or to
change the appearance, the behavior or certain additional information
relating to a document (e.g. an image) or a particular element of the
AxioVision interface. In this window, behind the tab sheets (Display,
Attributes, Colors, ...), you will find a list of the relevant information (e.g.
at an image) and/or will be given the option of entering or modifying certain
elements.

This may be information on the date of saving and the location where an
image file is to be saved, for example, but may also relate to the formatting
(Attributes) of text, lines and other objects you have drawn into the image
(Annotations). See Property window of an image below:

= Properties : spaltoeffn... @

@ Display | 2 [om D[4 w1 B M.

apply ko all T

h

8 (Loa JiEkin) 16383

¢ b [Ceem |
S
oy G )
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As the property window plays a central role in the operation of AxioVision, it
can be opened in a number of different ways:

¢ Via the Properties function in the shortcut menu (see previous
section).

¢ Via the Properties function in the View menu.

¢ By pressing the key combination Alt+Enter.
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3. Image Acquisition
3.1 General

In order to process images using a computer, you must first acquire them
in a form which the PC can understand. This requires an electronic
camera, which acquires the image information from the microscope and
converts it into electrical signals. These signals are digitized and then
processed and displayed on the computer.

Compared to analog camera technology, modern digital camera
technology offers advantages in terms of the signal quality and camera
resolution that can be achieved. With this technology, the data are digitized
directly in the camera.

To transfer the data to the PC, you need to use frame grabbers, interface
boards or standardized digital interfaces. These are operated using special
software programs (known as drivers). With these device drivers integrated
into AxioVision it is now possible to acquire images via them.

When installing framegrabbers, interface boards and interfaces, use the
corresponding drivers supplied by Carl Zeiss and the associated
manuals/the manuals from the respective manufacturers.

The description below assumes that the frame grabber or interface board
and the corresponding driver have been successfully installed.

Detailed information on the cameras/framegrabbers supported by
AxioVision can be found in the current AxioVision online help, in the
AxioCam HR, MR and MRc5 installation and reference manuals, and
in the PDF files of the manuals, which can be found on the product
DVD.
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3.2 First Steps

When taking your first steps with the system, if possible use a simple
sample so that it will be relatively easy for you to determine whether the
resulting image is good or bad.

Place the sample under the microscope, and set the microscope in such a
way that you can see a good image through the eyepiece. Switch the
microscope’s beam path to the TV adapter, e.g. 50% Topport and 50%
Ocular.

x
Comman | Transmitted | Reflected | Stage |

LightPath

ol | B0% Topport (TW) +
50% Ocular

NOTES:
¢ If you are not yet familiar with your camera's functions, make sure that
you have the respective manuals to hand so that you can look up any
relevant information.

¢ This text describes the main procedure for image acquisition. For
explanations of the functions and setting options of all the cameras
supported by AxioVision, please refer to the manual for the camera
concerned. The description for the Carl Zeiss AxioCam product family
serves as an example for all supported cameras.

3.3 Conditions

The text below describes how to achieve your first image in AxioVision with
just a few clicks of the mouse (here with the AxioCam HR). The Standard
workflow is the easiest way to control image acquisition. If the workflows
are not displayed, in the View menu select the Windows function, and
there select the Workflow command.
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NOTES:

¢ The workarea may in fact be open but covered by the workarea. If that
is the case, simply click on the Workflow tab at the bottom edge of the

workarea _F\ wiorkflow | [ workarea |

The Standard workflow

Standard

Measurement
Live

Live Properties

Shap
Shaow Properties

v

Secale bar

D>

Drraw Annatations

7

Load Taools

7

Start Measurement

A

Save

Live starts and closes the live window.

Live Properties opens and closes the
window for adjusting the display
characteristic curve and for controlling the
camera (exposure time, white balance
etc.).

Snap acquires an image using the active
camera.

Show Properties adapts the image
display using a characteristic curve and
shows the parameters of the image.

Scale bar inserts a scale bar.

Draw Annotations inserts a caption and
scale bar into the acquired image.

Navigator opens the navigator window for
zooming.

Save saves the image.
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As the icons are identical on all menus, the following description applies
both to operation via the toolbar and to the workflow.

Step by step to the first image

>

Select the camera you want to use (if only one camera is installed, this
step is not necessary).

Set the light path to the camera. | @1
Then click on the live image icon. B

The live window is opened to Live
display the camera image.

alive - AxioCamhiR

This function can also be called up
via the Acquisition = Live menu.

Now focus the camera image and
select the frame you want to
acquire.

In the footer you can select a

suitable scaling for the objective you
are using from the List of available | —
scalings. T

4.4fps |962,1010 |

Clicking on this icon overexposed 1
(too bright) areas will be displayed in G,
red in the live image.
Clicking on the gamma icon in the la
bottom line of the live image
accomplishes the optimum color
reproduction.

In this drop-down list box you can 0
select the speed of the live image M ¥
(Slow, Middle, Fast). =

3-4

M 60-4-0004 e / printed 05.2008



Image Acquisition

» Click on the icon Live Properties to %

open the live properties.
Live Froperties

Here you can see the settings for the display of the image like Brightness,
Contrast and Gamma. Settings made here are passed on the acquired
image.

+ | AxioCamHR3 Live X]

HDispIay|Ad... Fr... | Gen... | Mavig...

N

0 (Loa)(Ekin)

-

16383
9 0 u
5| e,

MinMax
(- Linear

Save

C
U

-0,50 1,00 0,45 Restore

Note: Only the display is adapted, the camera data remain unchanged.
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Make changes for the camera settings on the following controls:

» The central element is the setting AxioCamHR: Exposure
for the exposure time on a digital = N L
camera. The Measure button can ms | | L
be used to determine an optimum 5% 500%
exposure time. Check the quality of 0% | - ST b
the exposure in the live image. [ stomatic

» The arrow keys and sliders can be
used for fine adjustment of the
exposure time.

» Exposure time can be edited via the keyboard.

» Auto Snap performs an exposure measurement before the acquisition
of each image. Auto Live adjusts the exposure time continuously in
the live image.

> If you are using a color camera, you  AxioCamHR3: White Balance
need to perform a white balance for | interactive... | [ mmok |
the image. If you select the _
automatic balance (Automatic [1show Charnels
button), the camera tries to Warmer Colder
determine an optimum value itself. o e

» Using the Warmer/Colder slider you can shift the target value of the
white balance to warmer (— redder) or colder (— bluer) tones.

» The Show Channels check box allows you to switch to an alternative
setting option if you wish to influence the target value of the white
balance manually for each channel.
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If you are using a color camera, you
need to perform a white balance for
the image. If you select the
automatic balance (Automatic
button), the camera tries to
determine an optimum value itself.

Move the slider to increase or
decrease the color intensity of the
acquired images.

Enter further settings for the
selected camera on the Adjust,
Frame and General property
pages.

Click on the camera icon to acquire
an individual image, or in the
Acquisition menu click on Snap.

Click on the Show Properties icon
and activate the Display tab. Any
changes you make here are
displayed in real time in the image
window.

AxinCamHR.: White Balance

| nteractive. | [ 3eo0k

Cyan Q 1.13
Magenta @ -l | 1.53
vellow £ g_J 0.35

‘_!-_, i Red
’_h;; = Green

[P @ Blue

AxioCamHR3: Color Saturation
Saturation:  g.g 20

LO | e ,‘_J_' |

1!

rndjust | Frame | Genera

Show Properties
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» Move the sliders + AxioCamHR3 Live E|
Gamma . —
Display | Ad... | Fr... | Gen... | Mavig...
Contrast B oy | ;
Brightness
up or down to adjust the image.
Good color reproduction on a
monitor is achieved with a gamma
value of around 0.45. _ L
\u \ (oo (Bkin) 16383 )
» To find the optimum setting for
contrast and brightness, click on P B
Min/Max. 5 | e
|
» To undo all your changes, click on _
Linear. T
LT
-0,50 1,00 0,45
» You can use this icon to insert a i
scale bar into your image. The H
appropriate scaling must have been Scale bar
generated and selected in advance.
» This icon is used to open the
window for generating annotations. D
Diraw Annotations
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» Lettering and marking can be
inserted in the Draw Annotation(s)
window.

» In the dialog window Draw
Annotation(s) the icons scalebar,
text, line, rectangle, outline, curve
und ellipse are available in the

menu line.
> In the d|a|og window Draw Settings for selected items:
Annotation(s) a field for Settings =- =y e S
for selected items as well as for # v & A, abc,
Font are available. If Display tag - -—a
name is activated, you can use the
Fonk: 20 pk, Tahoma E]
E] icon in the drop-down list box
Tag. The dialog window Select tag VEg m
opens where parameters for [¥] Display tag name
lettering can be selected.
[ Set as default ] ’ Reset ]
» In the dialog window Draw pe je. 2

Annotation(s) zoom symbols and
two buttons to toggle the color

channels are available at the bottom

of the image window.

» Using the navigator you can |

magnify or reduce the image and Navigatar
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position the displayed image area in
the overview window.

Click on this icon to save the image |
you have generated to the lA
computer’s hard drive. Save

NOTES:

Once you have found a good camera setting, you can save it with the
Settings Editor in the Tool menu and load it again automatically in the
future. This allows you, for example, to acquire particular samples
under the same conditions every time.

To allow correct scalings to be selected in the footer of the live image
during acquisition, you need to have generated these before you start
your work. If you are using a motorized or encoded microscope, the
scalings can be allocated automatically. For further information see
Chapt. 9 "Configuration".
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3.4 Practical Notes on Operation in AxioVision

Below you will find a few practical notes on the speed of the live image,
color adjustment, working with exposure times, fluorescence images and
configurable toolbars.

Speed of the live image

There are three speed modes available for the AxioCam HR live image. If

%,
you use the pointer to click on the Slow  icon at the bottom edge of the live
image, a pop-up menu with the possible setting options appears. The
current setting is displayed at the bottom edge of the live image.

Each mode has its own particular compromises.

Live mode Description

Fast Greatly reduced resolution, fast frame rate
Medium Medium resolution, moderate frame rate
Slow High resolution, slow frame rate

The image rate can be further increased by deactivating certain AxioVision
features:

e Deactivating the focus bar.
e Deactivating the live image scaling (1:1 representation of the image).

e Activating a frame for the live image (Size) on the camera property
page Frame.

e Setimage orientation to original on the General property page (no
rotation).
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NOTES:
¢ Note that the above mentioned notes are only valid for short exposure
times, as for very long exposure times the speed of the acquisition is
mainly dominated by the exposure time.

e For very long exposure times, the live image will appear grainy, as
automatic amplification is active. However, this will not influence the
quality of the final image.

Notes on Optimum Color Reproduction in
AxioVision

Below you will find a detailed description of how best to set up AxioVision
to achieve optimum color reproduction with the AxioCam HR.

NOTES:
e For an optimum color reproduction the monitor first has to be adjusted.
To do so please use a well-suited image.

Adjusting the display characteristic curve in AxioVision:

In order to achieve optimum reproduction of color images of the AxioCam
HRc data on a monitor, the display characteristic curve must be used to set
gamma compensation. The advantage here is that only the display is
influenced and the actual data remain unchanged. Further details on this
can be found below. The settings can be done as follows:

K

» With the mouse click on the icon &. 0,45 in the footer of the live image.
This adjusts the display characteristic curve automatically for an
optimum color reproduction of the monitor (gamma = 0.45).

Or in an already acquired image:

> Inthe Properties dialog window, set the gamma characteristic curve in
the histogram image on the Display property page.
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NOTES:
¢ This also influences the reproduction of the color saturation.

¢ For fluorescence images, background correction can also be carried
out simply by shifting the offset of the characteristic curve.

k<
¢ Clicking on this icon [Lirear. returns to a linear display of the data.
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3.5 HDR - High Dynamic Range

General

HDR imaging offers you the possibility of increasing the camera-specific
dynamic range. If you want to capture all the information from objects that
are extremely rich in contrast, it is usually necessary to acquire several
images, which need to be adapted to the relevant exposure situation.
Either the very bright or the dark structures can be correctly exposed. With
the HDR module it is possible to document all the information in a single
image.

To achieve this effect, depending on the parameters set, several images
are automatically acquired with different exposure times and subsequently
merged into a single image with an increased contrast range.

To achieve the best possible result with your image, it is crucial to set the
exposure time precisely. No position on the specimen may appear
overexposed. This is the only way to guarantee that the information
acquired in the brightest structures is differentiated and contributes to the
HDR image. In this case a simple measurement to determine the correct
exposure time prior to acquisition is not suitable, as this involves
performing average metering that is subject to tolerances. Instead, the
overexposure warning should be activated and the display characteristics
in the non-logarithmized display should be adjusted in such a way that
there genuinely is no overexposure of any pixel.

The advantages of the technique depend to a great extent on the specimen
and on the microscopy technique being used. A sample in transmitted-light
bright field generally has only a relatively flat dynamic range. This means
that the effect you notice from the use of the HDR method will not be an
increase in contrast, but merely a reduction in image noise. Images of
specimens acquired using other contrast techniques, such as dark field,
reflected light or fluorescence, exhibit a stronger increase in contrast,
depending on the structure in question, as they often have a higher
dynamic range than that of the cameras used.

In many cases, it is not possible at first sight to see a clear improvement in
the acquired HDR image compared to a normal image. This is due to the
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limited display depth of monitors, which usually have a contrast range of 8
bits. As no further tone mapping is performed in AxioVision to map the
increased dynamic range to a monitor, an adjustment can only be made
with the help of the gamma setting (non-linear bending of the display
curve).

The additional information gained from expanding the dynamic range is
most noticeable when performing measurements. Thanks to the more
differentiated display, more brightness gradations are available to the user,
which means that as well as a distinction in bright structures there is also
nuancing in dark areas of the image. This allows segmentations to be
performed more precisely and measurement results to be refined.

NOTE:
e For detailed information on the individual functions and parameters,
please simply refer to the online help (F1 key).

HDR imaging

In the following sections you will see that acquiring an HDR image using an
AxioCam is extremely simple. By bearing a number of fundamental aspects
in mind, you will quickly achieve good results.

If you are using a camera from another manufacturer, it may be necessary
to change parameters in HDR Setup, even for simple HDR imaging. This
will be mentioned at the relevant points and the procedure will be explained
in more detail under the final point “Basic settings in HDR Setup”.

HDR Mode

The quickest way to obtain an HDR image using an AxioCam is to use
HDR Mode.

This mode is independent of the other image acquisition modules and can
be activated individually for all acquisition functions.

You will find this function under the following menu item: Acquisition =
HDR = HDR Mode.
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% Mosai® Acquisition

Z
o

100%

Panorama 4

If you activate HDR Mode, all subsequent images will be generated with an
increased dynamic range.

HDR Mode can be operated in two different settings. On the one hand,
there is Simple Mode, in which only the dynamic extension can be set. In
this case the other information required is completed automatically.
Beneath the slider you will find the information on the number of images
used, the source for merging the dark value and the extension factor. This
is therefore a good way to get to know HDR Mode without having to set a
large number of parameters. Expert Mode, on the other hand, contains all
the setting options required to individually adapt the HDR image.

3-16 M 60-4-0004 e / printed 05.2008



Image Acquisition - HDR

® HDR Mode X
Enable Expett Mode
Acquisition
Bits: ] [}
L] r ' 1
2 |l = =
< Count: 2 32
’HDRMU(‘]E Al
= | MR
Enable [CJExpert Made Exposure Time Factor: 7,00
Dyniamic Extension Merging
Bits: a 6
] r ' ! Datk Source:| Imput Tag b
2 |l =
Dark Value!
Exposure Count: 3 E
Exposure Time Fackar: 7,00 Dark Image:
Dark Source; Input Tag
Simple Mode Expert Mode

The acquisition parameters should be selected carefully, especially in
Expert Mode, as these define the duration of the exposure and therefore
the burden placed on the sample. To give you an idea of the exposure time
to be expected, a factor for the extension of the overall acquisition time is
shown underneath the acquisition parameters.

As a rule of thumb for the correct setting of HDR Mode, the following
should apply: a dynamic extension of 2 bits should result in the exposure
count increasing by 2. This guarantees good information density in the
HDR image.

The predefined settings with an extension by 2 bits using 3 images and the
source “Input Tag” for merging the dark value are a good starting point for
working with an AxioCam.

PLEASE NOTE:

If you are using a camera from another manufacturer, it cannot be
guaranteed that an “input tag" for merging the dark value will be transferred
to AxioVision and consequently that the result will be free of errors. If the
source "Input Tag" is not available for the calculation, the dark value set is
used instead (see also the section "Basic settings in HDR Setup").

AxioVision User's Guide, Release 4.7 3-17



Image Acquisition - HDR

Simplest way to generate an HDR image

Following this brief explanation of the different versions of HDR Mode, we
will now return to a description of the quick acquisition of an HDR image.

Activate HDR Mode in the simple display and set the slider to a dynamic
extension of 2 bits. If you are using HDR Mode for the first time, the
following data will be completed automatically and displayed in the
information rows underneath the slider: an exposure count of 3 images, an
exposure time extension by a factor of 7 and the dark source “Input Tag”. If
you have already used HDR Mode and have changed the input
parameters, these values will be displayed and applied.

Please therefore always pay attention to the settings to ensure that your
HDR image is acquired as you want it to be.

Now you need an object that is rich in contrast and must determine the
correct exposure time. To do this, activate the overexposure warning. This
makes it easy to determine the right acquisition time. Adjust the exposure
time in such a way that no overexposed pixels are displayed. The more
precisely you do this, the more gradations you will be able to differentiate
later in the bright structures of the HDR image.

Once the correct exposure time has been determined, you now only need
<]

to click on =" or the F2 key.

Everything else takes place automatically and the output image will already

show the HDR image with a dynamic range that has been increased by 2
bits.
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An individually adapted HDR image step by step

Another way to obtain an HDR image is to make use of the individual
functions.

These can be opened either via the Acquisition menu or in the work area
under HDR = HDR Functions.

The individual functions allow you to enter individual settings for an HDR
image and adapt it to the properties of the various cameras. Using the
individual functions is also an excellent way to familiarize yourself with the
operation of the program and the various merging and setting options.

A good HDR image can be improved even further by means of a
calculation using an adapted dark value. This means that an individual
black-reference image is subtracted for each exposure time. Only a few
additional operations are necessary to do this. Black references are
normally created before the actual acquisition of the image. In this case,
due to the individually adapted exposure times, it is easier and less time-
consuming to acquire the black reference after actual image acquisition.
One condition for achieving a flawless result with your image is to ensure
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that the beam path is absolutely free of stray light. You should therefore
always make sure that the camera sensor is not receiving any light at all.

For the HDR image you must first adjust the specimen and define the
appropriate exposure time. As with the use of HDR Mode, make sure that
there are no overexposed areas in the image (activate overexposure
warning). This is the only way to guarantee that you will gain the maximum
information.

> Open the HDR Series

function and set the Image

Count and Extra Bits T HOR Series |

parameters for the increase in

the dynamic range. New image n v
DOutput <Mew image:

With these two details you Image Count 3 G-

have defined all the important Evtra Bits 2 TE™

data for acquisition itself.

> Once everything has been set ok | [ cancel ||
to your satisfaction, click on

the [ acoly | button.

HDR Series generates an image series consisting of images with different
exposure times. The various component images are displayed in a
multichannel image. This means that you can view all the exposure times
separately from each other, analyze them and save them for other uses.

Apply

To generate the black reference you only need to close the light path to the
camera and acquire a black-reference image using the same settings as
before for the HDR image.

NOTE:
e The display of the series initially shows you an overlay of all images

acquired. Click on the icon to view the individual images.

To obtain a finished HDR image, all that you now need to do is merge the
individual components. To do this, select the HDR Merge function.
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» To merge the black-reference
series previously acquired,
set the parameter Dark
Image as the dark source.

» Select the image by clicking

on E]

» Lastly, activate the previously
acquired HDR image. To do
this, all you have to do is click
once on the image’s
Acquisition tab.

%. HDR Merge

On

IP-HDRE sposelmage-01

<Mew images

Drark Image

32

IP-HDRE sposelmage-02 [
100 a3
32

‘whord

H Cancel H Apply

No other changes to the parameters are required if you are using an
AxioCam camera. If you are operating an AxioCam ICc 1 or ICc 3 in 8-
bit mode, the output bias should be reduced to the value 3 (more
detailed explanations can be found in the following section or in the

online help).

[ Apply ]starts the merging process. The HDR image is now

finished.

Basic settings in HDR Setup

The settings in HDR Setup determine all the parameters that cannot be
changed individually in the various HDR functions. This function is

therefore of central importance.
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HDR Setup can either be opened via the Acquisition menu or in the work
area under HDR = HDR Functions = HDR Setup.

® HDR Setup
Lws HOR Setup
Enahled & [x] w
Image Count 3 <> B
Ewtra Bits 2 4=
Dark Source Input Tag w
Dark Value 32
Dark Image E
Linearity Limit 100 EE
Output Bias 32
[ QK ] [ Cancel ] [ Apply ]

The default values in HDR Setup have been set in such a way that they
can be adopted without any further changes for an AxioCam.

It may be necessary to change the dark value for the merging of the HDR
image if you are using a camera from another manufacturer. To determine
the actual dark value, it is helpful to take the value of the darkest areas of a
simple image as a reference.

The second setting that you should change, if necessary, if you are using
an AxioCam ICc 1 or AxioCam ICc 3 in 8-bit mode or a camera from
another manufacturer is the Output Bias parameter. This determines the
brightness value of the darkest pixel in the output image and should be set
to the value 3 in the case of the AxioCam ICc.
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4. Microscope Control

4.1 General

AxioVision has been specially designed to support Zeiss‘s motor-driven
microscopes.

The introduction of the new microscope types from the Axio Imager, Axio
Observer and SteREO series means that the established Axioplan,
Axiovert, Axioskop and Stemi systems are being replaced. These systems
will no longer be developed or produced, but will naturally still be supported
by AxioVision.

As the Axio Imager, Axio Observer and SteREO microscopes open up
completely new opportunities for computer-aided microscopy, new
requirements are also necessary with regard to the configuration of the
systems. Therefore, a distinction is made in AxioVision between the
established systems Axioplan, Axiovert, Axioskop and Stemi and the new
Axio Imager, Axio Observer and SteREO systems. Various configuration
programs are available for both generations of instruments. However, there
is only a difference as far as operation in AxioVision is concerned where
functional differences actually exist. Therefore, if you change your system,
you will be immediately familiar with the new microscope without having to
readapt.

The microscope is either controlled via a property page containing all
configured components or via control elements for individual components.

The property page for controlling the microscopes can be activated up by
clicking the Microscope entry in the work area or by selecting from the
Microscope menu the function Microscope.

Alternatively you can select single controls from the five functions General,
Transmitted Light, Reflected Light, Stage/Focus and Extra.

A more detailed description of the controls can be found in the Online help.

AxioVision User's Guide, Release 4.7 4-1



Microscope Control

4.2 The Established Axioplan, Axiovert and
Axioskop Microscopes

At the time of AxioVision's release the following Carl Zeiss microscopes are
supported:

Axioplan 2

Axioplan 2 imaging
Axioplan 2 imaging e
Axioplan 2 imaging € man
Axiovert 100 M
Axiovert 200 M
Axiovert 200 M MAT
Axiovert 200 MAT
Axiovert 200 man
Axioskop 2 mot plus
Axioskop 2 mot

Your microscope type and its individual facilities are selected in the
separate program Microscope Configuration. This configuration program
can be found on the Microsoft Windows Desktop.

A

Microzcope
Configuration

Here you can define your microscope‘s type and components.
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4.3 The New Axio Imager, Axio Observer and
SteREO Microscopes

The following microscopes are currently supported:

Axio Imager (A1, D1, M1, Z1)

Axio Observer (A1, D1, Z1)

Axio Observer MAT (A1m, D1m, Z1m)
SteREO Discovery (V8, V12, V20)
SteREO Discovery (V8, V12, V20) 0.EMS
SteREO Lumar.V12

SteREO Lumar.V12 0.EMS

The microscope type and the individual equipment you are using on your
microscope are selected in the separate MTB 2004 Configuration
program. his configuration program is located on the Microsoft Windows
Desktop.

[

MTE 2004
Confiqurakion

4.4 Activating microscope configurations

In order to activate a new microscope configuration, you must first exit
AxioVision. You can then start the relevant configuration program
(Microscope Configuration or MTB 2004 Configuration) to activate the
appropriate configuration or to make the desired changes to the current
configuration.

A new feature of AxioVision release 4.3 is the opportunity to change the
configuration directly at the start. The following dialog is displayed when
AxioVision is started:
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21 Microscope Control

what bype of microscopef-component do wou want to control 7

(%) Axio Imager, SteREQ

Configuration available ! )
|!_:‘, Canfigure...
(") Axioplan, Axioskop, Axiovert, Ludl, Sutter, Uniblitz or none

Configuration available !

l Canfigure...

[ Do not show this selection dislog at startup. QK

Here you can choose the microscope type and then start the corresponding
configuration program via Configuration.

If this dialog is not displayed, you should check the settings in the Tools =
Options = General function:

Microscope Type

'@}.ﬂ.xinlmager, AxinObserver, Axiovertz00, SteRED, ..
) Axioplan, Axioskop, Axiovert and other microscopes

Show selection dialog at startup,

Here, you can specify your type of microscope and activate the
Microscope Selection dialog by activating the Show selection dialog at
startup check box.

In addition, for the new Axio Imager, Axio Observer and SteREO
microscopes only, it is possible to change the configuration of the
microscope when AxioVision is running:
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Acquisition  Proced

fi Configure microscope
(ﬂ Microscope

The MTB 2004 Configuration program can be started via the Microscope
= Configure microscope function. You can then make changes to the
current microscope configuration. These changes are adopted
immediately.

The possibility of changing a configuration is limited, however:

Changes to the current configuration are limited to the objectives and the
reflector. You will need to restart AxioVision to make any further
changes.

Only the current configuration can be changed. You will also need to restart
AxioVision in order to activate a different configuration or to generate a
completely new configuration.

4.5 The Settings Editor

Under the Tools menu you can open the Settings Editor dialog (keyboard
command Alt+S). In this dialog you can generate, save and retrieve
settings for your current hardware, i.e. for your microscope, camera or
other external components such as filter wheels or shutters. You can also
apply these settings to the hardware.

These settings are intended to make it easier for you to operate your
microscope. They are also used for microscope control when you are
generating complex experiments, e.g. with the Multichannel Fluorescence
or Z-Stack modules. The settings are saved as a document (*.zvhs) in
\Documents and Settings\All Users\ Documents\Carl Zeiss\Data\Setting
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How Do | Generate a Hardware Setting?

The text below explains step by step how to generate and modify a
hardware setting document and how to apply it to the microscope. In this
example, the reflector nosepiece is to be switched to the Rhodamine
position, and the integrated fluorescence shutter is to be opened so that
light falls on the sample. The setting is to be saved as a document with the
name "Rhodamine.zvhs".

>

In the Tools menu, open the Tools | Window  Help
Settings Editor. It can also

be opened using the key @ Settings Editor
combination Alt+S.

In the window that is now [Newsetting X

open, click on New, enter a Setting
suitable name, such as [hodain
"Rhodamine", in the dialog
window, and click on OK.
You can decide, whether
you only (User) or other
persons (Workgroup) can
use the settings file

alt+5

Location
& User
" Workgroup

Cancel |

Now add hardware settings to Awailable Components:
the empty document. To do : .
so, select from the list
Available Components.

B-=m ApaTame
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> Click on  to open the Available Components:
microscope branch, and then BB Hicroscope
open the branch for the --E mn
Reflected Light component 5= Transmitted Light
group. The tree should now : .
=& Reflected Light

look like this: & Reflector (1149 DAPI BP

: 4% Intermal Shutter:Closed
- Stage/Focus
[#-==m ApaT ome

Select the Reflector component, and add it to the Rhodamine setting by

clicking on € it M Repeat this step for the Internal Shutter. You

can also add this component by using Drag&Drop.

You will now see these two components listed in the setting window:

Selected setting: |F|h-:n:|amine.zvhs [waz modified and not zaved.)
Device | Edit | Component | Component settings

@Micrusmpe I Reflector (1143 DAFI BP

{} Microzcope I [nternal Shutter Clozed

Both components contain a certain setting. In our example, the component
Reflector is set to the filter set "[1]49 DAPI BP", and the Internal Shutter
is Closed. These parameters correspond to the current setting status on
your microscope. What you see may therefore differ from the examples
shown here.
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> Select the component x|

Reflector and click on the

| (143 DAPI BP =l

QK. I Cancel |

button. This selection
dialog is opened:

> From the drop-down list x|
box, select the reflector
position for Rhodamine (in (149 DAFI BP =
this case it is 15 Ex.546/12 (1743 D&FT BP
at position 3), and confirm o 47040 B8P
Wlth OK. AMEYFP
(5137 Cy 35
_[7lenalpzer Trangm
[Ba]
> Now select the component x|
Internal Shutter, click on
£
the I:l button, and then A

click in the dialog on Open.

Confirm your selection with oK I Cancel |
OK.

Save your settings by clicking on | = Serd | This button then
| . Save |)

Test your new hardware setting by clicking on & Avoly . The
reflector block should now swing to position 3, and the shutter for the
fluorescence lamp should open.

becomes inactive (

The hardware setting "Rhodamine.zvhs" has now been saved and can be
assigned to a function key (for more information, please refer to chapter 8
"Configuration" - " Define key combinations for functions") or used in an

experiment as part of the acquisition of a multichannel image, for example.
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4.6 Definite Focus

Overview

The Definite Focus functionality in AxioVision enables control of Definite
Focus, an LED-based focus stabilizer. Definite Focus can e.g. be used to
compensate changes in the distance between microscope objective and
specimen, caused by temperature fluctuations. This functionality makes
long-term time lapse experiments more reliable and easy.

Note

¢ Definite Focus control is also possible without using AxioVision,
although depending on the application, this may only be possible with
limited functionality.

e Description of all functions of Definite Focus in AxioVision may be
found in the AxioVision online help.

e For further information on the working principle, operation and
compatibility with hardware components (e.g. objectives), please refer
to the Definite Focus operating manual.

Two application examples demonstrate operation of the Definite Focus with
AxioVision.

Example 1: Automatic focus-stabilization at one
position of a culture dish

In this example Definite Focus automatically stabilizes the focus position
(z) at a single xy-Position in a culture dish, without needing further settings
or interactions made by the user.

» Make sure that Definite Focus control by AxioVision is running in
default mode. Default handling of Definite Focus is the preferred

working mode. The box [ ]pisable Default Handling of Definite Focus in the

menu Tools = Options... = Acquisition must not be checked for this
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mode. Activation and deactivation of Definite Focus during the
experiment will now be carried out automatically by AxioVision.

» Place your specimen on the stage of the microscope and focus it.

» Open the Definite Focus window in the menu Microscope = XYZ =
Definite Focus:

"= Definite Focus gl

Stabilization

Off

Definite Focus *Woaorking Pozition
Cuirent: Go to:
pm

Status

Stahbilization Offzet- and Period
Offzet: Period:
pm |0 | <

#7'-Pogition for Stabilization
* Positior: ' Position:
pm pm

Focus
Paosition:
rn Handwheel on

> Activate Definite Focus by clicking the button.

Activity of Definite Focus is displayed in the Status area of the Definite
Focus window by a periodic indication of ,Waiting...” and “Setting

1 &

focus...”, as well as by an animated icon 1
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Now start the image acquisition experiment as you are used to it. This can
be e.g. a single- or multichannel time lapse experiment.

Note:

¢ Definite Focus keeps the distance from the bottom of your sample (e.g.
the culture dish) constant. Please note that movement of individual
cells in the culture dish can nevertheless lead to a situation where
these cells are not in focus anymore. In this case use of the software-
and image-based autofocus functionality of AxioVision is
recommended.

Example 2: User-defined focus-stabilization

In this example Definite Focus is controlled by user-defined hardware
settings. This mode is only recommended if the results obtained by the
automatic Definite Focus control are not satisfying. It is also recommended
that only users, experienced in generating hardware settings are using this
mode.

» Deactivate the default handling of Definite Focus by AxioVision by

checking the box Disable Defaul: Handling of Definite Focus in the menu

Tools = Options... = Acquisition. Activation and deactivation of
Definite Focus during an experiment is not done automatically anymore
by AxioVision, but has to be defined by the user in an experiment with
hardware settings.

You will find the Definite Focus control components for the creation of
hardware settings in the menu Tools = Settings-Editor in the category
Microscope = XYZ.
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>

Awailable Components: Shiow all

+ = Extra Components
+-E Common
+-E Reflected Light
+-E Transmitted Light
- wvz
[ v Stage::0.00um/Y:0.00um
%5 Definite Focus: Stabilizing: Off
#£ Definite Focus:Single stabilization cycle: OFF
#5 Dpefinite Focus:Period:0,00s
+-{=] Incubation
4= ApoTome

Create a hardware setting ,Definite Focus active” that activates Definite
Focus for focus stabilization with an interval of 5 seconds.

Selected Setting: m* User : Definite Focus active.zvhs

Device: E.. Component Component setkings
EELMicroscope .. ] Definite Focus Stabilizing: Gn
EELMicroscope ... ] Definite Focus Period;5.00s

Create a hardware setting ,Definite Focus inactive® that deactivates
Definite Focus.

Selected Setting: @' User : Definite Focus inactive.zvhs®

Device E.. Component Component setkings
fE_'Microscope .. | Definite Focus Stabilizing: OFf

Use these hardware settings to enable focus stabilization and
correction by Definite Focus in between the time points of a time lapse
experiment while disabling Definite Focus immediately before image
acquisition. For this use the function Settings before/after Timepoint
on the T (Time) property page of Multidimensional Acquisition.

4-12
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S, Experi.. g @ |:|>< B8 Mo...
Time Lapse
Interval Settings

() Maximal Speed

(%) Interval 20,000 & |Minute W

Duration Setkings

(0% Cyeles | Calculate
(Duration  [83.000 % |Hoor W

Settings befarefafter Timepaink

befare time point. ..
User: Definite Facus inactive e

after time point. ..
User: Definite Focus active hd

You may now start you experiment. Definite Focus will correct the focus
position between all time points every 5 seconds. During image acquisition
it will be inactive to minimize the possibility of any putative negative
influence of Definite Focus on image quality.
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5. Image Processing

5.1 General

The task of image processing essentially consists of two fields of activity:
correction and optimization of the acquired image data.

In many cases digital image processing functions are required to make up
for the technical limitations of the available devices. However, we should
point out that often (in fact probably in most cases) image processing
functions are needed to compensate for carelessness during image
acquisition.

It is therefore essential to make sure that you fully utilize the capabilities of
your technology both prior to and during image acquisition. This is the only
time when the actual original information is available. It is also your best
opportunity to ensure good image quality.

One area that is often neglected is the preparation of the sample. The
principle here is that a poor sample inevitably results in a poor image. For
this reason you need to be self-critical and check whether the quality of
your sample is suitable to provide optimum acquisition results.

Whatever you use image processing functions for, make sure that
wherever possible original data are not overwritten. You should always be
able to return to the original image to ascertain whether executing a
function has actually brought about an improvement or has in fact resulted
in relevant image information no longer being available.

The different ways of processing images

In AxioVision there are two different ways to process images. They each
have different features and have been devised for different areas of
application. On the one hand, all functions can be executed via the
Processing menu or the Workarea. Alternatively, via the Properties
window, you can optimize the quality of the image display (brightness,
contrast and gamma value) for your monitor using a characteristic curve.
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In both cases AxioVision ensures that initially your original data are not
modified:

¢ If you are using the functions via the Processing menu, by default the
result is displayed in a new image document. You can then decide
whether you want to save the result in a new file or overwrite the
existing file.

o If you are working via the Properties window, the numerical values of
the brightness and color information of your images are not modified.
Only the display of the saved values on the monitor is adapted. As long
as you save your images in AxioVision "ZVI" format, in addition to the
original data it is only the settings in the Properties window that are
saved in the file.

e When you open the file, it is then the optimized display that is initially
made available. You can revert to the original display at any time via
the Properties window. If you export the image into a different format,
the settings of the Export function can be used to specify whether you
want to save the original data or whether you want the settings in the
Properties window to be adopted before saving. In the latter case,
however, the gray or color values are changed, and you are no longer
able to restore the original data.

NOTES:
e We recommend that initially you always save your images in ZVI
format, and only export them to an external format if you need to do so.

Image formats

In the section that follows, image format should not be understood to mean
the file format (ZVI, BMP, TIF etc.), but rather the way in which brightness
and color are displayed in an image.
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Conventional TV cameras are able to distinguish 256 gray levels. The
entire spectrum from black to white is displayed using this number of
brightness levels. To be able to distinguish 256 gray levels on a PC, 8 bits
are required. These images are therefore known as 8 bit images.

To display color images, three of these gray level images are required —
one for red, one for green and one for blue. These images are essentially
gray level images. This means that a color image is made up internally of
3x8-bit images. We therefore also talk of 24 bit images. With these kinds
of image it is possible to distinguish up to 16.8 million color values.

Modern digital cameras, however, are not only able to distinguish 256 gray
levels, but can actually distinguish as many as 65536. This means that 8
bits are no longer sufficient to save the data. 16 bits are required in such
cases. However, 16 bit images are essentially only gray level images too.
If three of these images are combined to form a color image, we talk of 48
bit images.

NOTES:
¢ Some file formats are not able to save 16 and/or 48-bit images. We
therefore recommend that you always save your images in ZVI format
initially, and only export them to an external format if you need to do so.

5.2 Annotations

Annotations are additional drawing elements (scale bars, captions, arrows
etc.) that can be drawn into an image. The word "into", however, is not
strictly accurate, as the annotations are in fact drawn on top of the image.
In other words, the annotations are drawn into their own plane on top of the
actual image information, ensuring that initially the original information is
not overwritten.

Provided that you save your images in AxioVision "ZVI" format, this plane
information can be retained. The annotations are therefore saved
separately from the actual image information. When you open the file, any
annotations that are present can be changed, deleted or hidden or new
annotations can be added.
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The AxioVision ZVI format is the only format that supports this plane
technique. Consequently, if you save the image in a different format, in the
settings of the Export function you must specify whether or not you wish to
"burn" the annotations into the image. You have the following options:

» If you burn the information into the image, the pixels that lie beneath
the annotations are overwritten and you will then be unable to restore
them.

» If you decide not to burn the annotations into the image, the
annotations are lost.

> Alternatively, you can save the image twice (once in its original form
and once with the annotations burnt in).

NOTES:
¢ As there are considerable limitations involved in saving images in
external formats, we recommend that initially you always save your
images in ZVI format and only export them to an external format if you
need to do so.

5.3 Working with the Image Processing
Functions

General

The text below outlines the principal method for operating the image
processing functions. The steps described are identical for all functions. A
description of the operation of the individual functions and their parameters
can be found in the online help under the Processing menu entry.

The individual steps in the following examples can also be practiced using
the original images that were employed. The sample images can be found
on the Product DVD.
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Smoothing an image (basic)

Images frequently contain noisy regions or inhomogeneous brightnesses,
which impair the detection of the objects to be measured (segmentation).
To achieve satisfactory segmentation, these kinds of images are processed
using smoothing filters.

All filter functions work using filter matrixes, the size of which can be set
using the KernelSize parameter. During the filtering process, the central
pixel in the matrix is combined with the gray values within the matrix, and is
therefore given a new value.

Which smoothing filter is most suitable depends on the structures that are
present in the image. You should therefore try out various filters initially.

The Sigma function is particularly appropriate if you wish to remove
uneven brightnesses from within structures without influencing the edges of
these structures. Fine structures are also preserved.

To suppress noise, the Gauss function can be used. This reduces the
dynamic range of the image and smoothes the entire image, including the
object edges.

The following example explains step by step how to smooth the structures
in an image using two different filter functions.

» Load the image "Bone-overview.zvi" from the AxioVision folder
AxioVision Images\imaging Plus via the function File = Open Image,
or acquire an image with the camera. The image is displayed in
AxioVision’s image window.
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' Bone-overview.zvi

Info Yiew | Tree Wiew | Gallery View
WaFER LD AL £

Select from the Processing menu the Smooth functional group and then
the Sigma function.

5-6 M 60-4-0004 e / printed 05.2008



Image Processing

» You will now see the dialog
window of the Sigma function.

> If the Automatic Preview check
box is activated, you will see the
reduced input and output images.

» Set CreateNew to Off so that a
different filter function can later
be executed with the same

Sigma

Aubomatic Preview

o |8 | [»

image. i
Mew image off w
) Input Bone-overview. zvi E]
> Set the value 13 for KernelSize Qi Fr———
and the value 31 for Sigma by
clicking on the arrow keys or by
entering the values directly.
Parameters
> Click on the Splitter Display KemelSize 13 5[]
. H‘H . . Sigma > E]
icon to display the original
and the result image side by
side.
» Click on OK to close the dialog.
[ O l ’ Cancel ] [ Apply ]
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Select from the Processing menu the Smooth functional group and then
the Gauss function.

>

You will now see the dialog
window of the Gauss function.

If the Automatic Preview check
box is activated, you will see the
reduced input and output images.

If you click on the [Z] button in
the Input field, the image gallery
appears. Select the original
image "Bone-overview.zvi" by
clicking on it.

Set the value 13 for KernelSize
by clicking on the arrow keys or
by entering the value directly.

Click on the Splitter Display

icon @ to display the original
and the result image side by
side.

Click on OK to close the dialog.

Gauss

Automatic Preview

(4] Gauss |

Pal

Create new

Input
Output

KemelSize

Bone-overview.zvi [:]

Gaussimage

QK

][ Cancel H Apply ]

5-8
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Compare the two resulting images.

» With the Sigma filter, strong smoothing has been achieved without the
edges becoming blurred:

F Sigmalmage *

Info View | Tree View | Gallery Wigw
DEEALIE @ AaARue £

» With the Gauss filter, weak smoothing has been performed using the
same KernelSize. The edges of the object have also been smoothed:

F Gaussimage *

prn 40000

Info Yiew | Tree Yiew | Gallery Yiew
DEBEAR w2 alus »
NOTES:

¢ Adjust the display characteristic curve in the resulting image if
necessary.
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Shading Correction (basic)

Uneven illumination, vignetting in the optical system or inhomogeneous
sensitivity of the camera sensor can sometimes lead to a so-called shading
effect in images. This means that the brightness of the image is uneven,
which greatly impairs the detection of the objects to be measured.

To eliminate this disruptive effect, shading correction must be performed
using a reference image. As a rule, an empty field with no structures is
used as a reference image. Often, however, the image has already been
acquired, and the sample is no longer available to allow the acquisition of
an empty field. In this case a pseudo-shading reference image can be
used. This is generated by applying particularly strong smoothing (e.g.
using a strong Lowpass filter) to the original image. The smoothing can,
however, take place automatically within the shading correction function,
which renders the generation of a shading reference image superfluous.

The following example explains step by step how to perform shading
correction.

» Load the image "SAND.ZVI" from the folder AxioVision
Images\AutoMeasure Plus via the function File = Open Image, or
acquire an image with the camera. The image is displayed in
AxioVision’s image window.

EI SAND.zvi

Info View | Tree View | Gallery View
NEFRL u s aAEuy 2
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Select from the Processing menu the Adjust functional group and then the
Shading Correction function.

> You will now see the dialog D Shading Correction X
window of the Shading o
Correction function. I aukomatic Freview Stap
» If the Automatic Preview
check box is activated, the
reduced input and output
images appear.
> Set CreateNew to Off so you :
can select the images freely. ®) shading Correction |
P
> Select the loaded image as Create new aft v
Input and Reference. Input SAND 2vi (]
Rieference SAMD . zvi [:]
» Setthe Auto parameter to On. Dutput ShadingCorectionlmage
This will result in a pseudo- el it
shading reference image being
generated automatically in the
background and combined ﬂode Ative 3
with the original image. Dffeat 0 450
> Click on the Splitter Display fute o v
icon 4] to display the original
and the result image side by
side.
» Click on OK to close the
dialog.
Subset
OF ] [ Cancel ] ’ Apply ]
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The resulting image then contains homogeneous illumination.

M ShadingCorrectionlmage *

Info View | Gallery ¥iew |
HEBER L D @Bics 2|0

NOTES:
¢ Adjust the display characteristic curve in the resulting image if
necessary.

Correction of XY pixel shift in multichannel
images (basic)

During the acquisition of multichannel images using a manual microscope,
you switch from one fluorescence filter to another by moving the
fluorescence slider manually. In the acquired images, this can result in a
shift of a few pixels between the individual channels in the horizontal and
vertical directions. The individual fluorescence channels are shown in a
pseudo color display. The XY pixel shift that has occurred must be
subsequently corrected, to ensure that the individual fluorescence channels
lie precisely on top of one another in the horizontal and vertical directions in
the pseudo color image.
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The following example explains step by step how to correct this XY pixel
shift.

» Load the image "Endothelial_cells_FL_shifxy.zvi" from the folder
AxioVision Images\Imaging Plus via the function File = Open Image,
or acquire an image with the camera. The image is displayed in

AxioVision’s image window.

= Endothelial_cells_FL xyshift.zvi

Info Yiew | Gallery Yiew | Colocalization

] RAD | BBK |- &£
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Now select from the Processing menu the Geometric functional group,

and then the Shift function.

» You will now see the dialog
window of the Shift function.

» If the Automatic Preview
check box is activated, the
reduced input and output
images appear.

> Activate Enable channel
selection, so that you can
enter the XY shift for an
individual channel.

> Click on Subset.

Shift

Aukomatic Preview

(A] st |

Create new

Input

QOutput

3

o |2 | o

Enable channel selection

1] 2

Shift
Shifty

Subisek=CFF

O -
Endothelial_cells_FL_:-:ysE]
Shiftlmage

0 > ]
0 > ]

[ o

” Cancel ” apply ]
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> Activate only the channel that [ —
you want to be corrected o1 {;
(channel 1 in the example).

» Deactivate Copy selected
items only, so that all channels
are present in the resulting
image (including the e e e
uncorrected ones), and click Clcorseondtoms
OK.

» In the dialog window, activate [#|Enable channel selection
the channel to be corrected

(channel 2 in the example). 1_ 2|

> Set the shift for ShiftX and 20 g3
ShiftY by clicking on the arrow Shifty 1 <2
keys, or by entering the values
directly.

NOTES:

¢ The value for ShiftX and/or ShiftY always relates to the number of
pixels that you want to be shifted.

e Click on the Splitter Display icon @ to display the original and the
result image side by side.

¢ Click OK to close the dialog window.

NOTE:
Adjust the display characteristic curve in the resulting image if necessary.
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Correction of z pixel shift in multichannel z-stack
images

During the definition of multichannel z-stack images, the focus plane is
normally set for one channel only. This means that the acquisition of the
various fluorescence channels always starts with the same focus plane.
When you switch from one fluorescence filter to another, the excitation and
emission wavelengths, which also influence the focus plane, change. If the
objective is not corrected for this chromatic aberration, the focus planes
between the individual fluorescence channels in the acquired image will not
correspond.

The individual fluorescence channels are shown in a pseudo color display.
When you switch between the individual channels, a small shift is visible in
the z direction. This can be subsequently corrected, so that in the pseudo
color image the individual fluorescence channels lie exactly next to each
other in the z direction.

The following example explains step by step how to balance out this z pixel
shift.

» Load the image "Hela_DsRed
_RevGFP_Zshift.zvi" via the
function File = Open Image,
or acquire an image with the
camera.

» The image is displayed in
AxioVision’s image window.
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Select from the Processing menu the Geometric functional group, and
then the Shift function.

> You will now see the dialog Shift )
window of the Shift function. —

Automatic Preview

» If the Automatic Preview
check box is activated, the
reduced input and output
images appear.

» Activate Enable channel
selection, so that you can
enter the Z shift for an A] shift, |
individual channel. P

Create new Qff w

b | 6 [»

» Click on Subset to enter the Irput Hela_DsRed_RevGFP_[_]
specific settings in the Select Output Shiftimage

Subset window. Enable channel selection

1|12
P
Shifix 0 N
Shiffy 0 <>]
ShifiZ 0 EN
Subset=0FF

[ QK ][ Cancel H Apply ]

AxioVision User's Guide, Release 4.7 5-17



Image Processing

> Activate only the channel that == - -

you want to be corrected o g EE Q
(channel 2 in the example).

» Deactivate the Copy selected
items only check box, so that
all channels are present in the
resulting image (including the

[[soeara | [umoeaa | | [ seeaa | [unecta | | [ sead | [ussaa |

uncorrected ones). Elcor e
» Click on OK.
> In the Shift dialog window, [“]Enable channel selection

activate the channel to be
corrected (channel 2 in the

example).
e Shiftx 0 <30
> Set the shift for ShiftZ by Shfft*r 0 <>
clicking on the arrow keys, or ShiftZ 05 <5

by entering the values directly.

NOTES:

e The value for ShiftZ always relates to the number of sections by which
you want the shift to be made.

e Example: If ShiftZ is set to the value 5, the stack in the resulting image
starts at section 6. The first 5 sections remain empty, whilst the last 5
sections of the original image are omitted.

If a value of -5 is set, the first 5 sections of the original image are
omitted. The first section of the resulting image is section 6 of the
original image. The last 5 sections of the resulting image remain empty.

¢ ltis also possible to perform a shift by a fraction of a section (e.g. 0.3).
The value to be entered can be calculated from the distance between
the individual sections.
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» Click on the Splitter Display icon @l to display the original and the

result image side by side.

» Choose a z-level in the middle (here 13) using the player.

This is the resulting image obtained.

F IP-Shiftimage-01 *

NEFARIC AL £
gz < i i|_1T
@G (@

=5
Info Vi... | CutWi.. | TreeVi.. | Gallery Vi.. | Colocalizat.. | 20 Wi.. |

NOTES:

¢ Adjust the display characteristic curve in the resulting image if

necessary.
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5.4 Enhancing the Image Display on the
Monitor

The fastest and easiest way to display an image that is optimally adapted
to the monitor is to use the Standard workflow. A description of this
workflow, including all the steps involved in image acquisition, can be found
in chapter 3 "Image Acquisition".

5.5 Drawing in and Formatting Annotations

» Make sure that the Annotations Standard
toolbar is visible: right-click on the main Display
menu or any toolbar and activate -
. . .. . Acquisition
Annotations (a tick must be visible in
front of it). Measure
Microscope
Annotations [
Measure Annotation:
WorkFlow Chrl+B
Workarea Chrliy
Skatus
Customize, ..
> Now activate the |mage into which you | DC¥.zvi ‘ fluorD2.bF | Intmeas.bf | Zylinder.zvi |
want to draw annotations. To do this,
simply click on the image or select it via

the tabs at the top of the document
area.

» From the Annotations toolbar select
the tool you want to use, e.g. the Scale
Bar.

» Now draw in the scale bar: click once
on the starting point, drag out the
desired length and then click on the
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end point.

» To format the annotations (change the
line color, font etc.), right-click in the
image and select Properties,

» Inthe Properties window activate the
Attributes tab.

Full Screen F11

Ruler
Wiew Annotations

B3 show bounding box

%' Properties I\.C\It+Enter |

x4
£ % Attributes || B | rfoHeLa Dsh...

» 4/ 1: Distance

> Select an element from the list.

» Change the Settings for selected
items:
1: Line thickness
Line style
Fill mode
Line type
Line color
Fill color
Text color
Text alignment
Font

CONDIIRWN

Az Tent

Nl

Height:

) |
5
@

SEDQS f@ect@ems@

..... =
= <:>
=

v By a t:v
Sofclolko
Fant: _I
Tag: l—_l

The settings only apply to the selected element. To specify standard

settings, please read the next section.
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5.6 Specifying Standard Settings for
Annotations

» Activate the image for which you want [ DEv.zvi | flornz b | tntmeas bt | 2yinder.2v |
to specify standard settings: simply click
on the image or select it via the tabs at
the top of the document area.

> To enter the settings (line color, font Full Screen Fi1
etc.), right-click in the image and select ol
PrOperties. Wigw Annatations

B3 Show bounding box

IZI Flayer Panel Chrl+L
| Properties [\AIt+Enter |

> In the Properties window activate the ]
Attr]butes tab £ ® attributes || I | Info:Hela_DsR.. |
» Make sure that no elements are > ’K; S |LE"—
selected in the list of annotations and Tap
displayed above the Default settings —
formatting options. widh
—
» Now change the: Heigh:
1: Line thickness |
2: Line style Pisel
3. Fill mode
4: Llne type Settings for selected items:
5. Line color D=0—-G @~
6: Fill color 4 B A.abc,
7. Text color
8: Text alignment Qu® @Qua® |
9: Font . |
NOTE:

e The settings are now used for all elements that are subsequently
drawn in. Saving images in ZVI format, the settings are saved with the
image.
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6. Image Analysis
6.1 General

With AxioVision Version 4 you are now able to perform interactive
measurements in the basic program.

Possible ways to perform measurements

Measurements can, as a rule, be performed in two different ways:

¢ The individual measurement tools, e.g. line, circle etc., can be
accessed via the Measure menu and/or toolbar. Individual values can
be determined quickly using this method.

¢ Via the Measure = Interactive Measurement = Start Measurement
function. This function contains the image to be measured with all the
measurement tools in a single dialog. It is, therefore, particularly
suitable for use in workflows and Commander scripts, and for this
reason is also integrated into the Measure workflow. This method
gives you the option of being led through the entire procedure, from
image acquisition through to the saving of the image, via measurement
and evaluation.

Conditions for measurements

Allocation of scalings

To obtain measurement values in real units, you must have allocated the
correct scaling to the image you want to measure. This usually takes place
during image acquisition (see chapter 3 "Image Acquisition").
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If the selected image does not have a scaling

If a scaling has not been allocated to the image you have selected, you can
allocate one now:

Make sure that the image is selected (simply click on it).

From the Measure menu, select the Scalings function.

Select the corresponding scaling from the Scalings Control list.
Click on the Apply scaling to image button.

Displaying measurement data

The measurement data can be displayed in different ways:

In principle, all measurements are displayed in the graphics plane as
annotations. Which measured values are displayed for the relevant tool is
freely configurable (please also see the "Configuring measurement tools"
section). The display itself (color, line thickness etc.) can be formatted via
the View = Properties = Attributes dialog.

If you use the View = Properties = Measurement dialog, the measured
values are displayed in table form. In this dialog you also have a direct link
between the table of measured values and the image that is currently
selected. This means that when you activate a tool in the image, the
corresponding values are automatically displayed in the table, and vice
versa.

Saving data

Saving measurement data

The simplest and most convenient way to save the data is to save your
images in AxioVision ZVI format. This is because this format saves the
measurement data together with the image. Consequently, all data (pixel
data, measurement data, annotations etc.) are present in the image file.
There is no need to perform an additional saving procedure.
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If you save your image files in an external format (BMP, JPEG etc.), the
measurement data, together with all other additional information
(annotations, acquisition data etc.), are saved in a separate file. As long as
you open the images using AxioVision, the data in this separate file are
automatically read in again and displayed. Read also section 7.2 "Saving
2D Images" in chapter 7 "Documentation”.

Saving as separate data table

To save the measured values in a separate file, you should use the
Measure = Create Data Table function. This function writes the
measurements relating to the selected image in a data table. This data
table is a completely normal document in AxioVision and can then be
saved as a file. The data table no longer has a direct link to the image. To
combine the values of several images in a single file, the Measure =
Append Data Table function can be executed.

Configuring measurement tools

The interactive measurement tools can configured to your own
requirements. Using the Measure = Interactive Measurement =
Configure Measurement Tools function, you can generate configurations
for the application scenarios of your choice. In a configuration you can
determine which measurement parameters should actually be measured
for a measurement tool and then displayed later in a data table, and which
measurement parameters should be displayed in the graphics plane. A
measurement can then be loaded via the Measure = Interactive
Measurement = Load Configuration function. The defined settings are
automatically active for a special measurement application. You can
specify the default behavior of the measurement tools in the same way.
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6.2 "Measurement" Workflow: Easy and Save
Measurement

The easiest way to perform interactive measurements is to use the
Measure workflow. This can be found on the Workflow. If the workflow is
not displayed, in the View menu select the Windows list, and there select
the Workflow command.

NOTES:
e The Workflow may in fact be open but covered by the Workarea. If
that is the case, simply click on the Workflow tab at the bottom edge of

the work area: O woarkarea EIr@orkﬂow )
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Measure workflow: overview

Live opens and closes the Live
window.

Live Properties displays a window
containing the camera parameters and
the display characteristic curve.

Snap acquires an image using the
active camera.

Show Properties opens the image
Properties dialog window with the
property pages Display, Attributes,
Color, etc.

Scale bar inserts a scale bar.

Draw Annotations inserts annotations
into the acquired image.

Load Tools opens a dialog to select
and activate a specific configuration.

Start Measurement starts the
measurement.

Save saves the image.

Measurement

Live

)

Live Properties

(ca

Shap

=

Show Properties

R

Scale bar

>

Drravs Annatations

7

Load Tools

7

Start Meazurement

A

Save
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Executing the Interactive Measurement Function

Go through the toolbar function by function:

Acquire an image, or load an image from the hard drive.
Adapt the display on the monitor.

Insert a scale bar, if necessary.

Draw in annotations, if required.

Load a measurement tools configuration.

The next button starts the interactive measurement.

>

Start the Start
Measurement function. ﬂf

Start Measurement

Perform any -
measurements by 10060600,
selecting a Ele <
measurement tool from :
the toolbar.

Distance
Circle

Curve

Curve (Spline)
Angle 3

Angle 4
Events = —

Noghrodb

The measurements are performed directly in the image. Click on OK.

Now save the image

with the measurement H
results via the Measure Sers
workflow.

M 60-4-0004 e / printed 05.2008



Image Analysis

Display and export measurement data

The measurement data from an image can be

e displayed as a list;

e exported into an Excel-compatible text format; or

e combined with the measurement data from other images to perform an
overall evaluation.

> Select the function # Profile
Measure —Create Pairits b
Table. ;
Interactive Measurement 4
Cnline Measurement 4

Interactive Measurement Programs  #

& Create Table... I
W

& 2ppend Table...

asutomatic Measurement 4
asutomatic Measurement Programs #

23 Scalings

Automatic Scaling
> If you do not save your N -

i i # | Tool Feature Unit Value
images in ZV| format, b1 Outinespine ares wmi 1asehas
expor‘t the 1 Oudine Spline  BoundWidth  pm 409,14
1 ©utine Spline  BoundHeight  pm 417.77

measurement data by 1 outine Spline  Perim Jm 1467.33
. . 1 oOutline Spline  DensMeanR.  Grey 125,51
C“Ck|ng on Save 1 Outine Spline  DensMeana  Grey 104,91
1 oOutine Spline  DensMeanB  Grey 87.45

1 oOutline Spline  DensStdR Grey 34.15

. . . 1 Outline Spline  DensStdG Grey 43.62

> To exit the dlalog, click | Outline Spline  DensStde Grey 46,83
2 Circle Area pm? 104906.65

on Close 2 dircle Centers m 320,04
2z circle Centery um 755,42

2 dircle Diameter um 365,47

2 dircle DensMeank. Grey 92,97

2 dircle DensMeanG  Grey 84.75

2 dircle DensMeanB  Grey 69.78

2 dircle DensStdR Grey 3816

2 dircle DensStds Grey 35,70

2 dircle DensStdE Grey 33.58

3 Length Distance um 712,45

AxioVision User's Guide, Release 4.7 6-7



Image Analysis

6.3 Sorting and performing calculations with
measurement data

The interactive and automatic measurement functions produce
measurement data tables which, as a rule, contain raw data. In the
AxioVision menu Evaluate, a range of analysis functions are available to
allow you to process these data.

To measure several images in a measurement loop, you need to
accumulate all the measurement data in a data table (Append table
function). This measurement data list can be used to calculate statistical
values, such as the mean and standard deviation (Calculate statistical
values function), or to classify the measurement data (Calculate
classified table function).

It is also possible, however, to combine individual columns from the same
or from different data tables in the form of a new data table (Concatenate
table function). In many cases you will need to filter out only specific
measurement values from a data table, e.g. only the measurement values
of the FITC channel (Filter table function), or to perform calculations using
the measurement values of different columns (Calculate table columns
function).

To obtain a clear presentation of the measurement data from time lapse
images, the pivot table (Calculate Pivot table function) is a useful tool.

Note:

e Sample scripts of all evaluation functions can be found on the product
DVD.
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6.4 Creating Data Reports

Madifying and creating report templates with
the file extension ZDR

A report is used for printing out images, sample information, data tables
and histograms. A template, in which the layout and formatting for the
individual report elements (image, data table, etc.) are defined, always
forms the basis for a report.

In AxioVision, a selection of sample report templates is available and can
be found in the folder "C:\Program Files\Carl Zeiss Vision\AxioVision
4\0009\Templates\DataReportTemplate". All reports have the file extension
*.zdr and can be modified for a specific application.

Please also read the section "Modifying a report template" and "Creating a
report template" which you will find further down this section.

Newly created files or modified files are saved in the user folder "Users/My
Documents\Carl Zeiss\Templates\Data Report Templates" or in the work
group folder "All Users/Shared Documents\Carl Zeiss\Templates\Data
Report Templates”. Reports will be connected to the respective documents
(images, data tables):

e with an archive
e with a folder
e with a gallery

To create a report correct links are mandatory. If you move the documents,
which are linked to the current reports to another location, the links in the
report have to be updated accordingly.

Note:

e A description about reports with the file extension ZVR can be found in
chapter 7.3 " Generate, print and export reports with the file extension
ZVR".
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Report templates toolbars
O3 9o ¥HEXH
BT L sk =B

=\ A A @ B3 in

The meaning of each icon will be displayed when you move the cursor on

one of the icons.

Modifying a report template

The following example will show you how to modify an existing template for
another application (displaying user data and an image) and save it as a

new template.

» First enter your user data on the Tools menu = Options = ID.

» Use Snap to acquire an image with the camera.

> From the File menu, select the New function, and then activate the
Reports (zdr) tab sheet. Select the Timelapse template. Then click on

B New E|
) Archives E Reports (zdr) | @ Rreports (zvr) |2 Forms
Mame Title Subject Description Filename 5
ﬂ Blank otk Axioision R eldS Appi WO
ﬂ Default ok Axiotisiond R el46 Appl wWaF
mlmag3+Datatable+... Chworkl AxioVisiond\Rel46Appl WOF
@Imaga+DatatabIe+... Ciworkl Axioisiond R el46appl WO
ﬂ MMI hworkl Axiotisiond \Rel46Appl WOk
@Particlannalyzer otk Axioision R eldS Appi WO
ﬂ Farticlenormal

[Fvme 19 - 150 1623, .
[=]wpa 19 Standard
ﬂ Auto

ﬂ Chord
<

ol Axiotisiond R el46 Appl WO
C ) AxioVisiondiRel46App]

Ciworkl Axioisiond R el46applWOFR
hwork) Axiotisiond \Rel46Appl W oF
otk Axioision R eldS Appi WO
okl Axiotisiond |Rel46 Appl W OF v
»

O ] [ Cancel ] [ Apply I
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» The report is now displayed in the Edit mode.

B Timelapse1 =

Telephone: | |
-]  Fax: | |
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» With the left-hand mouse button depressed, drag out a rectangle over
all image fields, in order to select these fields.

Fﬁéﬁﬁé'l'riéirﬁé F B b Fﬁéﬁﬁé'l'rié'rﬁé F B b

» Press the Del key to delete the selected fields. Click on and
create a large image field.

» Now show the property window by clicking on the icon.
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>

In the Data field, select Connect to Gallery under Data Connection
and [Active Image] under File. The original image now appears in the

image field.
= Image Properties |§
working Object
|ﬂ Image10 v|
®
Mame Imagell
Left 1.32
Top 5.29
Width 11.11
8.73

Height

Data Connection

Connect bo Gallery

File

[Active Image]

File Field

Enable Subset

O
z ]
T ]
Channel Mask Meutral

Description:

AxioVision User's Guide, Release 4.7
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» Adjust the size of the image field to the size of the image.

Telephone:
Fax:

» Use the @ icon in the toolbar to switch to Preview mode to allow you
to check the report. Then use the icon to return to Edit mode.

» The new report template can be saved and a name entered, e.g.
"Image+userdata”, using the Save Report As Template function on
the File menu.

Note:
e The information relating to the user, company and address only
appears if this has been entered on the Tools menu = Options = ID.
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Creating a report template

The following example shows you how to create a template for a z-stack
from an empty layout. The images of individual z-planes are displayed with

focus positions as annotations.

» Use the Open Image function on the File menu to load the image
"Trypanosoma_DVC.zvi" from the product DVD.

» From the File menu, select the New function, and then activate the

Reports (zdr) tab sheet.

» Select the Blank template and then click OK. To see a preview of a
template, click on Apply. The corresponding template is then opened
without the New dialog being closed.

» An empty layout is now
displayed in Edit mode.

» Click on @I drag out a

text field in Section1 and
position it in the top part of
the report. A description
field automatically appears
next to the text field.

‘abal

AxioVision User's Guide, Release 4.7
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» Now click on any position
in Section1 outside the
text field / label field.

» Click on the text field to
position it in the desired
location, independently of
the label field, and, if
necessary, to adjust the
size.

» Double-click on the text in
the label field and replace it
with the text "Sample". To
change the display of the
word Sample do the
following:

» Click on to open the

property window for the
label field.

> In the Format field, select
14 and Bold under Font.

Sampl

!

& Label Properties

‘Working Object

|A' Labell v|
Mame Labell

Left 1,06

Top 0.53

Width 1,59

Gemat
Text Sample
Alignment Left
Font Tahama ah
Text Color W rE 0,00 Hil
Background Color [ re (255,255,... | 5%
Description:
Faont
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» Inthe Working Object
field, select the TextField1
function from the drop-
down list box.

» In the Data field, select
Connect to Gallery under
Data Connection, [Active
Image] under File and the
file DocumentFileName
under File Field.

> In the Format field, select
12 and Bold under Font.

& Text Field Properties

‘Working Object

IE TextFieldl

Mame TextFieldl

Left 4.76

Top 0.53

wifidth 5.03

Height 344

. @
Data Connection Connect to Gallery

File [Active Image]

Filz Figld DocumentFileMarme

Daka type Text

Enable Subset O

z n]

T u]

Channel Mask Texasred

Alignment Left

Font Tahaoma ab
Text Color W s (0,000 i

Background Color

[] raGE (258,255, .. |1

Description:
Fonk:
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» Use the @ icon to switch to Preview mode to allow you to check the
image name in the text field.

E Blank1 *
DEIEmE X422 KA > M
m:“: VUL o 1 'y
Page 1 af 1 ”Zooms the report autn:| |Ternplate - Blank. zdr

» Then use the icon to return to Edit mode.
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» Click on and insert a new section below Sectionl. Now increase

the size of Section?2 of the report by positioning the mouse on the

bottom edge and dragging downwards with the left-hand mouse button

depressed.

B Blank1 *

DR v veExBLE v arEEEL EEE

|# em

CEX

> Click on @ and insert a new image field.

> In the Data field, select Connect to Gallery under Data Connection

and [Active Image] under File.

AxioVision User's Guide, Release 4.7
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» Right-click in the image field. The image field’s shortcut menu opens.
Here select the Copy function.

» Click on any position in Section2 outside the image field, right-click
and select the Paste function from the shortcut menu.

» Create further image fields in the same way until four images are
present. Drag it to a position of your choice.

T =T
O 9o ME@axRL e\ ArENEE [EE
s
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» Click in the first image field and, in the Data field in the property
window, select Connect to Gallery under Data Connection and [Active
Image] under File.

> In the Subset field, activate Enable Subset, select the value 3 under Z
and select all three channels under Channel mask.

» Carry out the same procedure with the other three images, entering the
values 7, 11 and 15 for Z. The individual focus positions are now
shown directly in the images.

B Blank1 * (=19
OR 9 MEaxBLE|\AEEGEME (@
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» Use the |3 icon to switch to preview mode to allow you to check the
report.

& Blank1 *

DElRWEXAALAR KA M

Defad Heal Coplen

Sampl W ZHLBOI08  guest',

Defad Foxdes Copen |

Page 1 of 1 | zooms the report automa Template - Blank, zdr

» The new report template can be saved and a name entered, e.g. "z-
stack”, using the Save Report As Template function on the File menu.
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Creating reports with the extension ZDR,
printing them and saving them as a PDF file

Creating a report for an image

This example shows you how to incorporate an open image into a report
and display it with the associated microscope and camera information.

» Use the Snap function to acquire an image with the camera, or load an
image from a storage medium using the Open image function on the
File menu (for example, load the image "Cat-Cerebellum(1300).zvi"
from the product DVD.

» To create a report, select the Create Data Report function on the
Evaluation menu.
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» In the dialog window, select the
Connect to Gallery function via the
Connection drop-down list box in the
Create Data Report field.

» In the Template drop-down list box
select the template 1image.zdr.

» In the Report text field enter a name
for the report to be created, e.g.
"Testreport1".

» Click on OK.

» The new report is displayed and you

can save it using the Save Report As
Template functions on the File menu.

Notes:

B Bericht erstellen

[ Bericht erstelen |

Eericht erstellen

Verbindung Verbindung zur Galerie v

EuEas2 KM

[CJEntwrfsmadus

Ok ] [ Abbrechen ] [ Ausfiihren

“worschau

&3

e The microscope and camera information only appears if the camera
and microscope were connected and configured in MTB2004 prior to

image acquisition.

¢ When the report is saved, the files linked to the gallery (images, data
tables) are automatically stored in a folder with the same name as the

report.
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Adopting a new image into an open report template

The following example shows you how to replace an image presentin a
report with another image.

> You can work through this example after you have followed the
example in the section "Creating a report for an image".

B Testbericht1 *

nERwE LR KA M

Thet Material sample

Datum: 06,05, 2008 14:07:32
Gisess (Byte) 1305500

Kommentar: Raflected light

Hikroskop:

Objehtiv
optovar
Reflehtor,
Kantrast;
Kamera
Belichtungueei ms]

Autnabredatum; 15.08.200414:10:08.

e 2am
[rm 7 X s il
Shabenngstablorx: 0,04 Hullster £ bl
Stakemngstaktory: 0,08 Mutimeter £ et
ShabenungslaklorZi 1,60 Pl £ bl

Seite 1 von 1 Passt den Bericht automatisd Vorlage - 16ild.2dr

» Use the Snap function to acquire an image with the camera, or load an
image from a storage medium using the Open image function on the
File menu (for example, load the image "Trypanosoma_DVC.zvi" from
the product DVD).
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» If you click on the opened report the current image will be adopted.

B Testbericht1 *

DRIEmE &L LK 4> M

Material sample

06.05.200814:07:32

130600
Retecte ot
[rrsm— 15.09.2004 141009
e nm
magote - . s et
St 008 Mtitar o
Sbogtor: 008 Mtitar o
Skobenogtaktorz 1,00 el et
Seite 1 von 1 | Passt den Bericht automatise torlage - 16id.zdr |

» The modified report can be saved using the Save or Save As functions
on the File menu.

6-26 M 60-4-0004 e / printed 05.2008



Image Analysis

Printing a report

The following example shows you how to print out a saved report or one
that you have just created.

» Activate the report you have created by clicking on it or open a saved
report using File menu = Open Report.

» From the File menu, select the Print function to open the standard
dialog for printing documents.

» Enter the desired settings and click on Print to print the report.
Saving a report as a PDF file

The following example shows you how to create a PDF file from a saved
report or one that you have just created. This can be sent and printed out

again at any time on any system.

> Activate the report you have created by clicking on it or open a saved
report using File menu = Open Report.

» From the File menu select the Save to PDF function.
> Under File name enter the desired name and click on Save to save the

report as a PDF file. This report can then be opened using Adobe
Acrobat Reader.
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Creating a report for a multichannel fluorescence

image

The following example shows you how to display a pseudo color image and
the images of the individual fluorescence channels with the corresponding
channel names for a 3-channel fluorescence image.

» Use the Open Image function on the File menu to load the image
"CHO-3-channel_fluorescence.zvi" from the product DVD.
Alternatively, you can also use another 3-channel fluorescence image.

» To create a report, select the Create Data Report function on the

Evaluation menu.

» In the Create Data Report field,
select Connect to Gallery from the
Connection drop-down list box.

» In the Template drop-down list box
select the template
3channelfluorescence.zdr.

» In the Report Name field enter a
name for the report to be created,
e.g. "Testreport4".

> Click on OK.

B Create Data Report &l
Create Data Repart. |
Creats Data Report
Connection Conngct To Gallery v
Template =] schanneffluaresce v | |

Report Mame Testreport4
[[15how in Edit Mode:

Preview

REEXEALKAP M

[ QK ][ Cancel ][ Apply
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» The new report is displayed and you can save it using the Save or
Save As functions on the File menu.

B Testreportd *

Page 1 of 1 ”Znnms the report autnr”Temp\ate - 3channelflucrescence.zdr

Note:

o When the report is saved, the files linked to the gallery (images, data
tables) are automatically stored in a folder with the same name as the
report.
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Creating a report for a time lapse image with two
fluorescence channels

Note:

The information relating to the user, company and address only
appears if this has been entered on the Tools menu = Options = ID.

The following example shows you how to display the images of individual
time points for a 2-channel time lapse image.

» Load the image "Yeast-GFP-DIC_Timelapse.zvi" from the product
DVD. using the Open Image function on the File menu. Alternatively,
you can also use another 2-channel time lapse image.

> To create a report, select the Create Data Report function on the
Evaluate menu.

> In the Create Data Report field, select Connect to Gallery from the
Connection drop-down list box.

» Inthe Template drop-down list box select the template Timelapse.zdr.

» Inthe Report Name field enter a name for the report to be created,
e.g. "Testreport5".

» Click on OK.

» For the two channels (DIC, FITC) the time points 0, 10 and 19 will be
displayed in the report.

» The new report is displayed and you can save it using the Save Report
As Template function on the File menu.
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B Testreports *

DEEmE X L2 K> M

[

————
Umrin:
Umr:

et Tk Goprr

Page 1 af 1 Zooms the repart auto Template - Timelapse.zdr

Note:

¢ When the report is saved, the files linked to the gallery (images, data
tables) are automatically stored in a folder with the same name as the
report.

Creating a report with an image, data table and
histogram

Sample scripts can be installed from the "Report Script Examples" folder of
the product DVD. by launching the setup.exe function. The sample images
are copied to the workgroup folder "My Documents\Carl
Zeiss\Documents\images".

The following example shows you how to present the data of a
measurement in a report with output images, a statistics table and a
histogram.
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» Carry out the measurement for a
number of images. To do so, select
the Repeat script function on the
Commander menu.

Commander | Applications
Scripts 4

B script-Information |

m
-]

!

Run scripk Fa

Repeat scripk F10

Scripk-Editar Ckrl+E

Options

In the Select Source field select from the drop-down list box Folder,

directory "My Documents\Carl

.ziscript" and then click on

>
from the drop-down list box Look in the
Zeiss\Documents\images" and mark the two images "round1.zvi" and
"round2.zvi".
» Select in the Script selection field the sample script
"AV46Example11a-Evaluate_batch_EN
Start.
#; Baich processing @@
Select source:
Folder R
Suchen in | () Images ~3 3 2 E
2ChannelTimelapse.zvi
[ raundt zvi
B roundz.zvi
Dateiname: v
Dateityp: All Picture Files [* zvi: " avi; * brp; "Hf: "jpg: ™2k ".jp2: ".gif. "t %
Script selection
8 Av46Examplel 1a-Evaluate_batch_EN v
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To create a report, select the Create Data Report function on the

Evaluate menu.

In the Create Data Report field,
select Connect to Gallery from the
Connection drop-down list box.

In the Template drop-down list
box select the template
Image+Datatable+Histogram.zdr

In the Report Name text field
enter a name for the report to be
created, e.g. "TestreportA".

Click on OK.

B Creato Data Report E

) Crests Dot Repeet |
Crests Dot Report
Conrection Connmct To Galery -

Terrgaatn 2] tragmatat ot et bt g nem. | >
Rieprt B
[ St i Bt Mcxder

Freven

Ruesscrnr kaeM

wm | em | em
= | w= | wm =T

W
<

Diameter classification

%
& L LT
; I Ciass 2 B Class® 0 Olaes10)
9 Claas3 1 Clans 7

ot | Dot b | 0 10 4 [ Class ©
Dismater -

Count

Lo JC comn J[ o ]
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» The new report is displayed and you can save it using the Save Report
As Template function on the File menu.

B DataReport5 *

D EuEARR( KA M

Size Distribution:

Statistic table

Description Arez Peri mater Dizmeter Formeirele Densitoretricmean
[ ] fum]
Minimum | 15854.8 487 .07 142,08 026 88,20
Maximum | 388871 75425 22251 096 102,78
Mean  |28735.0| 65846 190,42 092 86,33
Count 441,00 41,00 41,00 44,00 41,00
Sum 117813 | 2699702 7807 22 37 .88 3539 67
Sthew 5377 24 B4 .65 18,30 o0z 288
Diameter classification
[
& M Clas=1 M Clsss6
=4
g M Class2 [ Class 7
2, by [ Clase s M Class 2
o [7] W Class 4 10 Clas=9
Count [ Diameter [um] ] M Classs Class10)
Diameter
Page 1 of 1 Zooms the report automaticaly | Template - Image+Datatable-+ Histogram zdr

Note:

e When the report is saved, the files linked to the gallery (images, data

tables) are automatically stored in a folder with the same name as the
report.
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Creating a report with saved data tables

Sample scripts can be installed from the "Report Script Examples" folder of
the product DVD. by launching the setup.exe function. The sample images
are copied to the workgroup folder "My Documents\Carl
Zeiss\Documents\images".

The following example shows you how to perform a measurement with a
Commander script, display the measurement values that are saved in files
in a two-page report and automatically save this report both in ZDR format
and as a PDF file.

» Carry out the measurement for a number of Commander | Applications
images. To do this, select the Repeat el v
script function on the Commander menu. . :

B script-Information |
‘."'; Run scripk Fa
&y Repeat scripe F10
IS script-Editor ChrE

Oplions

» Inthe Select Source field select from the drop-down list box Folder,
from the drop-down list box Look in the directory "My Documents\Carl
Zeiss\Documents\images" and mark the two images "round1.zvi" and
"round2.zvi".

» Select in the Script selection field the sample script
"AV46Example12a-Evaluate_batch_EN.ziscript" and then click on
Start.
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5 Batch processing

Select source:

|FOIder w
Suchen in: |@Images V|J ¥ = m-
2ChannelTimelapse. zvi
rn:nuru:ll. i
raund.

9|

Dateiname: |"r0und1.zvi""round2.zvi"

D ateityp: |AII Ficture Files [*.2vi; ".avi; ".brp; “tif: jpa; *.j2k: "ip2; *.gif: "t » |

Script selection |

84 pv4cExamplel 2a-Evaluate_hakch_EM v | Info

Start ] [ Cancel
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» The script automatically saves the RIEERIETE X
generated raw-data, class and S

statistics tables in the directory ﬂ

C:\guest and opens the Create =

Data Report dialog. 2
1] Crmabe Diala Prapunt.

» Inthe Template drop-down list S [comest o Ptr L
box select the template . e~ = j
3datatables.zdr. Fapr e Tesuesan

[ St i Edk Mo

Frevw

» A report with three data tables will - _
Ragxsr KarM

be created automatically.

> Click OK.
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oOFEemAsL Haw kM oOFEemAsL Haw kM

iiiiiia‘i%ii

|

Note:

e When you are using a report template that contains file links to a folder,
the linked files need to be retained if the report is to be printed out
again at a later point in time.

Creating a report with files from an archive

Sample scripts can be installed from the "Report Script Examples" folder of
the product DVD. by launching the setup.exe function. The sample images
are copied to the workgroup folder "My Documents\Carl
Zeiss\Documents\images".

The following example shows you how to display images and
measurement values saved in an archive together in a report.

> First, use the New function on the File menu to create a new Asset
Archive with the name "Test" in the folder C:\guest.
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W SOL based Archive

Mame: oK

| Test |

Warking Folder:
Ciiguest

® C:\guestiTest.zva

p-HAEFKAPHXxEET D

E=]
_J Examinations
185 Contacts
"3 Categories
373 search

» Create a new project with the name "P0001" using the Add New
Project function on the Archive menu, using the template Default.
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Add New Object 3
Project
ProjectID.: MPooom [ Status: 0 - Naot Started
Description:
Date: 19-Mar07 13:42:13
Comment: Contact:
» Carry out the measurement for a number Commander | Applications

of images. To do this, select the Repeat

script function on the Commander menu. Scripts 4

Script-Information |

Fun scripk F2
Repeat script F10

E FF G

Script-Editor Ctrl4+E

Opkions

» Inthe Select Source field select Folder from the drop-down list box,
from the drop-down list box Look in the directory "My Documents\Carl
Zeiss\Documents\images" and mark the two images "round1.zvi" and
"round2.zvi".
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» Inthe Script selection field select the sample script

"AV46Example13a-Evaluate_batch_EN.ziscript" and then click on

Start.
35 Batch processing E]
Select source:
‘Fo\der V|
Suchen in | |23 Images V| ¢ ¥ £ -
Dateiname: |"mund1 2ol round2 zvi'" V|
Drateityp: |A\I Picture Files [*.zvi; " avi; ".bmp; “tf; “jpg; *.j2k; ".ip2; ".qif; "t » |
Script selection |
3 av4eExample] 3a2-Evaluate_batch - | Info

» Inthe menu Commander = Scripts = Workgroup open the file

"AV46Example13a2-Evaluate_batch.ziscript"

> Click OK.
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AV46Example13a2-Evaluate_batch

AV4eExamplel 3a2-Evaluate_batch |

1]_Senden an Asset Archivi

X

Dokumentname Dirawlmage E]
Archivhame Testzva E]
[(2) Senden an Aszet Archiv

D okumentname StatisticT able [:]
Archivhame Test.zva E]
[3] Senden an Asset Archiv

Drokurnentnane ClazsificationT able E]
Archivname Testzva E]

[ oK ] [ Cancel ] [ Apply

|

» Allfiles, created with the script are saved automatically in the project

"00001" of the archive.
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To create a report, select the Create Data Report function on the

Evaluate menu.

In the Create Data Report field,
select Connect to Archive from the
Connection drop-down list box.

In the Template drop-down list box
select the template
Image+Datatable+Histogram_
Archive.zdr.

In the Report Name text field enter
a name for the report to be created,
e.g. "TestreportB".

Click on OK.

Save As functions on the File menu.

B Create Data Report

] Craste Diata Reprt |
Craste Diata gt
Connecton Cornect To drchive

Archive prject I FOOGOL

Template ] imogesistarable-+tistogram_Archiv.ad
Rpert Mo

] Show in Edk Mode.

Provoms

RuUExrrrz K4

Lo J| caxs

Ay

» The new report is displayed and you can save it using the Save or

AxioVision User's Guide, Release 4.7

6-43



Image Analysis

B patafteports =

DDEEE£82 KM

Statistic table

Ousceiptcn | avas i | P | BARRE | ormeincs i
Misimum | 1505404 | 40707 4200 a8 k)
Masimem | 3488710 | 70438 | azast [ 10278
Maan WIWE04 | 88048 A a5 8.3
Caunt w100 w100 4100 4100 W
Bum nrgvmas| meeror | reoriz Iroe Fmar
Smec | swras | aps i o0 1]

Urameter classilicalion

foge 1ot Zpoms the report automaticaly Templake - [mage s Datakable +Histogram_frchee.zde

Note:

¢ When you are using a report template (e.g.
Image+Datatable+Histogram.zdr) that contains file linked to a project
within an archive, the linked files need to be retained in this

archive/project, if the report is to be printed out again at a later point in
time.
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7. Documentation

7.1 General

Documentation is probably the most important part of your work. This term
is often used to cover a number of different procedures:

In one case it may simply be a question of saving image files under a
definable name; in others it may be a question of storing additional
information with the images, so that the conditions of acquisition can be
traced and recreated identically, or so that individual images can be found
again quickly using this additional information.

Even in the basic version of AxioVision, the Image Browser offers a wide
range of options that enable you to manage your images efficiently.
Additionally you can save your images in a folder-based archive.

Via the AxioVision module Asset Archive, you can archive even extremely
large quantities of data.

NOTES:
¢ Important information about "Saving" can be found in chapter 8.2 "User
and File Administration".
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7.2 AxioVision Z2VI - the Image Format for
Digital Microscopy

Advantages of the ZVI format

The AxioVision ZVI image file format is central to documentation with
AxioVision. Compared to external formats, such as BMP, JPG, TIF etc., the
ZV| format offers you numerous advantages:

e Saving without loss of quality. AxioVision also saves the current
display settings for brightness, contrast and gamma value, without
modifying the original data. You can, therefore, reactivate the original
display of the image at any time. For external formats, you either have
to go through the laborious process of finding the relevant display
again or the pixel information has to be saved in modified form.
However, in this case the original data are lost.

e Incorporation of additional data (e.g. microscope and camera
configurations, comments, information on the sample etc.).

e Separate saving of image and annotations. This means that
annotations can also be changed or deleted at a later time. When
external formats are used, annotations have to be "burnt" into the
image. However, they can then no longer be deleted or changed. In
this case, of course, the pixel data beneath the annotations are
overwritten.

e Incorporation of measurement data for interactive measurements
into the image file.

e Management of all data in a single file. This makes it much simpler
to handle the files, particularly when working with multidimensional
images. If you use external formats, every single image has to be
saved separately. This can quickly result in several hundred individual
image files.
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None of the above features are available with other formats. In short, the
ZVI format has been specially developed for use in the field of digital
microscopy. This is not the case with any of the other formats.

Saving 2D images

AxioVision gives you the option, for images saved in external formats,
saving all additional information (additional data, annotations, interactive
measurements etc.) separately from the actual image data. An additional
file is created, containing these data, for each image. The format of the file
is XML. This XML file is saved in the same folder as the image. The name
of the XML file is composed of the name of the image + the extension +
"XML". Therefore, if the saved image is called "Testimage.jpg", a file is
generated with the name "Testimage.jpg. meat.xml", which then contains
all the additional information.

When you open an image with AxioVision that has been saved in an
external format, the system will always check automatically whether a file
containing the corresponding additional data is present. If one is, these
data are read out and displayed accordingly. Of course, this only applies if
you are working in AxioVision. When you open an image such as this in a
different image processing program, the image is displayed without the
additional information.

To save an image with a format larger than 8 bits such that it can be
displayed in another application program just like it is displayed in
AxioVision, we recommend that you activate the Apply display mappings
check box when saving the image (File = Save As). Please note,
however, that this will change the pixel values.
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Saving multidimensional images

In principle, multidimensional images can be saved using the standard
function for saving images (File = Save As). Images can also be saved in
external formats using this function. For multidimensional images, however,
all single images then have to be saved in separate files. In order to retain
an overview, only the first image is saved under the specified name and
folder for each multidimensional image. A separate subfolder is created for
the single images that belong with it:

Tdarne

[)Mosai¥ TMA.jpg Files
| Mosait: TMA . ing

MosaiX image saved as a jpg file. The single images are saved in the
"MosaiX TMA.jpg_Files" folder.

An XML file with the additional information is also saved in the folder with
the single images. The XML file containing the additional information
always bears the name "_Meta.xml":

X Mame

=) Images - |
3 Masaixt TMA.ipg_Files EJMosaix TMA pO0.ipq
|59 Mosaix TMA po1.ipg

| Mosaiz: TMA p02.ing

| Mosai: TMA p03.ing

|59 Mosaix TMA po4.ipg

| Mosai: TMA p0S.ing

| Mosai: TMA pl6.ing

|59 Mosaix TMA pO7.ipg

| Mosai: TMA p0E.ing

| Mosai: TMA p09.ing

|59 Mosaix TMA p10.ipg

Subfolder containing single images and XML file
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When you open an image with AxioVision that has been saved in an
external format, the system will always check automatically whether such a
folder is present. If one is, the single images are read out and combined to
form a multidimensional image. In the course of this process, the
information from the "_meta.xml" file is analyzed.

NOTE:

e The File = Export function offers special functions for saving
multidimensional images. These include, for example, functions for
generating video formats or special functions for saving multichannel
fluorescence images.

7.3 Managing Images with the Image File
Browser

The Image File Browser allows you to display the images contained in the
folders on all of your PC’s drives as a gallery or list, or with a form for
entering additional data; you are able to search for and load images and
view a slide show. The image browser is a convenient, easy-to-use tool to
help you manage your images.

To open the image browser, select File = Image File Browser.
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The Image File Browser window

' Image File Browser X

(& Deskiop
-1 Arbeitsplatz
[} Systemsteverung
S 2ve-Diskette (40
% Lokaler Datentrager (C1)
“e Lokaler Datentrager (D)
L CO-RWw-Laufiverk (1:)
B Metzwerkumgebung
Eigene Dateien
3 Carl Zeiss
{C3) Downloads
2} Eigene Bilder
|31 Eigene eBooks
I3 Eigene Maps
Eigene Musik
{3 FinePrint-Dateien

= Meine Shapes

{3 Meuer Ordner

|3) PDF-Dateien
(3 Updaters

o x

2 Papierkorb

) NW-ISG

FaodKddPIXTaETI

05140%0, TIF

| MALIS1_5AG...

#

radialarial.zvi

-

béartierchen,...

pleurosigma. ..

Vi

CETZ.TIF

pleurosigma. ..

—

&

Faraminifera...

radl, TIF

SILVERGRAL..

®anthoria_p. ..

alUge_vor_s..,

Desmidiacea. ..

Malvengriffe. ..

rad_result.tif

skern_war_s...

F.3

The left-hand side shows your system’s folder structure, in the familiar

Microsoft Windows Explorer format.

The Image File Browser can be operated fully using the functions on the

toolbar.

If you select a particular folder, all the image files it contains are displayed
automatically in the selected mode (here Gallery mode).
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The functions of the Image File Browser toolbar

B0 dKJPRxEzsT T

2]
-
&
&)
K

H X ¥ w

bt

TIH]

5]

¥

Refreshes all views.

Opens the dialog window Scan drive.
Creates a new folder or edits an existing one.
Loads the selected image(s) from the archive.

Moves to the first record.
Moves to the previous record.
Moves to the next record.

Moves to the last record.

Deletes the currently selected record.

Selects the Data Grid mode.

Selects the Form mode.

Selects the Gallery mode.

Runs the slide show using all records. To stop the slide show, press
the Esc key or right-click in the image and deselect Slide show.
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1 Runs the slide show using selected records. To stop the slide show,
*  press the Esc key or right-click in the image and deselect Slide
show.

Change the form for data entries

A form is used to enter data and to display information on the monitor.

To display image information and enter additional information switch to the

I
« |

Form view by clicking on the = icon. In the Form view, the form
"Archive.zvf" is used:

Title: 0214041
Filename: 031401 TIF
Date: 25.03.2002 11:23:31
Size (Bytes): 2816055

Subject:

Keywords:

Comment:

Microscope:
Objective:

Optovar:

Reflector:
Condenser Contrast:
Camera:

Exposure time [ms]:

Acquisition date:

Image format: 24 bit RGB color

Image size: 1116 ¥ (340 Pixel

Scaling X: 1 Pixel ! Pixel

Scaling ¥: 1 Pixel ! Pixel

Scaling Z: 1 Pixel ! Pixel 3
< >

The form "Archive.zvf".
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This form must be in the folder "C:\Programs\Carl Zeiss
Vision\AxioVision4\0009\Templates\Form".

To use a different form for the form view in the Image Browser, generate a
new form on the basis of the installed templates, and save this form in the
folder mentioned above.

>

>

From the File menu select the New function and there the Form tab.

Select one of the templates and click on OK. To see a preview of
templates, click on Apply. The corresponding template is then opened
without the New dialog being closed.

Now select the Save As function from the File menu, and go to the
data directory "C:\Programs\Carl Zeiss
Vision\AxioVision4\0009\Templates\Form". Open the form folder, or
create it if it does not already exist, and save the template under the
name "Archive.zvf".

2

Now open the image browser and refresh the image gallery . If the

-
—

form view is not active, click on the button on the image browser’'s
toolbar.
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7.4 Generate, print and export reports with
the file extension ZVR

Reports are used to display and print out saved images and the additional
information relating to them (title, author, comments, keywords etc.). Each
report is based on what is known as a report template. Templates specify
the layout and formatting for the report and its individual elements (image,
data etc.).

You can modify report templates yourself, or generate completely new
ones. Please also read the section "Templates for forms and reports",
which you will find further down this section. The template files are saved in
the folder "C:\Programs\Carl Zeiss
Vision\AxioVision4\0009\Templates\Report".

To allow reports to be incorporated into other documents (e.g. Word files),
the option of exporting them is available. AxioVision offers export into the
so-called Microsoft Windows Metafile Format (WMF). This format allows
you to incorporate reports into virtually any Microsoft Windows program.
The individual fields of a report can be modified in most cases. However,
the precise range of functions depends on the program in question.

Generating new reports

> Activate the Image for which you | DC¥.zvi | Flunenz b | Tntmeas bF | Zylinder.zvi |
want to generate a report.

» Select from the File menu the New function, and activate the Reports
(zvr) tab.
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& Archives Reports (zdy [l Reports (zvr) |:i Forrms

Iame

Program:

|j Basic {letter)
|j Basic multi {letter)
[ Blank (a)

L_; Double {letter)

|j Empty (letter)
|j Extended] {letter)
I Fotendad? father

|j Double averview (...

Title

Al { i
EBasic {letter)
Basic multi {letter)
Elank. {a4)

Double fluorescen. ..
Double overview ...

Empty {letter)
Extendedl {letter)
Frtanded? flather

Subject

Basic multi {letter)
Blank (a4}

Double Fluorescen. ..
Double overview ...
Empty (letter)
Extended! (letter)
Fvtanded? ilatter

< I

Description

Allimage datarep...
EBasic image data ...
Basic multi image ...

Elank report (A4}

Double fluorescen. ..
Daouble fluorescen...
Empty report {lett,,.
Extended image d...

Fvtanded imans d

Filenarme A

gramme}C
CHProgrammelCe
CiProgrammelic.
ChProgramme’ .
CiiProgrammetC.
CAProgrammelC.
CHProgrammel .
CiiProgrammetC.
ABrnarammet T,

¥

Ok

H Caniel H

Apphy

]

» Select one of the templates and [

[0]4

] [ Cancel

/|

Apply ]

click on OK. To see a preview of
templates, click on Apply. The
corresponding template is then
opened without the New dialog
being closed.

The new report is now displayed.
You can save it just like any other
file via File = Save or = Save
As.
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Printing a report

» Activate the report that you want to
print.

» Select from the File menu the Print
function. The standard dialog for
printing documents is then
displayed.

» Enter the desired settings and click
on OK to print the report.

Exporting a report

» Activate the report that you want
to export.

Carl Eeiss Vision GrkH
ZEISR

Carl Felss Vislon CinkH
ZEISS

L HTEES
[RIHHE
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» Right-click in the report and select =) Full Screen F11
the Export to WMF function.

Set TAR arder

Export o WME N |
r‘“
Bl Properties  AlttEnter

» A standard Microsoft Windows dialog for saving the file is then opened.
Select the target folder under Save As and enter a file name.

» Then click on OK to save the report.

Templates for forms and reports

Reports are mainly used to print out saved images and the additional
information relating to them (title, author, comments, keywords etc.).

Forms are used for displaying information in a structured way and for
entering information on screen.

Reports and forms are based on what are known as templates. Templates
specify the layout and formatting of the individual elements (image, data
etc.).

You can modify templates yourself, or generate completely new ones. The
template files are saved in the folder "C:\Programs\Carl Zeiss
Vision\AxioVision4\0009\Templates\Forms or Report".
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AxioVision is supplied with a range of different templates. This means that
you do not necessarily have to generate templates yourself. Often,
however, a modification will be necessary to bring the templates into line
with company or project-specific requirements.

As the generation of templates can be very time-consuming, depending on
their complexity, we recommend that you use an existing template as a
starting point wherever possible. This avoids having to generate them from
scratch (an even more time-consuming process).

NOTES:

e The following example runs through the steps required to edit a
template, using the example of a report. These steps also apply,
however, to form templates.

Settings for editing a template

» Select from the File menu the New function, and activate the Reports
or Forms tab.

& archives Reports (zdry | Reports (zvr) |:] Forms

Mame Title Subject Description Filenare -~
Prog_ram:

ﬁ Al {letter) All {letter) All {letter) allimage data rep...  C:\Programme!C
U Basic {letter) Basic {letter) Basic {letker) Basic image data ...  C:\ProgrammelC.
u Basic multi {letter) EBasic multi {letter) Basic multi {letter) Basic multi image ...  C:\ProgrammelC.
U Elank (a4} EBlank (a4} Elank (a4} EBlank report (A4} C:AProgrammelC.
U Double {letter) Double fluorescen.,.  Double fluorescen...  Double fluorescen..,  CiiProgramme’C.
U Double overview {l...  Double overview ...  Double overview ...  Double fluorescen..,  CiProgrammeiC
u Empty {letter) Empty {letter) Empty {letter) Empty report {lett...  Ci\ProgrammelC.
U Extendedi {letter) Extendedi {letter)  Extendedi {letter)  Extendedimaged... C:\ProgrammelC.

I3 Fetended? flettert  Fvtended? flettery  Fytender? febtery  Fytendedimane d  —iBranrammel . o
< | ¥

[ oK ] [ Cancel ] [ Apply ]
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» Select one of the templates (e.g.
Reports - Standard) and click on
OK. To see a preview of
templates, click on Apply. The
corresponding template is then
opened without the New dialog
being closed.

(0] H Cancel ][ Apply

> The report is now displayed with ~ EEEEEE al0lx|
its current layout. o

i

I
b

Notes for report templates:

e The details in the header (logo, company name etc.) do not have to be
defined as individual fields, but can be entered directly via a dialog. To
do this, select Tools = Options = ID. Enter the corresponding data
here. These data are then displayed automatically in the report’s
header.

e If you have not yet entered this information, this area is empty.
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» To modify the template, you need
to switch to Design mode.

» To do this, right-click in the
template and activate the Design
mode command from the shortcut
menu.

» The draft mode is active if the tick
can be seen to the left of the
Design mode command.

> To see the position and size of all
elements, activate the Show
bounding box option from the
shortcut menu. All fields are then
displayed with a blue frame.

Update data fields
Clear data fields

. Design mode .

AL Mormal Yiew (1:1)
211
4:1

AUto Foom

’Carl Zeiss Vision GmbH

213 e
EEEET] [T

To make positioning easier, you can activate a grid, with which all elements

can then be automatically aligned.

» Select from the shortcut menu the
Grid settings function.

> Activate the Show Grid and Snap
to Grid options, and click on OK.

> A yellow grid is now displayed on
top of the template.

~ Grid Settings

wer[m
[]shaw Grid
[snap to Grid

Carl Zeiss Vision émb[l

Zeppelie Tse 4

A e sl
B e 0 ENE R
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Moving and deleting fields

>

To move one or more fields, you
need to select the field(s) in
question. To do this, click on an
individual field, or drag out a
frame around the fields you want
to move with the left-hand mouse
button depressed.

If you hold down the Shift key
while clicking, you can also select
a number of individual fields.

To move the fields, left-click in the
selected area, and drag the fields
with the left-hand mouse button
depressed. The pointer changes

Hitle:

()
]
[m]

ate:

O

3‘??_9!?__':__ mat:
caling: o

ilename-

ize (BytEs):

feir)

Ksernams:

11 [

L R R KRR K R

Bubject: o

Heywords:

omment

to a cross during this process.

The fields are automatically
aligned with the grid.

To delete the selected fields,
simply press the Del key on your
keyboard.

The fields are then deleted, but
can be restored via the menu
function Edit = Undo provided
you have not saved the template.

=laslisslissliss inslisslisslis

Coimment:
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Inserting new fields and changing field values

> If you want to insert a new field, el
you can select the Text tool from
the Annotations menu and then b
position it in the desired location. A Tt

. Line

» The simplest way to do this, Hitle: . o £
however, is to copy an existing = '
field. In this case all of the
attributes (size, color, font etc.)
are adopted.

» To do this, click on an individual field, or drag out a frame around
several fields with the left-hand mouse button depressed.

> If you hold down the Shift key while clicking, you can also select a
number of individual fields.

» To duplicate the field and move it Title: 7
at the same time, hold down the mifle:
control key (Shift key), and left- al
click in one of the two selected
fields. Drag it to the desired
location with the left-hand mouse
button depressed.

» To change the name of a field, Mitle: T
switch to editing mode by double- Title:
clicking in the field. o

> You can now enter a new name: Title: 7

Samnle Data
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» So far you have only changed the

field name! Now you need to
specify that relevant information
should also be entered to the right
of the identifier.

To do this, select the empty field
to the right of the field name, and
open the Properties window by

right-clicking in the field. Activate
the Item tab.

A particularly important element

here is the Tag parameter, which
displays the information available
in AxioVision images. Click on the

E button to make a selection.

= Properties : All (let... §|

General |[[Ad Attibutes  Them |O Info

Marmne:

Aligned Rectangle

Source:

Image

Tag:
author

(]

Display kag name
Texk:
Authar

Input method:

edit v

Skrings:

Now complete the other parameters according to your requirements.

Carry out these steps for all of the fields that you wish to use in your

template.

Then save the template in the folder "C:\Programs\Carl Zeiss
Vision\AxioVision4\0009\Templates\Report".

The templates are now available in the list of available templates on

the File = New dialog.

AxioVision User's Guide, Release 4.7
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Changing field attributes

Changing field attributes means modifying the appearance (color, line
thickness, text type, text size etc.) of fields.

» To change the attributes for e —
individual or several fields, you need tpate: E
to select the field(s) in question. To g?g_qgf_ m@_t_:____ﬁ __________________
do this, click on an individual field, or :,__,-ca"ng:eﬁ
drag out a frame around the fields % 'E::?Em — —
. bl yiEs):
you want to change with the left- “Hsernamy; 5
hand mouse button depressed. iBubject: .
zeeywords:
> If you hold down the Shift key while fpommeny;

clicking, you can also select a
number of individual fields.
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Now right-click in the report and
select from the shortcut menu the
Properties command.

In the Properties dialog, activate
the Attributes tab.

Now change the attributes using the
tools under Settings for selected
items.

If necessary, select a different Font.

Save the template in the folder
"C:\Programs\Carl Zeiss
Vision\AxioVision4\0009\Templates\
Report".

= Properties : All (let... E|

General (A Atributes | Itern | (&) Info

= 1: Aligned Rectangle ~ | Left:
[l z: aligned Rectangle | [ 4630
I Aligred Rectangls | Top:
Image 17483
Aligned Rectangle i =
aAligned Rectangle Width:
171 Aligned Rectangle 14155
F -\8: Aligned Rectangle Height:
9: Aligned Rectangle e
[2710: Aligned Rectangle | 3%
111: Aligned Rectangle 1/100 mm

112: Aligned Rectangls
['=713: Aligned Rectangls >

Settings for selected items:

W ¥ —— ¥ -
=  — |
=R

e
abc
B e

Font: 3 pt, Arial E]

Set as default ] [ Reset
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7.5 Editor for Multidimensional Images

Using the image editor, it is possible to generate a large number of images
in a targeted way from large, complex ZVI images. The result is always a
new, unsaved image with reduced complexity. It is possible to influence the
following dimensions:

x/y pixel resolution
channels

instants of exposure
z-stack positions

When you select the Change Image Dimensions function on the Edit
menu, a wizard is opened. This wizard always uses the active image in the
foreground. When you are working in the image editor, it is not possible to
execute any other functions in AxioVision. Only the pages that are relevant
for the image are displayed in the wizard.

» Open a multidimensional image. In this example, a 3-channel z-stack

fluorescence image will be modified. Channel 1 and z-planes #1-6 are
to be removed from the image, and the x/y resolution is to be reduced
by a factor of 2.

Select from the Edit menu the Change Image Dimensions function. A
dialog is opened in which the image located in the foreground is
displayed. All the control elements that are required to operate the
image (Player) can be found at the bottom image edge.

=7 ¢

= »|[ 1718
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» As the first step, indicate that you want to remove the selected images,
and click on Next.

Remove selected images

[CIkeep selected images

» Now select channel 1 (which is to be removed), and click on Next.

Channel 1 i
[Jchannel 2 [
[lchannel 3 |

» From the drop-down list box, select the desired reduction in resolution
(1:2).

» This setting means that every second pixel in both the x and y
dimensions is removed. This reduces the image resolution to a quarter.
Click on Next to proceed to the next step.

» Now define the z plane range that you want to be removed from the
image.

» To do this, move the z slider to position 1
£z < ¥ | 1722
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» Click on the top Get player position button

Frari: I'I <-Get player pnsitinnl . iy
. Now move the slider to z-position

# 6, and click on the bottom Get player position button

To IE <-Get player positionl
» To check the result, click on the button. A preview of the

reduced image is created. If you are happy with the selection, click on

ﬂ] The wizard is closed, and a new image with the reduced
complexity is generated. Save this image under a new name.
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8. Configuration

8.1 General

One of the most striking new features of AxioVision Version 4 is the fact
that it allows you to adapt the interface and the way you operate the
program almost entirely to suit your own requirements. A great deal of
attention has therefore been devoted to ensuring that the configurations of
individual users can be managed separately. This is guaranteed by saving
individual data, such as toolbar configurations, customized dialogs and
workflows, general system settings and, of course, the data generated on
an individual basis, separately from the data of other users. The Microsoft
Windows user administration is used entirely. In AxioVision additional
settings are not required.

The settings of an individual configuration can be exported easily and can
be accessed to other users or to all users (see also chapter 8.7 "Exporting
and Importing User Configurations").

8.2 Overview: Setting up AxioVision

This chapter gives you a brief overview of the steps to setup up AxioVision.
In the appropriate subchapter you will find further information.

Installation

¢ Installation must be carried out with administrator rights.

e AxioVision is then available to all users of the system (including new
users who are set up after installation). Installation is not carried out
individually for each user.

¢ Remain in administrator mode during the following steps described
below. Read also Chapter 1 and 2 of the Installation Manual AxioVision
Product Suite.
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Setting up AxioVision

AxioVision can now be set up as desired:

Microscope configuration and/or MTB2004 Configuration
Scalings

Hardware settings files and experiments

Toolbars, keyboard shortcuts, workflows and user dialogs
Measurement programs

Backing up the configuration and restoring it for
individual users

» After configuration the settings and user files can be backed up via the

Tools menu = Import/Export Configuration.

» Instep 1 select Export.
> Important: Please ensure that Save Configuration Import/Export Wizard
all user_documents in ZIP-file is Select sources
also activated in Step 2 Select Please select the components you want to impart or export
sources so that the user files
(scalings, hardware settings etc.)
are also exported: Axiotisiond Modules
Sharkeuts
Options
Dialags
Toolbars
[v]  Workflows
I Save all user documents ko ZIP-File I
> The result is two files with the name given to them during the export
and the extensions AVCONF and ZIP. You can select the folder for
these two files.
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» The relevant settings for individual users can be imported using the
same function.

» Todo so select Import in step 2.

NOTES:
e The relevant user must naturally be logged on under Microsoft
Windows during the import — not the administrator.

e The channel pool, used for simple definition of multichannel
fluorescence images, cannot be exported. If necessary, the
corresponding file must be copied via Microsoft Windows Explorer.

Making user files available for all users

» To make the user files available for all users, the files in the ZIP file
must be extracted into the Shared Documents folder of the All Users
user account. In plaintext the file is called: C:\Documents and
Settings\All Users\Documents.

» The directory structure required by AxioVision is generated
automatically.
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8.3 User and Data Administration

Microsoft Windows user administration

Under Microsoft Windows XP there are three fundamental levels of security
that are allocated to users. These are granted to end users through their
membership of the groups Users, Power Users or Administrators.

The Users group is the most secure group, as the standard rights of
this group do not allow the members to change operating system
settings or the data of other users. Members of the Users group are
able to carry out most general tasks, such as running applications,
using local and network printers, as well as shutting down and blocking
the work station. Users are not entitled to release directories or set up
new local printers.

e > Under certain circumstances, members of the Users group are
not able to execute AxioVision, e.g. if cameras from other
manufacturers are being used or a Matrox Meteor frame grabber is
installed.

Power Users are able to execute the following tasks: installing
programs that do not change operating system files, or installing
system services. Adjusting system-wide resources, including printers,
date, time, energy options and other control panel resources. Creating
and managing local user accounts and groups. Stopping and starting
system services which are not started by default. Power Users have
no access to the data of other users on an NTFS volume unless they
are granted this right by the users concerned.

e > In order to use AxioVision, users should always belong to the
Power Users group.

The Administrators group carries out maintenance tasks on the
computers. The standard rights for this group give members complete
control over the entire system. For this reason, only reliable employees
should belong to this group.
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User files

Each user under Microsoft Windows XP has a personal folder for the files
that he has created. These personal folders are created by Microsoft
Windows for each user of the computer. If a computer is used by more than
one user, the individual personal folders are indicated by the name of the
corresponding user. In addition, Microsoft Windows provides the Shared
Documents folder for files that you want to release for other users.

When a new user is % Documents and Settings

Cr,eated Under MICFOSOft File Edit View Favorites Tools Help
Windows XP, a user _ -
account is set up for each Qe - ) (T Dot ‘1{___ Falders | [T21]-
user. address |[2) C:\Documents and Settings
Folders X Mame
(B} Desktap |2 Administrator
) My Documents D4l Users
= My Camputer |2 Default user
4 3% Floppy (a1) [ John Smith
[=-%e Local Disk (1) =) Warkaroup
[ERS ) ocuments and S [Chasiss
1L5) Adrinistrator
1) Al Users

The user accounts are located under C:\Documents and Settings A folder
can be found there for each user — the user account.

Theoretically, user data should only be saved in the My Documents folder.
This folder has a link to the Microsoft Windows Desktop as well as in
Microsoft Windows Explorer. The personal folders can be accessed very
easily via these links:

s>

@ Deskiop

lD MMy Documents
J My Computer
& My Network Places

.,./ 2/ Recycle Bin

[y Dacuments
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However, the folder is actually located within the folder structure of the user
account.

For reasons of data security, however, we recommend that you separate
program and data files. This means that the data created by a user should
be stored on a different drive from the programs.

Advantages of this procedure:

1. After installation and configuration an image of the system partition can
be created, which makes it possible to restore the system very quickly in
the event of a disaster. “Images” represent a 1:1 copy of the hard drive,
irrespective of whether or not there are files in the memory. An attempt is
therefore made to limit the size of the system partition.

2. When you are making regular data backups, it is not always necessary
to back up the complete system partition as well — only the user data needs
to be backed up.

3. The data folder can be moved to a separate drive with sufficient memory,
even for multidimensional images (see also point 1). If the folder is on a
network drive, automatic backup by the relevant IT department is often
ensured.

The shared account "All Users"

Microsoft Windows always creates a default user account with the name
All Users. Files saved here can be used by all users of the system. This
"shared account" can be used to save files (e.g. scalings and measurement
programs) that are used centrally by all users, without the need to copy
these files individually to each user’s personal account in the event that the
files are modified.

Creating new users
Set up new users (or create new user accounts) via the computer

administration function (Microsoft Windows Desktop = My Computer
shortcut menu = Manage = Local Users and Groups):
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Q File  Action ‘“iew ‘Window Help
|~ @
E Computer Management (Lacal) Marme

System Tools Elsers
[+] ] Event Viewer Eerous
E3) Shared Folders
B 5 Local Users and Groups
i Y Users
i i [:I Groups
] Performance Logs and Alerts
i Device Manager

B& Skorage
Hc) Removable Storage
i Disk Defragmenter
Disk Management.

[# @a Services and Applications

S Computer Management

New User

User name: ‘Zeiss
Full name ‘ Carl Zeiss ‘
Description: ‘SEandard User 'Zeiss" ‘

Password |' L]

Confirm password |'"“"

User must change password at nest logon
Usger cannat change passmord
Pazzword never expiies

[ Aceount is disabled

Creates a new Local User account.

AxioVision User's Guide, Release 4.7
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NOTES:

e Administrator rights are required to create a new user or to allocate a

profile.

e When you add a new user, the Users profile is allocated by Microsoft
Windows by default. A different profile can be allocated after the user

has been set up.

e AxioVision is released for use with the Power Users profile only. This
is mainly for reasons of hardware support. The Matrox Meteor drivers,
for example, do not function with the Users profile.

Data administration under AxioVision

Data files

AxioVision stores all files created by the user in the “My Documents\Carl
Zeiss\Data” folder. There you will find additional subfolders for the
individual documents, such as automatic measurement programs,
calibrations, experiments etc.:

File Edit View Favorites Tools  Help

Folders

@ Desktop

=L} My Documents
B Carl Zeiss

ta

AcquisitionRecarding

) ApokomeSetting

i) Automatic Measurement Programs
1) AutoShadingSetting

1) Calibration

{) Experiment

{) HeterogenousExperiment

1) ImageExportProfile

) Indexedname

1) MarkandFindObject

@Eack -© = /"Sear:h \'“__.: Folders

Address || C\Documents and Settingstzhubitiy DocurmentsiCarl ZeissiData

X9 @

Mame

~ | | [C)hcquisitionRecarding

|1 ApotomeSetting
\[ZhAutomatic Measurement Prog,..
hAutoShadingSetting

I alibration
)Experiment
|[JJHeterogenousExperiment
¥ ImageExpartProfile

| Indexediame
|[IMarkandFindObject
|[IMaterial
IMeasure3DAuta
[CIMeasureAuto
[IMeasurelnt

Folder structure of the AxioVision data folder

8-8
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AxioVision images

Within the My Documents folder, you will also find the Microsoft Windows
default folder My Pictures, which is suggested by AxioVision as a location
for saving your images.

% Carl Zeiss

File Edit ‘“iew Favorites Tools Help
eBack - \_) lﬁ /Ir\JSearch ‘H_" Folders > | x n ‘

Address |lﬁ Ci\Documents and SettingshzhuhilMy DocumentsiMy Pictures)Carl Zeiss

Faolders bt Mame
@ Deskiop ~ *acanthocystis_tka.jpg
= B Iy Documents 1 *acrosphaerainflata_eka.jpg
13) Carl Zeiss *asterolampraeximia_eka.jpg
I3 Carl Zeiss Géttingen R aulographisfurcula_eka.jpg
[23) FinePrint files N COMVALLARTA_CANNY. JPG
I3 My eBooks PART_D_I.zvi
) My Music W PaRT_1_1.zvi
= hﬂ My Pickures = *SILVERGRAINS.JPG

* TETRACYCLIMN_REGGROW, PG

{C3) Doc_0002.zvhi_Files
{C5) Material Analysis Archivel_config
{C5) Materialanalyse Archivl_config
I3 Materialanalyse Archivia_config
{220 NMI Archivla_config
{C3) MMI Archivib_config

{23 NMI Archivela_config
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Temporary files

During the acquisition of [#] Time Lapse
multidimensional images using the
Time Lapse Imaging module, if the ~
time intervals are less than 1s, Interval - |0.500 & [Second v
images are only stored in the user _

memory. However, if the experiment #Cycles: 3000 &

is too complex, it is possible that the

Tirne-setkings

user memory may not be able to Dl Serond v
hold all the images, which are then
stored temporarily in the folder for Calculaste (OCydes (5 Duration

temporary files.

Calculate ]

AxioVision draws your foioVision
attention to this by
means of an ' {available 680 ME, needed 24434 MB)

appropriate message Do you want bo continue anyway using hard disk space?
before acquisition:

j Acquisition ko RAM For time interval < 1 second: not enough free RAM available
-

[ 1 ] [ mein |

This folder is also located within the user account. As huge amounts of
data can accumulate as part of this process, this folder should also be
moved.

NOTES:

e Since the highest possible speed is important for this procedure, you
should either create a reference to a different drive on the same hard
drive, or use a different, faster, hard drive.

¢ On no account should you transfer the folder for the temporary files to
a network drive. Data transmission is clearly too slow here.
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AxioVision configuration files

Files that are important for AxioVision to function (INI files for devices etc.)
are also saved within the user account in the folder Application Data\Carl
Zeiss\AxioVS40.

This subfolder is not displayed if you are a normal user. It is only available
to administrators.

Moving the “My Documents” folder

» Select the Properties function in the shortcut menu of the My
Documents folder (right click on the desktop or in Explorer).

» Click on the Move... button in the My Documents Properties dialog
and select the target folder. If you click on OK, the folder is adopted
into the Properties dialog.

» Exit the My Documents Properties dialog by clicking on OK. All
subfolders and files from My Documents will now be moved into the
new folder.

» Repeat these steps for each user.

NOTES:

e This step must be performed for each user before AxioVision is
executed for the first time. AxioVision remembers this path in "plaintext"
after the first program start. If the "My Documents" folder is not moved
until after the first program start, AxioVision creates the folder and all
subfolders in the original place again!

e The following tip should only be followed by specialists (and even
specialists should be reminded to save data beforehand.)
The following action can be taken if AxioVision is accidentally started
BEFORE the folder has been moved, resulting in the problem
described above:
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e Close AxioVision.

o Delete the UserOptions.xml file in the Application Data\Carl
Zeiss\AxioVS40\Profiles\Default folder of the appropriate user
account.

o The file is automatically recreated and the current path settings for
My Documents are read in again the next time AxioVision is
started.

e Never simply move the My Documents folder via Explorer. Always
follow the procedure described above, as only then will all the links and
references to this folder work.

¢ In AxioVision the paths for user and work group files and templates are
displayed in the Tools menu = Options function = Folder tab sheet.
It is also possible to change the paths here. However, you should avoid
doing this for the reason given above.

Moving the folder for temporary files

» Select System in the control panel.

» Click on Environment Variables on the Advanced property page.

» Repeat these steps for each user.

> Change the Settings of the Environment Variables @g|
user variables for TMP and
TEMP via Edit in the
Environment Variables Vaiable Value
d ia|og TEMP CiiDocuments and SettingsizeissiLocal ...
: TMP C:\Documents and SettingsizeissiLocal ...
mew | [ Edt | [ Delete
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8.4 Scalings

General

Scalings are required to allow you to display scale bars and measurement
values in real units instead of pixel values. This requires configuration of
the system for every combination of objective, optovar and camera
resolution. If you are using a camera of the AxioCam family, please be
aware of the following!

NOTES:

¢ Only the basic resolution needs to be calibrated for the cameras of the
AxioCam family. All other resolutions (higher resolution levels and
binning modes) are then derived from this basic calibration
automatically.

o For theoretical scaling there is no need using a stage micrometer, but
special settings in the microscope configuration are necessary, which
are described in the Online Help.

The theoretical scaling offers you the option of having scalings calculated
automatically for a microscope that contains motorized or encoded
elements. This means that there is no need for the time-consuming
generation of scalings using a stage micrometer.

Calibration is usually performed using a stage micrometer. The scale
depicted on the stage micrometer allows you to specify a known length
simply and precisely.

Each scaling is saved in its own file with the extension "ZVSC". These files
are stored for each user in the folder My Documents\Carl
Zeiss\Data\Scaling.
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NOTES:

e You can also use scalings from AxioVision Version 3, simply by
copying them into this folder.

e As scalings are often also of interest to other users, in some cases it
may be useful to save them in the shared account All Users (please
read section 8.7 "Exporting and Importing User Configurations").

Generate scalings

» Acquire an
image of the
stage
micrometer.

» Make sure that
you position as
much as possible
of the scale in

5

|

HN}!

the image. 5
> From the Interactive Measurement L4
Melastut:]e menu, Cnline Measurement 4
se ec_: N Interactive Measurement Programs  #
Scalings B onm Tabl
function. | e
Append Table...
Automatic Measurement L4
Automatic Measurement Programs k
23 Scalings =
Z| Autormatic Scaling b
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» Inthe Scalings
Control window
click on New.

» The scaling
wizard is started.

» Right-click in the
image and select
Auto Zoom to
view the entire
image.

» Enlarge the
window, if
necessary.

> Click on Next.

— Scalings Control

Available Scalings:

.

Location Mame ¥-5caling *-Sicaling
v [ 1 PixeliPie el iPice]
User: Plan-MEOFLUA...  0,6418 MicrometerPixel

\ \

10,6418 Micrometer [Pixel

Ohbjective

| ™

[ HNew ][ Laad ][ Save As ][ Delete ]Autnmatlcscahng

[ Apply selection to image ] [ Activate selection ] |M\cmmeter

v

~p B

i

AxioVision User's Guide, Release 4.7

8-15



Configuration

» Selectthe mode “=="""""
Single Distance . -—.__
(X=Y). S

» Click on Next. BT

on the start and -
end points of the ("
scale.

> Enter this
distance into the

== i

» Then click on

Finish.

> Entera name for Please insert a new name
the scaling and ForEorUe 15 |
click on OK.

Cancel
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» The new scaling

now appears in
the Scalings
Control window,
and is activated
automatically.

The scaling is
used as the
default for
subsequent
image acquisition
procedures.

NOTES:
As scalings are often also of interest to other users, in some cases it

may be useful to save them in the shared account All Users (please

— Scalings Control

Available Scalings:

Location Marne

Plan-MEOFLUA... 0,6 icrometer/Pixel
User: Plan-MEQFLUA,..  0,002581 Micrometer/... 0,002581 Micrometer/...

<

[ HNew ][ Laad ][ Save As ][ Delete ]Autnmatlcscahng

[ Apply selection to image ] [ Activate selection ] Micrometer L

Ohbjective

also read the previous section and section 8.7 "Exporting and Importing
User Configurations").

The Save As button is a simple way to save individual scalings for the

work group.

8.5 Adapting the User Interface

The Customize function in the Tools menu allows you to customize the

user interface. This function gives you a great deal of freedom in

configuring AxioVision. You can therefore design "your own" AxioVision,

showing only those functions that you actually need.

Any changes made in the Customize dialog are immediately displayed on
the AxioVision interface. The dialog does not therefore contain "traditional”
buttons, such as OK or Cancel. Once you have made the desired

changes, simply close it using the El putton in the top right-hand corner.

AxioVision User's Guide, Release 4.7
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Creating toolbars

How do you create a toolbar for quick access to the image processing
functions?

Tools | Window  Help

[of Settings Editor  Alt+5

» From the Tools menu select
the Customize function.

Bt stick Contrals

‘.“_f Modules Manager...

| Customize, .. I |

Options., ..

» Make sure that the Toalbar
property page is active in the
Customize dialog.

Toolbar !}g\;board ‘Wiorkflow | Dialogs | Icons

> To create a new toolbar: P —
ISlandard j
o Click on New.. Mew | Delste | Reset |

e Specify a name for the
new toolbar.

e Click on OK.

[ New document
=~
% New Toolbar Name x|

|Image Processing

e Define the size of the
icons and indicate whether
labels should be assigned
to the buttons as well.

= > oK | Cancel |

g1

O warkarea
G Gallery
o [ 5mal 4|
Test: I Show text lsbels j

M 60-4-0004 e / printed 05.2008



Configuration

> In the Available commands Avaiable commands:
. - Settings
field, select the commands 5 User Dl
that you would like to use on e
the toolbar. ® 5 Edt
+-E= View
+- = Microscope
> Select the command A=
Processing = Adjust = ¢ 55 pecorvoluton
Brightness/ContrastfGamma ———— > . cotost
[®) Trvvert

_I] Gray TransFormation

» Then click on Add to apply it {
(3] Coler B
tO the toolbar [®) Hug/Lightress/Saturation

[®) shading Correction
[®] z-stack Correction

> Apply fu rther funCt|ons from _I] Transfer display attributes
. . _I] adjust display attributes
the Processing menu in the —=
same way.
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The toolbar now contains the Seleck Toolbar:
commands displayed. Processing v

[

YE l[ Renarne l[ Delete

» To create the toolbar

definitively, click on OK. _l] Brightness/Conkrask/Eamma

\®] Color Balance
'_l] Hue/Lightness Saturation
(¥ shading Correction

i‘] Segmentation using thresholds

Icon: Small v
Text: Show text labels -
The PI’OCGSSing tOOIbar iS now b_a:..lc Cokr B.:lal.: u.é '}-a:ugc:J:mLu- In\:l Luwﬂaa; Fajk "xg.m-uu.::gu.wum

displayed at the top of the
AxioVision window.
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NOTES:

e You will also find the toolbar in
the toolbar list if you right-click
in the main menu or on
another toolbar.

e This procedure can also be
used to modify existing
toolbars.

» To do this, simply select one of
the existing toolbars in the
Select Toolbar drop-down list
and then proceed as described
above.

Online Measurerment
Commander

Coal Petrography
Inside4D

Incubation

Bildwverarbeitung

= .
FOCESEING %

&=]

Select Toolbar:

Workflow

Workarea
Status

Customize..,

Standard j

hewy [elete | Fezet |

Define key combinations for functions

You can execute any command that is available in AxioVision by pressing
shortcut keys. This is particularly useful for quickly calling up commands
that you require time and again, such as image acquisition or the activation
of a camera or microscope setting that you often need (requires a

motorized microscope).

» From the Tools menu select the
Customize function.

Tools | Window — Help
[tf settings Editor  Alk+S

Bt stick contrals

‘!_,_ Modules Manager...

| Customize. .. L\ |

Options. ..

AxioVision User's Guide, Release 4.7
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» Make sure that the Keyboard Toolbars  Keyboard | wiorkflow | Dialogs | cons
property page is active in the
Customize dialog.

> Inthe Available commands field, #vaiable commands:
select the commands that yo £ 5 Edt
would like to use on the toolbar. o

» Select, for example, the command
<m ApoTome Mode

Acquisition = Snap. —
#-[_7] Cameras
+-= spoTome
+-|_7 Basic adjustments

o Live

a

1A% Autofocus
H-C70 Adjust

+ [:I Frame
+-7 General

+-[_7] Digital High Speed Recarder

» Click in the Press Shortcut k Shartcut(z] far selected Command:

field using the mouse. Remove |
Reset Al

» Then press the shortcut key(s) on LI
your keyboard that you would like g e key:
to use to execute the command. E Assign |
(If possible, the shortcut key —x
should not already be assigned t0  shartcut currently used by:
any other command.) [unassigned]

» Now click on Assign-

> Close the dialog by clicking on the
button in the upper-right corner of
the window.
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Create own dialogs

The creation of your own dialogs allows you to take complex control
dialogs for, say, microscope and camera operation and pick out precisely
the elements that you need to operate your applications. This considerably
simplifies parts of the operation.

Create a dialog that enables you to control the objective nosepiece and
lamp voltage on a motorized microscope as well as to set the camera’s
exposure time.

» From the Tools menu select Tools | ‘Window  Help
the Customize function. i cettings Editor A4S

Bt stick Cantrals

‘!_l- Modules Manager. ..

| Customize. ., h

Options. ..

» Make sure that the Dialogs Tookars | keyboard | Workflaw, Dialogs | Icans
property page is active in the "
Customize dialog.

> To create a new dialog, click Select Dislog:
on New- % -
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> Enter the following data: |
Name (dialog + button) i [picascope and camera corirol
Tooltip Text Tooip Test  [Easic selfings for microscaps and camers Cancel
Status Text (status line) Status Tett:  [Corirol sbiectve, lamp vokege
Button Symbol lean & [ Gl
Toolbar, on which the button =
should be created to open the ~ “* ™" e -
dialog.
» Click on OK to create the
dialog.
» Now select the entry Tab 1- Select Dialog:
[ Micioscope and camera control =l
» To change the name, click on how -|[ est -] e |

Edit Tab. R New Tab |

> Specify a Name and a Tooltip x|
TeXt . \A'Jame' ICamera

Tooltip Text: ISet expozure time of the camera Cancel

» Then click on OK to create the ot Tat
1

tab.
lean: Change lcon
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» Now select Exposure in the

Select contral:

Select control field.

» Toinsert both into the dialog,

\ E Toolbars

& Controls

click on Add.

NOTES:

e The control elements depend
on your system configuration
and may differ from those
displayed here.

» To create a second property
page in your dialog for

Add-» I

i 'E;{ Live Speed

B Exposure
LB white Balance | ¢ Remove |
E-E Frame
B General
-7 Apatome

-2 Despyiew
= Microzcope

—Select Dialog:

IMicroscope and camera control j

controlling the microscope [ New <[ Edt  ~] Delee |

components, click on New _

Tab. T Eone H eule |
> Specify a Name and a Tooltip * |

TeXt. Hame: |Microscope ak I

. Tooltip Text: ISel objective and lampe volatage Cancel |
> Then click on OK to create the .. 7 |
roperty page.

p p y p g lcan: Change lcon |
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> Now select Objective and

Select control:

Halogen lamp in the control

elements field.

» Toinsert both into the dialog,

F-E= Toolbars

N-E Contrals

A= System Controls
“N= Hardware Contralz
NE Acquisition

click on Add. -] Microscope -
= Cammmmar »  Add-»
i% Obijective
NOTES: QI Optavar
e The control elements depend

on your system configuration
and may differ from those
displayed here.

» Close the dialog by clicking on
the button in the upper-right
corner of the window.

<-Femos

; Halogen Lamp
& Fluorescence Lamp
- -H- Microzcope lllumination T
#-E Reflected Light

#-E Foous

?Microscope Manager

x|

The button is now displayed on the toolbar you have chosen. The result

now looks like this:

The dialog contains two property pages: Camera and Microscope.

» The Camera property page
contains the element for
controlling the Exposure time.

o Microscope and camera co il
Camera | Microscope |

Exposure

Measure

I~ | sutomatic

8-26
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> The Microscope property x

page contains the elements for Camera  Microscope |

controlling the objectives and

— Dbjective

for controlling the lamp
vo|tage‘ 25 5 |10 20| 40 B3
8 8 S 88 e
NOTES:

—Halogen Lamp

e Also check the Tooltip text and

the texts in the status line | MenaiPC L= |[sady |
Woltage /W 04 125
|5.0 _\.!Jiu..r.....uk

Define workflows

Workflows are the most efficient way to operate AxioVision. They are the
"central element" for executing the functions required to perform a specific
task. All you have to do is click on the buttons they contain one after the
other to achieve the desired results quickly and without problems. If you
also hide all the control elements that you do not need, you can
concentrate fully on the work you are actually performing.

NOTE:
e You can also place dialogs you have created yourself and all the
toolbars on a workflow.

» From the Tools menu select the Tools | Window  Help
Customize function. 2 sSettings Editor A4S

Bz stick Contrals

t!_l- Modules Manager. ..

| Custamize. .. I\\

Options. ..

> Make sure that the Workflows Tookbars | Keyboard  yarkflow | Dialogs | Icons
property page is active in the
Customize dialog.
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To create a workflow:

ko Beset |

» Click on New Folder and then on

Folder name.

T Srandand
-2 Measurement

7] Deephiew Mew Falder |

Falder name |
» Specify a name for the new
workflow. S
|MyW0rkrow
> CIle on OK > 1.4 Cancel |
In the Available commands field, - ”Va“a“'E;“’:a”“’
-_NewWor oy = e
select the commands that you would Y e docum
™ Open document

like to use on the toolbar.

» Select, for example, the menu
command File = Image File
Browser.

» Then click on Add to apply it to the
workflow.

» Also apply the menu commands

View = Show Properties
Annotations = Scale bar
File = Save

» Close the dialog by clicking on the
button in the upper-right corner of
the window.

'?‘ Open Image
E, Open Repork

-
{4 Recent files
=
| save
|l save s
i save ol
Import to ZWT
45 Export

|l Save Report As Template
Select TWATN
{8 TwaIN

o

&, Print Preview
) Print setup
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The workflow is now located under the Standard

My Workflow bar. \ Measurement
by whark fow

o

Show Properties

Scale bar

8.6 General Settings

In this dialog you can enter settings for the configuration of AxioVision. The
settings are grouped by topic on property pages.

The settings comprise:

AxioVision’s starting performance.

Selection of language.

Specification of user-specific paths for AxioVision documents.
Image display.

Automatic saving of images after acquisition.

Entry of user information.

And much more.

From the Tools menu select the Options function. The Options window
with the General, Layout, Folder, Storage, Acquisition, Naming,
Display, ID and Commander property pages is opened.

Details on the settings used there, and how they influence the system, can
be found in the online help.
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8.7 Exporting and Importing User
Configurations

General

The term user configurations is understood to mean all the settings you
have made to adapt AxioVision to your own personal requirements after
installation.

The Import/Export Configuration function allows you to back up your
personal work environment in a convenient way, so that you can restore it
quickly and easily in the event of problems with the system. On multi-user
systems, you therefore have the option of making settings that are of
interest to all users (e.g. scalings, toolbars etc.) available very quickly to all
users by offering access to this configuration via the shared account All
Users.

Please also read section 8.3 "User and Data Administration", as well as the
section "Importing user files" later in this section.

The following elements of AxioVision can be exported:

» All settings made in the Customize dialog on the Tools menu. This
means all the toolbars, shortcut keys, workflows and dialogs you have
generated. (Please also read section 8.5 "Adapting the User
Interface".)

> All settings in the Options dialog on the Tools menu. (Please also
read section 8.6 "General Settings".)

> You can also save a record of which modules have been activated.
See the Modules Manager function on the Tools menu.
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To allow you to make your personal files available to other users, if
necessary, all files from the folder C:\My Documents\Carl Zeiss\ are placed
together in a compressed archive (ZIP file). The folder structure from the
Carl Zeiss data folder is retained.

Export

» Select from the Tools menu the Import/Export Configuration
function.

A wizard is started. This guides you through the individual steps of the
export process.

» Select the elements to be exported, and the folder and file name for the
target file.

This will result in two files (if you have also exported the user files) in the
selected folder. One file has the extension *.avconf. This file contains all
the elements of your configuration. The second file has the extension *.zip.
All the user files are saved in this file.

NOTES:

¢ If you want to make your exported configuration available to other
users, make sure that you save the files in a generally accessible
folder, e.g. the folder C:\Documents and Settings/All Users.

Import

Importing the configuration files

» To import the configuration of another user, select from the Tools
menu the Import/Export Configuration function.

A wizard is started. This guides you through the individual steps of the
import process. At the end of the process, all of the other user’s elements
are available.
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Importing user files

User data cannot be copied via the import function. This has to be
performed separately by unpacking the ZIP file. The reason for this is to
avoid files you have created yourself being inadvertently overwritten.

» Start Microsoft Windows Explorer, and go to the previously selected
folder containing the ZIP file with the other user’s files.

» Double-click on the ZIP file to unpack it.

> Now select the folder My Documents as the target folder. The user files

are copied automatically into the correct folder structure. If the Carl
Zeiss subfolder does not yet exist in your My Documents folder, it is
created

NOTES:
e You need appropriate software to unpack ZIP files. A program is

available automatically under Windows XP Professional. Ideally contact

your system administrator. Usually these kinds of tools will be present
anyway.

e If you want to make the files available to all users, select the shared

account All Users as the target folder for unpacking the files. This is the

folder C:\Documents and Settings\All Users\Documents. All users of
the system will then be able to share use of the files (e.g. scalings).
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8.8 Creating various AxioVision configurations
for a user

Background

Anyone who finds the management of users too complicated can continue
to use the procedure supported under AxioVision Release 3 (see below).
Other subfolders with new profiles are created for the different
configurations in the Application Data\Carl Zeiss\AxioVS40\Profiles\ folder
of the relevant user account, in addition to the default profile Default. The
name of the profile is allocated while it is being created. The description
from the earlier manual follows:

Creating individual configurations

» Right-click on the AxioVision icon on the Microsoft Windows desktop.

» Select the Create Shortcut function from the shortcut menu .

B | Qpen

Run as...

Sican for Yiruses
Pin ko Start menu

Send To ]

Cut
Copy

Create Shorkcut

Delete
Rename

Properties
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= A new AxioVision icon is created on the desktop.

= Now right-click on the new AxioVision icon, and select the
Properties function from the shortcut menu.

El Open

Run as...

Scan for Yiruses
Pin ta Skark menu

Send Ta b

Cuk
Copy
Create Sharkout

Delete
Rename

Properties
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» The Properties window is opened.

AxioYision Properties

General | Shortout |Cc-m|:-atil:-i|ity Security

AuicVizion

Target tppe: A pplication

Target location; Axiciziond

Target: |:iles\I:arI Zeizs Vision\AxioWisiond\Axiow :40 exe |

Skart in: | |

Shortcut key: | MHone |

Rur | Wormal window hd |

Cannment: | |

[ Find T arget... ] [ Change lcon... ] [ Advanced... ]

[ 0K, |’ Cancel ][ Apply ]

» Enter the following at the end of the Target field: -u=Name (N.B. Insert
a space before -u!). Here 'Name' is the description for the
configuration. Use, for example, -u=Test to create a configuration with
the name Test.

Target: |-'i|es\l2ar| Feizs WigionhAsioViziond W sioh 240 exe

» Adopt the setting by clicking on OK.
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» To change the description of the new configuration on the Microsoft
Windows desktop, right-click again on the new AxioVision icon, and
from the shortcut menu select the Rename command. You can now
enter a name of your choice in the icon's description field.

» Enter, for example, Test Configuration and then click on any area of
the desktop to adopt the entry.

L5

Tesk
Configuration

» You can now start AxioVision from the new icon and configure it
accordingly.
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9. Image Acquisition Maodules
9.1 ApoTome

General

The ApoTome software module controls the ApoTome hardware (control
box and slider) and coordinated image acquisition using a digital camera,
such as the AxioCam MRm. An ApoTome system allows you to generate
optical sections through fluorescence samples. The parts of the image that
are out of focus are then removed, and an increase in

e image sharpness

¢ the signal to background ratio (contrast)

e and resolution in the axial direction
is achieved.
The following units are required for an ApoTome imaging workstation:

e Microscope: Axio Imager.Z1, Axio Imager.D1, Axio Observer.Z1,
Axio Observer.D1, Axiovert 200 oder Axioplan 2 imaging e

e Anti-vibration system

e Digital camera with more than 10-bit dynamic range

e ApoTome control box and slider (release for Axio Imager,
Axioplan 2 imaging e and Axiovert 200)

e PC with monitor
e AxioVision basic package and the optional ApoTome software module

For details on setting up and using the hardware components, such as the
microscope and ApoTome control box/slider, please refer to the manuals
enclosed with the corresponding devices.
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NOTE:

e Before using the ApoTome, familiarize yourself with the basic functions
of the AxioVision software. You should be familiar with the operation of
the camera and microscope components in particular.

Fringe projection imaging principle

The optics of a microscope are optimized for analyzing very thin samples.
For a cover-glass-corrected objective, all optical calculations are performed
for very thin objects that lie directly beneath the cover glass. All cover-
glass-corrected objectives from Carl Zeiss are optimized for this particular
usage, and exhibit an optimum Point Spread Function (PSF) for the
wavelengths for which the corresponding objective has been specified.

In biological applications, however, the vast majority of samples used do
not satisfy these optimum requirements. Sometimes thicker biological
tissue slices are used, e.g. to analyze cells in the tissue using specific
fluorescent markers.

In such cases, during microscopic analysis, and particularly during
documentation, the set focus plane is hidden by parts of the image that
originate from above and below the actual focus plane. As a result the
image appears "faded", the contrast is reduced, and the background
becomes bright. In extreme cases important structures and image details
may be completely hidden.
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The above representation of a microscopic image of cell nuclei in tissue
shows this effect.

A number of methods can be used to prevent or reverse this effect, such as
confocal laser scanning microscopy or 3D Deconvolution.

With the ApoTome the principle of "fringe projection" has been employed.
This technology involves inserting a grid structure with grid lines of a
defined width into the plane of the field diaphragm of the reflected light
beam path. As the plane of the field diaphragm is matched to the focal
plane, this grid structure can be displayed on the microscope. When you
look into the eyepiece you can therefore see the grid, superimposed onto
the actual sample.

Above is a schematic representation of the reproduction of the grid. In
reality the grid lines are much thinner.

A scanning mechanism in the ApoTome slider is used to move the grid
structure in three defined steps within the sample plane. The movement of
the grid takes place very quickly (in less than 20 ms). A digital image is
acquired at each grid position.
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The movement of the grid is represented schematically below:

Grid Position 1 Grid Position 2 Grid Position 3

The three raw images are combined online on the PC to form a resulting
image. The time it takes to process the image depends on the image size:

e 512 x512: approx. 30 ms
e 1300 x 1000: approx. 100 s

The processed resulting image is an optical section through the sample
with the following characteristics:

The grid structure has been removed from the raw images.

The parts of the image that are out of focus are no longer visible.
The sharpness and contrast of the image have been increased.
The image’s resolution in the axial direction has been increased.
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A corresponding resulting image is represented schematically above.

The above image is an application image of cell nuclei (tadpole brain
section) in black and white.

e Top left: conventional fluorescence
e Bottom right: optical section

Why is the resulting image an optical section?

One possible way to explain this is to use the image of the grid in the
sample:

The image of the grid provides the necessary information on the distance
of the various sample structures from the set focal plane (see figure
above). Some sample structures are in focus, while others lie above or
below the focal plane, and enter the set focal plane.

The technique of grid projection makes use of the fact that the image of the
grid above and below the actual focal plane is blurred, and enters the
blurred areas of the sample. When the grid line is moved, significant
brightness differences (= contrast) appear in the focal plane.
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Outside the focal plane only minor differences are produced, as the sample
and the image of the grid are practically "blurred" together. The brightness
differences are detected by the algorithm used to combine the three raw
images, and are used to remove the parts of the image that are out of
focus.

Hardware configuration

For information on setting up the devices, please refer to the manuals of
the devices concerned.

» First switch on the microscope, then the fluorescence switched-mode
power supply, followed by the ApoTome control box and the camera.

» Then switch on the PC.
ApoTome Konfiguration for Axioplan 2 imaging e

» Open the Microscope Configuration program on the Microsoft

Windows desktop by double-clicking on the

[ |Micrascape Configuration Axioplan2 I [ 3
Configuration  About
Mmses Stand | bjectives | llumination | Pheto | Ext. Devices |
£xioplan 2 imaging & = Focus, et lm
motorized -
Port COM1

~ Conderser: [Condenser 0.3 H/D/Ph/Dic -
Stage/ext, Focus Controller: % Mot Shtter FL-Hade [ Reflecter
none - 8+ Reflector motarized =l

I Exviernal Focus Fos 2 01 Ex.365/12

,ﬁ Part coMz = Fos 3 10 Ex.470{40 BP

Filter Wheels Pos 4 15 Ex.54612
K &paTome cor2_JRa| © Manusl Fiters o Foae
Fiterwheeks/Shutters: " Enc.Filter Mag. D [
nane - * Mot Filter Mag. D
Pos 7 [71
Port COMT

= ¥ Mot Fisld Stop ot CTR
I Unibizshater [oomT = Custom Filter Specification
[ Test without hardware
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I ApoT |m v|
Feee Configure the microscope. To use the
ApoTome, the ApoTome check box must be activated.

If the ApoTome control box has been connected directly to a free COM
port on the PC via a serial RS 232 cable, select the corresponding
COM port in the list box.

If the ApoTome control box has been connected directly to the

microscope via a CAN bus cable, in the list box select the same COM
port that you selected under Microscope.

» Close Microscope Configuration by clicking on the Exit button, and

confirm the changes by clicking on the Save & EXxit button in the dialog
that then follows.

Save Configuration x|

g Exit program

Save Configuration 7

Save & Exit I Exit without Save Cancel
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ApoTome Configuration for Axio Imager, Axio
Observer or Axiovert 200

» Open the MTB2004 Configuration program on the Microsoft Windows
o
=
B l'-'ﬂ_'_EiE'IIIIIIj
desktop by double-clicking on the icon IEEEIEEEEEE

NOTE:

o Configurations for various microscopes are created and managed in
MTB2004 Configuration. Please refer to the manual or online help for
MTB2004 Configuration for detailed information on creating
configurations.

> For the description of the ApoTome configuration below, it will be
assumed that the microscope itself has already been configured.

» Make sure that the ApoTome control box is connected to the PC and is
switched on.

» Open the configuration tree under Reflected Light Path.

» Click on the No ApoTome entry. The entry will be shown with a blue
background.

=l HE:f|EI3tEI:| Light Path
+- 190 Sutter Lambda DG-4
RL taotarized Fieldstop
% Mo ApoTome
= RL t anual Aperture Stop
% RL No Shutter
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» Select the ApoTome by clicking on ApoTome in the selection area on
the right-hand side of the user interface and assign it.

—-s=y Reflected Light Path
-1 Sutter Lambda DG-4
s AL Motonzed Fieldstop
el Ao T ome
== FL Manual dperture Stop
2% AL Mo Shutter

» In the information area, you can now select the connection type
(RS232 or CAN bus) and the COM port being used (port 1 to 5).

R5232 w

P

» Check the connection by clicking on the Check Connection button. If
the ApoTome is found at the specified port, a green symbol is
displayed next to the button.

NOTE:

o If you activate the Simulate Hardware check box, for example, the
function of the ApoTome can be adjusted virtually in the AxioVision
microscope control and imaging software (simulation mode).
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ApoTome Calibrations

» Start the AxioVision software by double-clicking on the
on the Microsoft Windows desktop.

For subsequent steps it is useful to have easy access to the following
control elements. Please bear in mind that, depending on the features of
the device, some control elements may not be present, or may appear
different:

& Reflector §|

Erightfield Refl.light
0z DAPT

15 Alexa Fluor 546

nane

]
]
10 Alexa Fluar 459 |
|
]

HH

Reflector nosepiece for switching between

fluorescence wavelengths.

© Reflected Light Shutter X
[* Closed ] [-':_'J Open ] [ ]
—1 Internal shutter for opening and closing the
shutter.
€. Exposure g|
1ms 205
e
5% S00%:
[100% ] ] fgresest
Camera exposure time.
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F LightPath X
Sideport L ks Sideport R
0% 0%

Ocular 100% Fronkpart
®
0% 0%
100%

Baseport

with an Axiovert 200.

Light path for switching the light path, e.g.

You can also create a user-specific dialog containing all the control
elements required, including the control elements for the ApoTome
functions. Information on creating dialogs can be found in chapter 8
"Configuration”.

Calibration of phase position

To set the optimum angle of deflection for the ApoTome’s scanner unit, you
need to carry out a fine adjustment of the scanner calibration in accordance
with the system structure. The mirror sample and the special reflected light
reflector cube, both of which are supplied with the ApoTome, are used for
this purpose. Insert the Push&Click filter cube into an empty reflector
nosepiece position, and enter this filter set as Refl. BF, for example, in the
Microscope Configuration or the MTB2004. The calibration must be
performed for each of the two grids provided.

It is advisable to calibrate the grid for the low magnification range (grid
marked with "L" for "Low magnification") using a 20x objective.

In the phase calibration dialog the positioning of the camera is also
optimized. To achieve optimum performance, the camera horizontal should
be aligned parallel to the ApoTome grid lines with as much precision as
possible.
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The calibration process is supported by a wizard. Start the function by
selecting from the Acquisition menu the ApoTome function, and then
Phase Calibration.

The software wizard guides you through the calibration process in 5 steps.
The most important instructions are displayed in the wizard’s text field.

Step 1: Select Start Conditions

Step 1 of b: Select Start Conditions

The calibration process should be startet after a warm-up time of the spstem of
approximately 20min. The Phaze Calibration needs to be done with anly a
zingle grid of your choice.

- Ingert the grid corresponding to the objective

- Uze the mirror test glide for the phaze calibration
- Uze the bright field reflector cube

- Adjuzt the following zettings

» Move the ApoTome slider to the iris position (click stop position 1).

> Use the reflector position with the ApoTome bright-field reflector.

» Place the mirror sample supplied under the microscope, open the
reflected light shutter, and focus (directly on the microscope) on the
reticle at the center of the sample.

> Now switch to operation of the software on the PC.

> In the software, enter settings for grid, reflector, and objective, if you

have not already done so. Pay particular attention to ensuring that the
grid is correctly selected.
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NOTE:

It is possible to use the ApoTome in combination with a Colibri, an
excitation filter wheel, a Sutter DG-4 or DG-5 or a T.l.L.L. Photonics
Polychrome V. In this case, carry out the relevant settings in addition to
the microscope settings (grid, reflector, objective).

Click on Next to proceed to the next step. The live image is opened
automatically.

Step 2: Optical Focusing

Step 2 of b: Optical Focusing

Idz& the firgt click-stop of the ApaT ome slider [iiz position] to focus on the
cross hair of the mirar zlide

- Bdjuzt the exposure time of the camera

> Set an optimum exposure time by clicking on the

button.
Display the reticle as sharply as possible in the live image. The green

focusing rectangle in the live image can help you find the optimum
focus position. Position the focusing rectangle over the center of the

reticle.
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NOTES:
¢ On the Microscope property page you can enter general settings for
the microscope.

e Click on Next to proceed to the next step.

Step 3: Grid Focusing

Step 3 of b: Grid Focusing
Carefully puzh the ApoTome ghider in the second click-stop pozition. Make
gure, that gnd inez are aligned hanizontally [Camera adjustment]
- Pozition the green focus rectangle over approximately 10 grid lines
- Click, o "Full Scan'
- [The grid will be moved through the complete travel range]
- The gnd position with the highest focuz value will automatically be zelected

Move the ApoTome slider carefully to the second click stop position
(ApoTome mode).

» Move the focusing rectangle in the Live window to a position where no
part of the reticle is present.
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» Click on the Full Scan button. The grid will now move through its

adjustment range automatically, in increments of ten steps. A
sharpness value for the reproduction of the grid will be determined, and
displayed as a histogram, following each increment. When the end of
the adjustment range has been reached, the grid position with the
highest sharpness value will be set automatically.

l||||| ‘|||IIII||||||||||

You can choose to carry out a fine adjustment around the grid position
with the highest sharpness value by clicking on the Local Scan button.
A local area above and below the sharpness maximum that has been
identified will be covered automatically in individual steps, and the
sharpness value will be determined for each individual step. The data
from the local scan will be included in the histogram, and the grid
position with the highest sharpness value will again be located
automatically.

NOTE:

You can determine the ? rid position freely usm? the buttons for coarse

focusing, E and , and fine focusing, and III You
may need to use this functlon if, for example, a sharpness maximum
cannot be determined automatically.
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Step 4: Camera Alignment

Step 4 of b: Camera Alignment

b owve the crozs hair out of the live image. Mowve the starting point of the grid
detection by moving the green focus rectangle up and dovn,

- Rotate the camera head until you get as cloze to 0.00 degree as possible

The purpose of this step is to achieve precise alignment of the camera. To
achieve optimum results, the camera horizontal should be aligned parallel
to the grid lines with as much precision as possible. The software
automatically detects a grid line and calculates the camera horizontal’s
deviation from this grid line in degrees.

As the vertical line of the reticle interferes with the detection of the grid
lines, please first move the reticle out of the camera’s field of view.

A green rectangle marks the software’s search area, a yellow line indicates
a detected grid line and a small dark-green rectangle shows you the
starting point for line detection.
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If the contrast in the image is insufficient to detect a grid line automatically,
a corresponding error message appears:

ApoTome: Camera lignment ————

In this case you should take steps to increase the contrast (e.g. increase
the exposure time, refocus the grid (step 3)).

If it is still not possible to detect a grid line, a corresponding error message
appears:

ApoTome: Camera lignment ————

In this case the deviation of the grid lines from the camera horizontal is
probably too great. Rotate the camera until the long side of the camera's
field of view is roughly parallel to the grid lines. To do this, loosen the
corresponding lock on the camera adapter and realign the camera.

If a grid line can be detected but the deviation is still greater than 5 °, you
will see a message to this effect:

ApoTome: Camera lignment ————

AxioVision User's Guide, Release 4.7 9-17



Modules - ApoTome

In this case, rotate the camera further to minimize the deviation. For fine
adjustment you can use the red bar in the dialog. Try to achieve a deviation
<0.1°.

ApoTome: Camera Alignment

-0.04 degree

Once the camera has been aligned with sufficient precision, please lock the
camera adapter in this position.

NOTE:

¢ If you change the ApoTome grid, the new grid should be inserted with
the same alignment, if possible. The grid mount in the ApoTome slider
has a small amount of play to make it as simple as possible to change
the grid. You should always align the grid, if possible, with the same
edges in the grid mount. If you wish to check the camera alignment
following a change of grid, you can run through the phase calibration
dialog up to step 4. Should you not wish to perform a new phase
calibration, cancel the dialog after step 4, once the camera has been
aligned.

Step 5: Final Full-Phase Calibration

Step b of b: Final Full-Phase Calibration

Click on 'Full Szan'. Starting from default value a defined range of values will
be zcanned. The phaze walue with the least amount of residual stipes in the
image will automatically be selected.

This step is used for the actual setting of the scanner calibration. In each
case, two images are acquired. The grid is displaced by precisely the width
of a line between the first and second image.
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The two images are subtracted from each other, and the resulting image is
displayed. If the system is perfectly calibrated, the two images cancel each
other out — a black image with a noise component is shown.

v e ¥ SR ; = ; ;
1€ anzeige ‘ Einstellungen | Extras | S 1 Anzzige | Einstellungen | Extras |

Log | Skig| 16383 ... e Log | Skip! 16383 .. |

Phase calibration is performed automatically in accordance with the focus
calibration of the grid, carried out in the preceding step.

» Click on the Full Scan button. A predefined area around the specified
phase calibration value will be covered in coarse steps. At each
position, the calibration value will be determined, and displayed in the
histogram. When the end of the area has been reached, the minimum
value (minimum number of residual lines present in the image) will
automatically be selected in the histogram.

(i .|I|”HHH
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>

You can choose to perform an additional fine adjustment using the
Local Scan button. An area close to the minimum on either side will be
covered in individual steps, and the data included in the histogram.
This may enable you to identify an even lower minimum, where there
are even fewer residual lines in the image.

“|||||..h...lll||HH|H

NOTES:

Optional you can change the phase value stepwise by clicking on the

buttons and| * ” b ” 'H""I. You may need to
use this funct|on if, for example, a sharpness maximum cannot be
determined automatically.

Click on the Close button to end the phase calibration.

Repeat the procedure to calibrate the phase shift for the second grid, if
necessary.

Although the settings do not change once calibration has been
performed, from time to time you should check that the system is
perfectly calibrated. This applies in particular after dismantling and
reassembling the system.
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Calibration of the grid focus

For the ApoTome to function optimally, the grid must be displayed precisely
in the focus set on the objective. The grid’s focus depends on the objective
and the excitation and emission wavelengths of the fluorescence. This
means that the grid focus needs to be calibrated for every fluorescent dye
(e.g. DAPI, FITC, Rhodamine etc.). It is best to perform calibration using
your own fluorescence sample, although this must exhibit flat fluorescence
to allow the focusing of the grid. Alternatively, you can also use the
fluorescence sample provided.

A wizard is available for the calibration of the grid focus. This guides you
through the calibration process in 3 steps. Start the function by selecting
from the Acquisition menu the ApoTome function, and then Grid Focus
Calibration.

The most important instructions are displayed in the wizard’s text field.

Step 1: Select Start Conditions

Step 1 of 3: Select Start Conditions

The calibration proceszs should be startet after a warm-up time of the spstem of
approgimately 20min. The Gnd Focus Calibration haz to be done for each
combination of objective and reflector

- Inzert the grid corezponding to the objective

- Uze the fluorescence test zlide for the gnd focus calibration

- Adjuzt the following zettingz

» Move the ApoTome slider to the iris position (click stop position 1).
» Use a reflector position with a fluorescence filter (e.g. 10 Ex. 470/40).

» Place the fluorescence sample under the microscope, and open the
reflected light shutter.

» Focus on the sample on the microscope.
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» Switch to operation of the software on the PC.

» In the wizard, select the settings for Grid, Reflector and Objective, if
you have not already done so.

NOTES:

e Make sure that the correct transmission grid is selected for the
objective being used. The table at the end of this chapter provides an
overview explaining which transmission grid should be assigned to
which objective.

e ltis possible to use the ApoTome in combination with a Colibri, an
excitation filter wheel, a Sutter DG-4 or DG-5 or a T.l.L.L. Photonics
Polychrome V. In this case, carry out the relevant settings in addition to
the microscope settings (grid, reflector, objective).

> Click on Next to proceed to the next step. The live image is opened
automatically.

Step 2: Optical Focusing

Step 2 of 3: Optical Focusing

I1ze the firgt click-stop of the ApaTome glider [iiz pozition] to focuzs on the
FpECIMEN
- Adjuzt the exposure time of the camera

> Set an optimum exposure time by clicking on the Measure button.

» Focus the sample as sharply as possible in the live image.

NOTE:

e Onthe Microscope property page you can enter general settings for

the microscope.

> Click on Next to proceed to the next step.
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Step 3: Grid Focusing

Step 3 of 3: Grid Focusing
Carefully puzh the ApaTame slider in the zecond click-stop pozition
- Adjust the exposure time of the camera if necessany
- Pozition the green focus rectangle over approximately 10 grid lines
- Click on 'Full Scan'
- [The gnd will be moved through the complete travel range]
- The gnd pozition with the highest focuz value will automatically be zelected

» Move the ApoTome slider carefully to the second click stop position
(ApoTome mode).

» Move the focusing rectangle in the live window to a position where the
fluorescence is as flat and bright as possible.

» Click on the Full Scan button. The grid will now move through its
adjustment range automatically, in increments of ten steps. A
sharpness value for the reproduction of the grid will be determined, and
displayed as a histogram, following each increment. When the end of
the adjustment range has been reached, the grid position with the
highest sharpness value will be set automatically.

|||||| ‘|||IIII|||||1||||

» You can choose to carry out a fine adjustment around the grid position
with the highest sharpness value by clicking on the Local Scan button.
A local area above and below the sharpness maximum that has been
identified will be covered automatically in individual steps, and the
sharpness value will be determined for each individual step.
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The data from the local scan will be included in the histogram, and the
grid position with the highest sharpness value will again be located
automatically.

NOTE:
e You can determine the grid position freely using the buttons for coarse

focusing, IEI and IEI and fine focusing, and III You
may need to use this function if, for example, a sharpness maximum
cannot be determined automatically.

» When you click on Close to end the calibration, the following dialog
window is displayed:

Grid Focus Calibration Wizard

Do waou want ko repeat the calibration For another setting?

I la l l Mein l

» Click Yes, if you want to carry out a further calibration, or click No if
you want to end the calibration.

Once calibration is complete, a corresponding message is displayed in the
status window of the ApoTome dialog window (Acquisition menu =
ApoTome function = ApoTome Dialog = Settings).
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Calibration mode

There are two possibilities for managing ApoTome calibration data:

>

User mode (conventional): An individual file containing the calibration
data is generated in each Windows user account, i.e. each user
generates his own calibrations and then works with these. Other users
do not have access to these data.

In this case, the file containing the calibration data can be found in the
“Eigene Dateien” folder of the user account in question under "Eigene
Dateien\Carl Zeiss\Data\ApotomeSetting\Default.ini".

Administrator mode: A user generates calibration data which are then
made available to all other users. In this case, only the user who has
generated calibrations in the ApoTome administrator mode is able to
change these or add to them.

The file containing the calibration data can be found in the folder
"C:\Documents and settings\all users\Documents\Carl
Zeiss\Data\ApotomeSetting\Default.ini".

The user mode is activated automatically following a new installation of
AxioVision. If you want to change the mode, open the calibration mode
dialog (Aufnahme menu = ApoTome function = Calibration mode):

€ ApoTome Calibration Mode @

Eveny uzer works with his own et of
calibration data.

Everny user works with the same zet of
calibration data, maintained by the
Apotome-Administrator,
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The administrator mode is password-protected. The default password is
"zeiss" and can be replaced by a password of your choice following the first
log in.

€ ApoTome Calibration Mode E‘

Ewem uzer works with hiz own zet of
calibration data.

Ewen uzer works with the same zet of
calibration data, maintained by the
Apotome-ddminiztrator,

Once administrator mode has been activated, all users are only able to
access the calibrations that can be found in the shared files. However, any
individual calibrations that have previously been generated remain in the
relevant user accounts (although they cannot be used). If you switch back
from the administrator mode to the user mode, the file containing the
calibration data that has been saved in the shared files will be copied to the
Windows user account of the ApoTome administrator. Users of other
Windows accounts can then use their old calibrations again or may have to
generate new calibrations.
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Image acquisition

As an ApoTome imaging system works with a digital CCD camera, the
ApoTome mode can be regarded as an expansion of the camera’s
functionality.

Selecting the camera

In principle, a cooled monochrome CCD camera (AxioCam MRm, AxioCam
HRm etc.) is used in combination with the ApoTome for fluorescence
images. When you start AxioVision, a monochrome camera is
automatically selected (if possible) for operation with the ApoTome.

If several monochrome cameras are connected to the system, you need to
define the one that you want to be used in ApoTome mode. To select the
camera, follow the procedure below:

» Click on ApoTome in the work area or open the ApoTome dialog
(Acquisition menu = ApoTome function = ApoTome Dialog).
Select the Extras property page

» Inthe ApoTome: Camera drop-down field, select the camera that you
want to use in ApoTome mode.

ApoTome Mode b
Camera selection

Single image acquisition

For single image acquisition, follow the procedure below:

» For efficient operation, open the control elements for the camera
exposure time (Acquisition menu = Adjust function = Exposure),

the shutter and the reflector (Microscope menu = Reflected Light
function = Reflector or Internal Shutter).
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» Make sure that the ApoTome slider is in the second click stop position
(ApoTome mode).

» Click on ApoTome in the work area or open the ApoTome dialog
(Acquisition menu = ApoTome function = ApoTome Dialog =
Settings property page).

» Make sure that in the ApoTome: Grid field the grid that is currently
inserted has been selected. On the basis of the objective that is
currently being used, a recommended grid will also be displayed in this
field.

» Select the Camera property page.

a

Live

» The live image is opened using the button on the toolbar. The
shutter is opened automatically with the live image.

» Click on the button to set an optimum exposure time

for the specimen. To achieve optimum results with the ApoTome, the
images should be illuminated in the best possible way. Full use should
be made of the camera’s dynamic range. However, no pixels should be
overexposed. The histogram displayed will help you achieve optimum
illumination.

» Various settings can be made for the ApoTome mode. Three settings
are available for the live image in ApoTome mode (Settings property
page in the ApoTome dialog).

' ApoTome Live Mode @I

(%) Grid Visible
() Optical Sectioning
(") Conventional Fluorescence

9-28 M 60-4-0004 e / printed 05.2008



Modules - ApoTome

» Grid Visible: The behavior of the live image is the same as in

conventional camera mode. No processing takes place. As the grid is
located in the beam path, it is also visible in the live image. The grid is
moved up and down constantly, to prevent grid lines being "burnt" into
the sample as a result of the bleaching effects of the fluorescent dye.

Optical Sectioning: In this mode three images are acquired, combined
online into an optical section, and displayed. As this mode requires the
acquisition of three raw images, the speed of the live image is reduced
accordingly.

NOTE:

In this mode, if you change the focus on the microscope or the position
of the sample, artifacts, in the form of lines, may appear in the live
image for a short time. The same effect can occur if vibrations are
passed on to the microscope. The lines disappear from the live image
as soon as the sample is stabilized again.

Conventional Fluorescence: In this mode two raw images are
acquired, and the grid position is displaced in each case by precisely
the width of the lines. From these two raw images, an image that
corresponds to the conventional fluorescence image (wide field) can be
calculated. This mode enables you to make comparisons between the
conventional fluorescence image and the optical section.

@
Image acquisition is triggered using the ; button on the toolbar.

Four settings are available for image acquisition in ApoTome mode
(Settings property page in the ApoTome dialog).ccc

» No Processing: The behavior of image acquisition is the same as in

conventional camera mode. No processing takes place. As the grid is
located in the beam path, but is moved constantly up and down, the
image acquired corresponds to a conventional fluorescence image.
This setting is only used if you are carrying out automated image
acquisition in several channels, and processing needs to be switched
off, e.g. to acquire a transmitted light or a phase contrast image.
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>

>

Optical Sectioning: In this mode three images are acquired, combined
online into an optical section, and displayed.

Conventional Fluorescence: In this mode two raw images are
acquired, and the grid position is displaced in each case by precisely
the width of the lines. From these two raw images, an image that
corresponds to the conventional fluorescence image (wide field) can be
calculated. This mode enables you to make comparisons between the
conventional fluorescence image and the optical section.

Raw Data Mode: In this mode the raw image acquisition data are
saved (i.e. the individual images with the various grid positions are
saved internally). The advantage of this mode is that it allows you to
switch between the algorithms (Optical Sectioning versus
Conventianal Fluorescence) after image acquisition:

e To do this, open the shortcut menu for the acquired image by
clicking on the Properties icon at the bottom edge of the image.
screen Alternatively, you can also open the shortcut menu by right-
clicking in the acquired image.

ApoTome Image propery page:
]

ApoTome Image ||'!‘| OB e jmmc |[@ [P [ Hi | E Mea.. |
Display Mode

¥ Image Mormalization

WF | SEC ; -
[~ Display Mormalization

Filker:
IWeak 'I
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Click on the WF (Widefield = Conventional Fluorescence) or SEC
(Section = Optical Sectioning) buttons to switch between the
corresponding algorithms. The filter used to remove residual lines in
the image (Filter drop-down list box) and the display scaling (Auto
Display Scaling) can also be adjusted. The application of the
algorithm takes place purely in the display plane of the image data and
does not change the original raw data.

NOTE:

In order to process ApoTome data in AxioVision using the 3D
Deconvolution module, you must acquire the image in the Raw Data
Mode.

Acquiring images in the Raw Data Mode substantially increases the
memory required for the image data. In the Averaging default setting,
for example, it is increased by a factor of 3 in comparison to an image
acquired with ApoTome in the Conventional Fluorescence or Optical
Sectioning modes. If the Averaging value is increased by 2 or 3, the
resulting memory requirement increases by a factor of 6 or 9. We
therefore recommend that you use the SIMConvert function to convert
the raw data to an optical section or a conventional fluorescence
image, thereby substantially reducing the data volume again (e.g. after
using 3D Deconvolution or for 3D reconstruction of an image stack
using the Inside 4D module.)

The thickness of the Optical Section can be displayed in the Depth
Info field on the Extras property page.

ApoTome Depth Info @

DAPT FITC | RHOD,
RL: 0.4 0.3 0.3
Micrometer: 0.4 0.5 0.5

AxioVision User's Guide, Release 4.7 9-31



Modules - ApoTome

¢ Depending on the sample, fluorescent dye, exposure time etc., fine
residual lines may be visible in the resulting image in ApoTome mode.
These lines can be removed using the filter. You can select Off, Weak,
Medium and Strong.

e The residual lines are displayed in the Fourier space as points along a
vertical line. The filter "removes" a defined group of points from the
Fourier spectrum.

Start with the setting Weak. If residual lines can still be identified in the
image, increase the setting step by step. As the filter is used during the
calculation of the optical section, a new image must be acquired whenever
changes are made to the filter setting.

A further increase in image quality can be achieved if you use a value of 2
or higher in the Averaging field.

& ApoTome Averaging [Noise ... El

If you use the value 2, for example, two ApoTome images are acquired and
averaged. This method significantly reduces the noise component. An
additional effect is the reduction or removal of residual lines in the image.

Multidimensional acquisition with the ApoTome

The ApoTome functions are fully integrated into AxioVision’s automatic
image acquisition modes. You can perform acquisition of multichannel
fluorescence images, z-stack images, time lapse images, MosaiX and any
combination of these modes using the ApoTome. The images are acquired
in accordance with the settings made under Acquisition menu = ApoTome
function = Acquisition Mode. A precise description of the
Multidimensional Acquisition functionality can be found in section
"Multidimensional Acquisition".
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A prerequisite for the above is calibration of the system as described in
chapter 8 under the headings "Configuration" and "Scalings". Essentially,
for multidimensional acquisition the same functions as those described in
the previous sections apply.

If, during multichannel image acquisition, components that are responsible
for the fluorescence wavelength being used are operated automatically, for
example, a focus calibration must be available for each combination. The
crucial components are:

Reflector nosepiece

Colibri

External excitation filter wheel (e.g. Ludl, Sutter)
Sutter DG-4 or DG-5

T.I.L.L. Photonics Polychrome V

If a grid focus calibration is not available for a combination of the above
external components, a single image is acquired automatically without any
shifting of the grid. This artifact is usually easy to identify as an image with
clearly pronounced fringes. For better control of image acquisition, open
the ApoTome: Status window (Acquisition menu = ApoTome = Status
function). This window will inform you if, during multidimensional image
acquisition, a microscope status is set for which no ApoTome focus
calibration is available.

Accelerated image acquisition with the ApoTome
{(burst model

With the ApoTome, the speed of image acquisition (image rate) is limited
by the following:

1. At least three raw images have to be acquired for a resulting image.

2. During image acquisition, as much as possible of the gray-value range
of the camera in question should be used. This generally results in
exposure times that prevent high acquisition speeds from being
achieved.
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However, provided that acquisition takes place in one fluorescence channel
only, it is possible to increase the image acquisition rate to a value in the
region of 4 to 5 images/s. To achieve these values, follow the procedure
below:

>

»

Open the ApoTome: Status window (Acquisition menu = ApoTome
= Status function).

In the ApoTome Dialog on the Camera property page, set a frame
that is as small as possible (e.g. 512 x 512 pixels or smaller).

Tip:

If your requirements with regard to optical resolution allow, you can
increase the binning on the camera to 2x2 (Kamera work area=
Frame property page). This function makes it possible to reduce the
camera’s exposure time by around a factor of 4, at the expense of the
resolution in the image.

For the ApoTome: Acquisition Mode, select the Raw Date Mode
setting (ApoTome property page = Settings property page).

i= ApoTome Acquisition Mode El

{:} Mo Processing

(#) Optical Sectioning

(") Conventional Fluorescence
() Raw Data Mode

In the work area, select the Multidimensional Acquisition entry and
then the C (Channels) property page.
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Make sure that no Hardware Settings has been selected for the
During Acquisition and After Acquisition drop-down list boxes.

Hardware Settings
During acguisition ...

3
After acquisition ...

3
Focus @ Current () Aukofocus

Determine an optimum exposure time by clicking on the

button. A pop-up window containing a live image
(874
opens. Confirm the exposure time by clicking on . If

necessary, the measured exposure time can be reduced manually by
around 10 to 20%.

Exposure Time

Ims 30s
388“15 -\1"' Attt il ?‘_,.
5% S00%,
04 5 ﬁ%nuuuuunl H!:‘_

Measure

Select the T (Time) property page and activate the
[ Time Lapse check box.

Set the Interval Settings to Maximal Speedt or alternatively the
Interval to 0.

Interval Settings

() Maximal Speed

(&) Interval 1000 % |Second v

AxioVision User's Guide, Release 4.7 9-35



Modules - ApoTome

>

In the Duration Settings field, define either the number of cycles
# Cycles (e.g. 50) or the Duration.(e.g. 15s).

Duration Settings

(#) # Cycles | 50 % | Calculate
() Duration

Click on the lﬂjbutton to start acquisition of the image sequence.
In the ApoTome Status dialog the message Calibrated Burst Mode:
ON is displayed.

In this mode the image data are acquired as quickly as possible, with
the grid being constantly shifted. The optical sections are only
calculated after acquisition (and following a staggered pattern, i.e. the
last 3, 6, 9 raw images etc.), according to the setting of the ApoTome's
Averaging function, with different grid positions.

This technique increases the image rate by around a factor of 3, but
not the temporal resolution, as rapidly moving particles on the sample
can nevertheless lead to movement artifacts in the resulting image due
to the exposure times selected during the acquisition of the raw data.

The image view (Optional Secitoning / Conventional Fluorescence)
can be switched at any time, on the basis of the raw data acquired. The
corresponding settings are made on the ApoTome Bild property page
in the shortcut menu of the acquired image.
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NOTE:

e A further slight increase in acquisition speed can be achieved by
deactivating the Show preview at Start check box in the
Multidimensional Acquisition work area = Experiment property

page.

Experiment
Mame:

I*

[ Load V] [ Save V] [@ FieUse]

Image name:
Experirment

Showw preview at Stark

Objective - grid allocation

The following tables provide an overview of the allocation of grids to

objectives.

Axio Imager

optical section

recom. | thickness @ 490 nm

Objective V NA | Immersion | DAPI grid (RU/um)
EC-Plan-Neofluar

10x/0,3 10 0.3 Air v L1 1.01/11.04
EC-Plan-Neofluar

20x/0,5 20 0.5 Air v M 1.03/4.05
EC-Plan-Neofluar

40x/0.75 40 | 0.75 Air v H1 1.09/1.89
EC-Plan-Neofluar

40x/1,3 Qil 40 1.3 Qil v M 1.07/0.94
EC-Plan-Neofluar

63x/0.95 Korr 63 | 0.95 Air x H1 0.7/0.76
EC-Plan-Neofluar

63x/1,25 Qil 63 | 1.25 Qil v H1 1.08/1.03
EC Plan-Neofluar

100x/1,3 Qil 100 1.3 Qil x H1 0.71/0.63
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optical section
recom. | thickness @ 490 nm

Objective \ NA | Immersion | DAPI grid (RU/um)
LCI Plan-Neofluar Oil, water

25x/0,8 Imm. Korr. 25 | 0.8 | orglycerine v L1 0.88/1.35
LCI Plan-Neofluar water or

63x/1.3 Imm. Korr. 63 1.3 glycerine v H1 1.08 /0.96

Plan-Apochromat

10x/0,45 10 | 045 Air v L1 1.45/6.88
Plan-Apochromat

20x/0,8 20 0.8 Air v L1 1.08/1.65
Plan-Apochromat

40x/0.95 Korr 40 | 0.95 Air v H1 1.07/1.16
Plan-Apochromat

40x/1.0 Ol 40 1.0 Qil v HA1 0.85/0.84
Plan-Apochromat

40x/1.3 Qil 40 1.3 Qil v M 1.07/0.94
Plan-Apochromat

63x/1.0 W 63 1.0 water v H1 0.93/1.22
Plan-Apochromat

63x/1,4 Oil 63 1.4 Qil v H1 1.06/0.81
Plan-Apochromat

100x/1,4 Oil 100 14 Qil v H1 0.7/0.53
LD-LCI-Plan- Oil, water

Apochromat 25x/0.8 25 0.8 | or glycerine v L1 0.88/1.35

C-Apochromat

10x/0,45 W 10 | 045 water v L1 1.42/6.88
C-Apochromat
40x/1,2 W 40 1.2 water v M 0.94/0.85
C-Apochromat
63x/1,2 W 63 1.2 water v HA1 0.95/0.86

LD C-Apochromat
40x/1.1 W 40 | 141 water v M 0.94/1.02

alpha Plan-Fluar

100x/1.45 oil 100 | 1.45 Qil * H1 0.67/0.48
alpha Plan-
Apochromat
100x/1,46 Oil 100 | 1.46 Qil * HA1 0.67/0.47
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Axio Observer /| Axiovert 200

optical section

recom. | thickness @ 490 nm
Objective V NA | Immersion | DAPI grid (RU/um)
EC-Plan-Neofluar
10x/0,3 10 0.3 Air v VL 0.90/9.81
EC-Plan-Neofluar
20x/0,5 20 0.5 Air v VH 1.37/5.36
EC-Plan-Neofluar
40x/0.75 40 | 0.75 Air v VH 0.93/0.90
EC-Plan-Neofluar
40x/1,3 Oil 40 1.3 Qil v VL 0.75/0.66
EC-Plan-Neofluar
63x/0.95 Korr 63 | 0.95 Air x VD 0.82/0.89
EC-Plan-Neofluar
63x/1,25 Qil 63 | 1.25 Qil v VH 0.93/0.89
EC Plan-Neofluar
100x/1,3 Qil 100 | 1.3 Qil x VD 0.83/0.73
LCI Plan-Neofluar Oil, water
25x/0,8 Imm. Korr. 25 0.8 | or glycerine v VL 0.78/1.20
LCI Plan-Neofluar water or
63x/1.3 Imm. Korr. 63 1.3 glycerine v VH 0.93/0.82
Plan-Apochromat
10x/0,45 10 | 0.45 Air v VL 1.26/6.09
Plan-Apochromat
20x/0,8 20 0.8 Air v VL 0.95/1.46
Plan-Apochromat
40x/0.95 Korr 40 | 0.95 Air v VH 0.92/0.99
Plan-Apochromat
40x/1.0 Oil 40 1.0 Qil v VH 1.28/1.91
Plan-Apochromat
40x/1.3 Qil 40 1.3 Qil v VL 0.75/0.66
Plan-Apochromat
63x/1.0 W 63 1.0 water v VD 1.09/1.42
Plan-Apochromat
63x/1,4 Oil 63 1.4 Qil v VH 0.91/0.69
Plan-Apochromat
100x/1,4 Qil 100 | 14 Qil v VD 0.81/0.62
LD-LCI-Plan- Qil, water
Apochromat 25x/0.8 25 0.8 | or glycerine v VL 0.78/1.20
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optical section

recom. | thickness @ 490 nm

Objective \ NA | Immersion | DAPI grid (RU/um)
C-Apochromat

10x/0,45 W 10 | 045 water v VL 1.26 /6.09
C-Apochromat

40x/1,2 W 40 1.2 water v VH 1.25/1.13
C-Apochromat

63x/1,2 W 63 1.2 water v VH 0.82/0.74
LD C-Apochromat

40x/1.1 W 40 1.1 water v VH 1.25/1.35
alpha Plan-Fluar

100x/1.45 Qil 100 1.45 Qil x VD 0.79/0.56
alpha Plan-Apochromat

100x/1,46 Oil 100 1.46 Qil x VD 0.78/0.54
Axioplan 2 imaging e

optical section
recom. | thickness @ 490 nm

Objective \ NA | Immersion | DAPI grid (RU/um)
EC-Plan-Neofluar

10x/0,3 10 0.3 Air 0 PL 0.95/10.30
EC-Plan-Neofluar

20x/0,5 20 0.5 Air 0 PL 0.77/3.02
EC-Plan-Neofluar

40x/0.75 40 | 0.75 Air 0 PH 0.98/1.71
EC-Plan-Neofluar

40x/1,3 Ol 40 1.3 Qil 0 PL 0.79/0.70
EC-Plan-Neofluar

63x/0.95 Korr 63 | 0.95 Air 0 PH 0.64/0.69
EC-Plan-Neofluar

63x/1,25 Qil 63 | 1.25 Qil 0 PH 0.98/0.93
EC Plan-Neofluar

100x/1,3 Oil 100 | 1.3 Qil 0 PH 0.65/0.57
LCI Plan-Neofluar Oil, water

25x/0,8 Imm. Korr. 25 0.8 | or glycerine 0 PL 0.82/1.26
LCI Plan-Neofluar water or

63x/1.3 Imm. Korr. 63 1.3 glycerine 0 PH 0.98/0.86
Plan-Apochromat

10x/0,45 10 | 045 Air 0 PL 1.32/6.40
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optical section

recom. | thickness @ 490 nm
Objective V NA | Immersion | DAPI grid (RU/um)
Plan-Apochromat
20x/0,8 20 0.8 Air 0 PL 1.00/1.54
Plan-Apochromat
40x/0.95 Korr 40 | 0.95 Air 0 PH 0.96/1.05
Plan-Apochromat
40x/1.0 Oil 40 1.0 Qil 0 PH 0.77/0.76
Plan-Apochromat
40x/1.3 Qil 40 1.3 Qil 0 PL 0.79/0.70
Plan-Apochromat
63x/1.0 W 63 1.0 water 0 PH 0.85/1.10
Plan-Apochromat
63x/1,4 Oil 63 1.4 Qil 0 PH 0.96/0.73
Plan-Apochromat
100x/1,4 Qil 100 | 14 Qil 0 PH 0.63/0.48
LD-LCI-Plan- Qil, water
Apochromat 25x/0.8 25 | 0.8 | orglycerine 0 PL 0.82/1.26
C-Apochromat
10x/0,45 W 10 | 0.45 water 0 PL 1.32/6.40
C-Apochromat
40x/1,2 W 40 1.2 water 0 PH 1.31/1.19
C-Apochromat
63x/1,2 W 63 1.2 water 0 PH 0.86/0.78
LD C-Apochromat
40x/1.1 W 40 1.1 water 0 PH 1.32/1.42
alpha Plan-Fluar
100x/1.45 oil 100 | 1.45 Qil 0 0.61/0.43
alpha Plan-
Apochromat
100x/1,46 Oil 100 | 1.46 Qil 0 0.60/0.42
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Other ApoTome Settings

In addition, the following control elements can be found on the Extras
property page:

ApoTome: Auto Shutter

If Automatic Shutter Control is activated, the shutter is controlled
automatically if

1. the live image is opened or closed
2. animage is acquired

This function is useful in order to protect the sample against the bleaching
of fluorescence and is activated as a default setting when the software is
installed.

ApoTome Display Normalization

The algorithm used to calculate the optical section reduces the image’s
gray value range. If the Display Normalization function is activated, the
display characteristic curve is automatically adjusted to guarantee a bright,
high-contrast display of the gray values.

This function is activated as a default setting when the software is installed.

ApoTome: Status

This field displays status information relating to the ApoTome and image
acquisition with the ApoTome. It makes sense to have this window open or
to integrate it into your own customized dialogs so that any problems with
the system can be analyzed quickly.
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Conversion of ApoTome images from raw data
mode

If you select the Raw Data Mode for image acquisition with the ApoTome,
the size of the data is increased by a factor of 3, 6, 9 etc. in accordance
with the settings under Averaging. If you are acquiring z-stack images,
images in several fluorescence channels or time lapse images, this can
lead to enormous volumes of data that can be difficult to work with during
subsequent analyses. The SIMConvert function converts the raw data to
an optical section or a conventional fluorescence image with a substantially
reduced data volume.

Use of this function is strongly recommended after you have acquired a z-
stack in Raw Data Mode and processed it using the AxioVision 3D
Deconvolution module.

To perform conversion, follow the procedure below:

» Click on the ApoTome image that you want to convert.

» Click on the ApoTome entry in the work area.

» Open the function tree by clicking on screen in front of the ApoTome
entry — click on SIMConvert. The parameters for the function are listed
underneath the work area.

%) simConvert |

Mew image On w

Combine Mode Conventional Fluorescent »

Filter uli; -
Image Mormalization Off w
Dizplay Mormalizatic Off W
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» Adopt the settings in the top Parameters field. The default settings
ensure that the selected image is processed and a new image is
created automatically (the original file is retained). The Enable
channel selection check box should be deactivated, as generally all
the channels in an image should be converted in the same way.

Four parameters are available in the lower area of the property page for the
actual conversion Combine Mode, Filter, Image Normalization und
Display Normalization:

» Combine Mode: This parameter determines the algorithm used to
convert the image. You can select from Conventional Fluorescence
or Optical Sectioning.

> Filter: Depending on the sample, fluorescent dye, exposure time etc.,
fine residual lines may be visible in the image that results from the
conversion. These lines can be removed using the filter. The options
Off, Weak, Medium and Strong are available.

The filter function makes use of the fact that the residual lines are
displayed in the Fourier space as points along a vertical line. The filter
"removes" a defined group of points from the Fourier spectrum, thereby
removing the residual lines.

» Display Normalization: The algorithm used to calculate the Optional
Sectioning reduces the gray value range of the image data, depending
on the specimen and the acquisition conditions. The On functional
parameter automatically sets the image’s display characteristic curve
so that a bright, high-contrast image is displayed. The Min/Max
function of the display characteristic curve is used, which sets the
display characteristic curve on the basis of the darkest and brightest
gray value in the image histogram. If a z-stack is converted, the image
plane that is currently set in the active image is used to determine the
Min/Max value for the entire image stack.
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» Image Normalization: As described under "Display Normalization", the
algorithm used to calculate the Optional Sectioning reduces the gray
value range of the image data, depending on the specimen and the
acquisition conditions. As the so-called floating point format is used for
raw data acquisition with the ApoTome and the subsequent
combination of the gray value data, during the conversion from floating
point back to gray value, a normalization function can be applied
directly to the data to display a bright, high-contrast image. The On
parameter activates this form of normalization.

NOTE:

¢ IfImage Normalization is switched on, Display Normalization is no
longer necessary, as the result of both functions has the same effect
for the user. For the conversion of a z-stack, the Image Normalization
function offers advantages, as the gray value distribution of all image
planes can be taken into account.

ApoTome: HDR Maode

By activating the HDR Mode, images with an expanded dynamic range can
also be acquired in ApoTome mode. For further details, please refer to the
description of HDR Snap and the AxioVision manual.

If the ApoTome is operated in HDR Mode, the corresponding number of
images will be acquired for each grid position with various exposure times
and, from this, an HDR image will be calculated for each grid position. The
ApoTome calculation will then be performed on these three HDR images.
This will ultimately result in an optical section with an expanded dynamic
range.

Because in the HDR Mode several images are acquired with very long
exposure times, residual fringes may occur in the ApoTome optical section
as a result of bleaching effects. In this case, it is necessary to use the
ApoTome filters in order to suppress the residual fringes.

The additional time required for calculating the HDR image can lead to
delays in the displaying of the preview when multidimensional images are
acquired. In this case, the preview should be deactivated.
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9.2 Autofocus

General

Autofocus enables you to focus a sample automatically. To do this, you
need a microscope with a motorized z-drive. Autofocus can be operated
with all cameras that are available for use with AxioVision, with the
exception of those that are only controlled via a TWAIN interface. You can
use this functionality for the illumination methods reflected light, transmitted
light, bright field and dark field, as well as fluorescence.

NOTE:
e The Autofocus functionality is not suitable for the contrasting methods
Phase Contrast and DIC.

To make it possible to focus samples automatically with the different
microscopy procedures and at all possible magnifications, it is necessary to
carry out calibration in advance on a sample which has been focused
manually. The calibration requires information on the objective and optovar
magnification, the numerical aperture of the objective being used, the
illumination method and, if you are using a digital camera, the
corresponding resolution.

If all the components of your microscope are motorized, AxioVision
determines these parameters automatically. Otherwise the missing
calibration data have to be entered manually.

NOTE:
e We recommend that you recalibrate the system whenever microscope
components have been changed.
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Calibrating Autofocus

Preparation
Switch the light path to the camera. Open the live image window by clicking

o8 |
on the icon for the live image in the Standard toolbar . Alternatively,
select the Live function in the Acquisition menu.

» Now focus the camera image and select the frame to be acquired.

Calibration
» Select the Autofocus function in the Acquisition | Processing  Annotat
Acquisition menu. Select Camera
ApoTome Mode
Cameras
ApoTome
o Live
? Snap Fz
PF pokoforus
> Activate the Settings property page. x
Focus | Calibration = Settings |
» Make sure that the settings for the type Misiassze et Tupe
of Illumination, Objective, Optovar [Gnkronn |
and live image speed match those on
your system. Dbjective
5 10 ) 20 ) 20 | 40| B3
8 S8 e 8 s
NOTE:

e The setting options depend on your system configuration and may
differ from those shown here.
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» Now activate the Calibration property
page.

» Check the settings for Microscope and
Camera.

NOTE:

e Ifindividual components are not
encoded or motorized, you must enter
the relevant information here using the
keyboard.

» Then click on New to create a new
calibration with these settings.

> Enter a name for the calibration and
click on OK.

I3 Autofocu x|
Focus  Calibration | Settings
— Calibration
Calibration:
=
Mew... Delete | Lalibrate...
—Microscope—————————————————————
Type |<N0ne>
lllurnination: |<None>
Objective: |<NUHE>
M.A |<N0ne>
\ Optavar: |<None>
- Camera
Type |<Nune>
Live Speed: |<N0ne>
ﬂ

| Calration1

The calibration process is now started
automatically.

Using Autofocus

Cance!

The quickest and easiest way to use the Autofocus is to run it directly via
the toolbar at the bottom of the live image window.

If the results are unsatisfactory, you can make fine adjustments via the
Autofocus property page. A detailed description of the parameters
available there can be found in the online help.

Use of the Autofocus together with the other modules for image acquisition

is described in the relevant sub-sections.
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NOTES:

e Before the Autofocus can be used, calibration must be carried out for
the microscope and camera setting you are using. See the preceding
chapter.

e If problems arise during execution or if execution is not possible for
certain reasons, please check the Autofocus function in the
Acquisition menu. Activate the Focus tab and look under Status.
There you will receive an indication as to why the execution process
has failed.

> Make sure that the Standard v | Standard
toolbar is displayed: right-click

Display
on the menu or any toolbar and
activate Standard (there must Acquisition
be a tick in front of it). Measure
Microscope

Annotations

Measure Annaotations

WorkFlow Ctrl+E
Workarea Chrl-+

Skatus

Cuskamize, ..

» Switch the light path to the 1)
camera. Then click on the icon
for the live image in the
Standard toolbar.

Live
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> If the tool bar of the live image _10| x|
window is not displayed, right- @&, normal view (1:1)
click in the live image and ko Zom
activate the Live tool bar Zoonly
On/Off entry (there must be a a iz““n’nt

tick in front of it). & -zoom

F7™ Ruler

E Live tool bar GnfOFf

E Live skakus bar OnfOFF

Focus bar

Restart Focus bar

Close after Snap

| &8 o e -

Live window properkies
J Jnr

izl Slow

J UserPivel 2vsc

Medium
JI Fast [
forf Jluzs [ " 4

> Now select the frame to be
acquired on the sample, and J CH®o & -
then click on the AutM,J Tar
button in the live image toolbar.

> Now click on Snap to acquire Cr—m
an individual image. _@

NOTE:

e If the result of the focusing is not satisfactory, you can make further
adjustments via the Autofocus function. To do this, select the
Autofocus function in the Acquisition menu. Activate the Focus tab
and make the desired adjustments.
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9.3 Multidimensional Acquisition

Images with more than two dimensions cannot be acquired using your
camera’s normal acquisition function. These kind of images may consist,
for example, of several channels or a time lapse series. For these images
AxioVision requires additional information, such as the number of channels,
z-planes etc. This collection of information is referred to within AxioVision
as an "experiment".

In the work area you will find Multidimensional Acquisition. If you click
here the Experiment property page opens. The control elements for the
modules Multichannel Fluorescence, Z-Stack, Mark&Find and Time Lapse
appear here, depending on which modules you have purchased.

The Experiment property page contains an overview of the modules that
are installed and a selection of important control elements. From this page
you can perform a wide range of functions to control, modify, save and
execute a previously prepared experiment.

On this page you can re-use settings of already acquired images via the
Reuse function.

Each module also has its own tab, on which the essential settings can be
made.

NOTES:

¢ Please note that you may not have access to all of the modules and
functions described here. This depends on the options you have
purchased.

e For detailed information on the individual functions and commands,
please refer to the online help (F1 key).
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Fow do I create an experiment?
» In the work area click on Multidimensional Acquisition.

— ApoTome

L& acalings

g rultidirnensional Aogquisition
*+ Extended Focus Acguisition

gd Decorwolution

» In the work area you will now see the Experiment property page.

| tExperiment |@ C |§ Z |JI-L T ||:I = |

— Optiong
€9 ¥ bulicharnel € 3 Channels
= W ZStack 2 20/0.325um

(& W Timelapse -T  20/10.000 se
=n W Positionist 347 4 Positions

— E xperiment
Mamne:

|3-KanaI-Timelapse-Z-S tapel

= Loadl Save 'l ] HeUsel

Image name:
IE wperiment_

— Settings for Experiment
Before experiment ...
| o

After experiment ...

| 7

Reset | Start |
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NOTE:

>

>

>

>

Please bear in mind that the options listed here are only displayed if
the corresponding modules are available.

In the Options field the dimensions for your experiment can be
selected.

Options
@ ¥ Mullichanmel -© 3 Channels

= W ZStack Z 20/0.325 pm
8 M Timelapse T 20410000 5=

= ¥ Positionlist ¥ 4 Positions

In the Experiment window the name of the current experiment is
displayed.

r— Experiment
M arme:

|3-KanaI-Timelapse-Z-Stapel

= Lnadl Save 'l b FleUsel

Image name:;

IE:-:periment_

The default experiments name is "Default_Setting". The default name
S IEHperiment_

for an acquired image i . A serial number
will be attached to this name after acquisition. You can specify the
basic name for the acquired image here before acquisition.

Make the desired settings for your experiment and click on

S . A dialog is then opened. Save your new experiment.

Click on , select an experiment from the list of experiments
and click on OK.
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5|
Location | Name [ Channets | ZStack | Timelapse Positions_|
Personal 3-Charnel-Fluorescence  3: Rhodamine FITC DARI
Personal 3Charnel-Timelapse 3 Rhodamine FITC DAPI 11 /60000000 sec
Personal: BKanalTZ2 8 chlfitc ch2Rhodaminefi . 5/ 4826000 um 10/ 4.000000 sec
Perzonal: Default_Setting 2: Brightfield Channel2 2000 / 2000000 sec 4 Pos
Personal: transmittedfiterhod 3 FITC-AF Rhodaminefiee.. 108/ 4.845000 .
ok | concel | Load Fie.. |

Once this experiment has been loaded, the settings it contains are

adopted.

If you want to adopt these settings from a ZVI image that has already

been saved, click on , select the desired image, and confirm
with OK. Only the acquisition settings used for this image are adopted.
The image itself is not loaded. This function makes it easier for you to
acquire images under reproducible conditions.

» To execute the experiment, click on ﬂl.

9-54

M 60-4-0004 e / printed 05.2008



Modules - Multidimensional Acquisition

Multichannel Fluorescence module

With the Multichannel Fluorescence module you can define up to 8
channels to be used for acquisition. These channels are saved together in
a ZVI document. This allows you, for example, to switch quickly back and
forth between the various views to compare different channels.

NOTES:

¢ Please note that you may not have access to all of the modules and
functions described here. This depends on the options you have
purchased.

e For detailed information on the individual functions and commands,
please refer to the online help (F1 key).

How do I create a multichannel experiment?

In the following example a 3 channel fluorescence image should be
generated. The channels should be configured for the fluorochromes
Rhodamine, FITC and DAPI. Please use a test sample to test the settings.

NOTES:
e The following instructions require use of a motorized microscope.

¢ You should also be able to generate, edit and apply settings in the
Settings Editor and should already have generated channel-specific
settings (see chapter 8 "Configuration" - "Settings Editor"). The
hardware components available to you may differ from those shown in
this example.

» In the Workarea activate the property pages under Multidimensional
Acquisition:
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Workarea

----- Microscope
ok® ApoTame
----- 1% Scalings

=

----- &' Deconvolution
|4 Image Processing
-4 Measurements

x
rF
2 Multidirmensional Acquisition
Extended Focus Acquisition
=

) Experiment |@ C|EFz|@B71|=mx

— Optiohz

P

Lri

%9 ¥ tdulticharnel € 1 Channel
= [ ZS5tack £ 3/1.000 pm
" Timelapse T 1/1.000 sec
2 [ Posiionlist 207

— Experiment
M ame:

IDefauIt_Setting

& Load |

Save 'l P HeUsel

Go to the C property page @ < | To generate various channels, you
need to enter the channel-specific parameters here.

From the Dye field select the Rhodamine fluorochrome.

Fhodamine

MitaT racker Orange
MitoTracker Red
Phaze

Rhodamine
SYT0X Blue
SYTOR Green
Sv'TOx Orange
Terasred
TRITC

FP

[ ]
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Once the dye has been selected, a suggested channel color with

wavelengths for excitation and emission maximums are assigned to the
channel.

If you do not like the suggested color, you can change it (e.g. to 100%
red) by making a selection from the list:

Colar I -
M ame: |
@ Green
Shap | W e
O el
— Expozure O cyan
Time: M tagenta
|4u A white
“1E Custorn

A channel name is automatically generated from the dye
Ithdamine

but can be changed if needed, e.g. to reflect the

Rhodamine-fised
type of exposure used

Now allocate a hardware setting to the channel. To do this, select
"Rhodamine.zvhs" from the list in the field During Acquisition:

Hardware Seftings———————————————
Diuring acquizsition ...
Fhodamirne. zvhs j

DaP.zvhs
FITC.zvhs
Rhodamin.zvhs
R hodami his

|— Shutter clozed 2vhs

» You can test this setting by clicking on the button. This opens the
fluorescence shutter, and switches the reflector to the correct filter
position.
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» Repeat the procedure for the next field, and select the setting "shutter
closed.zvhs". This ensures that the shutter is closed immediately after
After acquisition
. IShutter clozed. zvhs j
acquisition .

» To determine the exposure time for the Rhodamine channel, click in
the Exposure field and then click on the button. The
hardware settings you have selected are now applied to the
microscope and a dialog is opened:

x|
Tmz 20s
[ o iyt
B% 500
90 % QJ ;=]— ' """""" i | =
v Automatic
Exposure for Z-5tack
# Slices used I
Calzulate |
ak I Cancel |

» To set the correct exposure time, click on the button and

close the dialog by clicking on . The new exposure time is

Made:

now entered and used for the channel (| © Aue @ Fied  C Cameia )

» Add a new channel to your experiment. To do this, click in the
o~ :

Extended Channel Parameters dialog on . A copy of

the channel you have already configured is then added to the

experiment.

9-58 M 60-4-0004 e / printed 05.2008



Modules - Multidimensional Acquisition

1]

Settings
Diye:

Calar:
M arne:

Snhap

IHhodamine vl
[ — - | ]
IChanneI2

| Extended parameters .

» Now change the settings that are relevant for the new channel (channel
name, dye, hardware setting during acquisition, exposure time

measurement):
|
— Settings
Dipe: IFIT [ - l
Color: [ -]
Mame: |F|T [
Snap | Extended parameters ]
— Exposure
Time:
172 :ll ms measLre
Mode:
 Auto & Fized " Camera
— Hardware Settings
During acquisition ...
[FITC.2vhs =
After acquisition ..
IShutter cloged 2vhs j

» Duplicate the second channel, and change it accordingly for the DAPI

dye:
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]
— Setfting
Dipe: IDAF‘I vl

Colo: [ — | ]
Mame: IDAP|
Shap | Extended parameters ]

— Expozure
Tirne:

|23 :II s MEaIUIE
Mode: -
 Auto % Fined £ Camera

— Hardware S etting:
Diuring acquisition ...

[DaPL2vhe =]
After acquisition ...
IShutter clozed zvhs j

» You can add together up to 8 channels in this way.

» You should now save the settings you have made as a new experiment
(see above), so that you can use them again in the future.

» To acquire your 3-channel image, click on il. During
acquisition a progress bar informs you about the procedure:

F
Cancel |
Acquisition - C=1, T=1,2=1, P=1

Camera busy

3 zecond(s] remaining

» If you want to cancel the acquisition, click on Cancel.
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The resulting image appears in the image area, where it can be operated
using the player:

-ioix

i} 1o 200 300 00 o0 BO0 um
i o 0 o o f 0 o o o0 o o o o @ o0 o o o 0 0 5 ol o o o 5 0 o o o oD

E
30 Vigw |

e [z

This image has not been saved, as you can see from the * symbol in the
image name. Save the image. The program remembers the last storage
location that you searched for.

How do I manage channel settings (working with the
channel pooll?

Above you have seen how to configure channels for multichannel images
and save them as an experiment. An experiment therefore contains
settings that are specifically intended for that particular experiment. As time
goes by you will find channel settings that can be applied in many different
cases. You may also wish to combine channels from different experiments.
The "channel pool" has been created for these kinds of requirement. These
instructions describe how to work with the channel pool.
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NOTE:
The following instructions require use of a motorized microscope. The
hardware components available to you may differ from those shown in
this example. You must also be able to generate, save and load
experiments and have already created a multichannel experiment.

» Load an available multichannel experiment. In this example a 3-
channel experiment (Rhodamine/FITC/DAPI) is loaded. If you go to the
Channel property page, you should see e.g. the following channel
parameters:
| @y Evpein. DE[Z 2T ey |

L]
— Settings
Doy IHhodamine j
Color [ — | ]
Marne: IHhodamine
Snap | | Extended parameters I
— Exposure
Tirne:
a0 :Il i INEEENE
fode:
" Auto % Fied " Camera
—Hardware Settings
Diwring acquisition ..
IHhodamine.zvhs j
After acquisition ...
IShutter closed.zvhs j
Focus & Cument " Autofocus
— Channels
|ﬁ Load | | Duplicate |
|ﬂ Save | |>( Femave |
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» Select the Rhodamine channel: In the Channels field click on

|E Save

» Repeat this for the other channels.

» Now remove the channels from the experiment by clicking repeatedly

on X Remove | The C (channel) property page should now only
contain one channel.

~u
» Now click on the |E’ L= | button. The channel pool opens as
a new dialog:
x
Channel # |1 E E | 4 |
Name Channell Rhodamine FITC peF
Charnel Color _—_ - | .
El Exposure Time [ms] 40 27 126 116 =
Exposure Mode Channel settings Channel settings Charinel settings Channel settings |~
Mawimum pikel intensity [%] 100 a0 a0 0 =
Setting during acquisition Rhodamine.zvhs FITC.zvhs DAFL.zvhs w |Go
Setting after acquisition Shutter closed.zvhs Shutter closed.zvhs Shutter closed.z » | G
Dye Fihodamine FITC APl hd
Dizplay settings System default Preset gamma and bla... Preset garmma and bla... Preset gamma and -
Focussing Current focus position  Current focus position  Current focus position Current focus prw |
User interaction
— Edit Paol
Add Copy | Add Default | Remaove | Fit to window
— Edit Experiment
Add to Experiment Cloze Pool | Cancel Pool |
&

The size of this dialog can be changed to give you sufficient space to
work with the channel parameters.
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» Now select the Rhodamine channel ...

2

Rhodamine

172 ="
=
Channel settings ﬂ
100 ==l
=
Fhodamin. zvhs - |Go

Shutter closed.zvhs » | Go

Snap
Fhodamine ﬂ
Edit E=periment——
’7 Add to Experiment |
and add it to the empty experiment by clicking on the
C . Close Pool )
button. Clicking on the channel pool is closed and the

channel now appears on the C property page:

a2
Setting:
Dye: IHhDdamine j
Colr | | [
Marne: IFlhodamine

To add another channel to the experiment, repeat the last steps.

In the channel pool you can also duplicate, modify or remove channels.
To do this, select the desired channel and click on the corresponding
button.
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Z-Stack module

Using the Z-Stack module you can acquire series of images over a defined
z-focus range. The resulting image is known as a z-stack. These kinds of
image are required for the calculation of three-dimensional displays.

Z-stack images are essential for the 3D Deconvolution module. The
ApoTome module benefits from z-stack images, as they can be used to
generate impressive 3D images quickly. Using the Extended Focus module
a sharp image can be calculated from a z-stack.

The AxioVision module Z-Stack allows the easy determination of the
correct z-distance between individual images of a z-stack if the maximum
of axial resolution of the objectives should be achieved. This optimum step
size (also called the Nyquist criterion) is a function of the numerical
aperture of the used objective and the recorded wavelength (in the case of
fluorescence usually the emission maximum). It is calculated as follows:

The axial resolution d is approximated from the following formula:
nA
N.AZ

drma} s 2

At a given wavelength A = 540 nm and a numerical aperture N.A. = 1.3 ata
refractive index n of 1.52 d o= 0.970 ym. According to Nyquist a twofold
oversampling (approximately 485 nm between neighboring z-planes) all
available information will be collected. This sampling rule is a prerequisite
for reconstructing z-stacks with the module AxioVision 3D-Deconvolution.

NOTES:

e Please note that you may not have access to all of the modules and
functions described here. This depends on the options you have
purchased. In order to follow this introduction, you need to know what
an AxioVision "experiment" is. Please read the documentation on
experiments in section "How do | create an experiment?".

e For detailed information on the individual functions and commands,
please refer to the online help (F1 key).
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How do I create a z-stack?

» In the work area activate the property page under Multidimensional
Acquisition.

| wiork area

=
E], Microscope -
=% AnoTome
A5, Scalings
Multidimensional Acquisition
=

*+ Extended Focus Acquisition
&' Deconvolution
1‘ Image Processing
-4 Measurements

‘ ‘Experiment |@ C |§ z |"IfL T |III kS
— Options
@ [# Mulfichannel £ 1 Channel
=

[T Z-5tack Z  3/1.000 pm
T8 T Timelapse T 1/1.000 sec
== [ Positionlist v

— Experiment
Mame;

ID efault_Setting

& Load Save 'l P HeUsel

—

» On the Experiment property page select the = (Z-Stack) function.
» From the two possible definition modes select the Top/Bottom mode:

Miode: " Center * Start/Stop

Ot Start | I 0550 ym D
I 0275 um
L Stop | I -0.550 )| I:l
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7 0,550
> Click on the EI button in the [0 st |] H El control

element. A dialog is opened that contains a live image and the control
element for focusing. Please note that light will only fall on the sample if
it has been directed onto the sample manually, or if a hardware setting
has been configured for the selected channel. On the microscope,
focus on the area where you want the z-stack to begin. To adopt this
z-position, close the dialog by clicking on OK. The new z-position is
then automatically adopted into the start field.

» Repeat this procedure to determine the Stop position using the EI

05
button from the T P ym El control area.

» Now define the desired interval between the individual z-planes. You
can enter any value here. To guarantee maximum resolution in the z-

Optimal distance

direction, click on the| : button.

The correct value is calculated, taking into consideration the numerical
aperture of the objective and the emission wavelength of the
fluorochrome (this takes place automatically if a fluorochrome has been
selected from the list). If no emission wavelength is stated, a
wavelength of 500 nm is taken as a basis.

» To check your selection, you can navigate through the z-stack using
the z-stack navigation function. To do this, open a live image, and
activate the hardware settings for the desired channel (e.g. on the

channel page via the button
Hardware Settings
Diuring acquigition ...

Rhodarnin. zvhs j

» You can now position the focus drive at the upper |E| or lower El
limit or the center of the defined z-stack.
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» If you are not satisfied with the definition of the z-stack, you can modify
it step by step (with the set increment) using the or buttons.
Adopt the new definition by clicking on the O S |- s |
buttons in the control area for z-stack settings.

» Click on il to begin acquisition. During acquisition a progress
bar informs you about the procedure:
|

Cancel |
Acquisition - C=2, T=1, Z=4, P=1
E zecond(z] remaining
If you want to cancel acquisition, click on Cancel.

» The resulting image appears in the image area, where it can be
operated using the player. This image has not been saved, as you can
see from the * symbol in the image name. Save the image. The
program remembers the last storage location you have chosen.
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Time Lapse module

The Time Lapse module can be used to acquire series of images over a
defined period of time. The resulting image is a time lapse series. These
kinds of image are required for time lapse acquisition of changing
processes.

NOTE:

e Please note that you may not have access to all of the modules and
functions described here. This depends on the options you have
purchased. In order to follow this introduction, you need to know what
an AxioVision "experiment" is. Please read the documentation on
section "How do | create an experiment?". For detailed information on
the individual functions and commands, please refer to the online help
(F1 key).

How do I create a time lapse series?

» In the work area activate the property pages under Multidimensional

Acquisition.
Waorkarea x |
----- El, Microscope -
--e£® ApaTome

----- 12 Scalings

2 Multidimensional Acquisition

- &% Extended Focus Acguisition

----- @' Deconvolution

[]---m Image Processing

B4 Measurements ;I

tExperiment | C |§ Z |JL T |.__I H |
— O ptiar
i'?i« ¥ | tultichannel -
= [ ZStack Z 3/1.000 pm

[}

1 Channel

(5 T Timelapse
£ [ Postionlist <y

LR

1/1.000 gec
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» On the Experiment property page select the Time lapse function

Lo T

» Enter the desired time interval, e.g. 2 minutes. The unit can be selected
from the drop-down list box.

» Now enter the desired number of images (# Cycles). The total duration
of the experiment is calculated from this.

> Alternatively, you can enter the interval and the total duration, and this
information will be used to calculate the number of cycles. Select the
function that you want to be calculated

| Calculate % Cocles " Dration

» Itis also possible to enter numerical values directly into the input fields.
To calculate the dependent value, click on the

| Calculate | button.

> Click on £l |to begin acquisition. During acquisition a progress
bar informs you about the procedure:

ﬂ
Acquisition - C=2, T=3, Z=1, P=1
LLLLTL]]]

25 zecond(z] remaining

If you want to cancel acquisition, click on Cancel.

» The resulting image appears in the image area, where it can be
operated using the player. This image has not been saved, as you can
see from the * symbol in the image name. Save the image. The
program remembers the last storage location that you searched for.
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Advanced image acquisition: Mark&Find

The Mark&Find module allows you to acquire images of various positions
on your sample, also in combination with the Multidimensional Acquisition
modules. All the dimensions offered by AxioVision can also be used for a
position list. The output images are saved automatically in a folder that you
have defined, and from this a folder-based archive is generated. This
makes it easy to manage the individual images.

NOTE:
¢ Please note that you may not have access to all of the modules
anfunctions. This depends on the options you have purchased.

e In order to follow this introduction, it is useful to know what an
AxioVision "experiment" is. You will find the relevant information in the
“How do | create an experiment?“ section.

e For detailed information on the individual functions and commands,
please refer to the online help (F1 key).

How do I create a Mark&Find experiment?
> In the work area, activate the Multidimensional Acquisition function:

Workarea X

B Microscope -~
+- [ Cameras
(=] Incubation
+-== ApoTome
123 scalings
+ li] Cieconvolution
. Widefield Multichannel Unmixing
—-&. Multidimensional Acquisition

=M [Multidimensional Acquisition
. Smart Experiments

+-§} Digital High Speed Recorder

4 Fast Acquisition

=, Experiment | CIEFz|ET | @xr |
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» Select the Experiment property page and load an experiment.

> Selectthe ' *¥ (Positionlist) tab sheet.

» Open the Mark&Find dialog by clicking on the button.

%)

> Load a saved Mark&Find database from the list box

o ordefine a new list by clicking on New/modify an existing list by
selecting Edit (please read section 9.5 Mark&Find "How do |
generate a Mark&Find list?", or call up the online help (F1 key)).

Slide [ dish holder
= =0 ¥ X

Tl Edit Export  Delete  Save
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The Mark&Find control element now shows a graphic display of the
selected list.

Dustance YL e then one wel sected
852,000 2704900

o

NOTE:
e The graphic will only have the expected appearance if both the
reference point on the sample and the sample holder have been
centered. Please read section 9.5 Mark&Find "How do | generate a
Mark&Find list?", or consult the online help (F1 key).
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If you click on the Positionen tab sheet, you will see a tabular display of
the position list.

ultiwell graphics  Positions | Options

= = om O X9 XD

Name A W Z Color | Classification | En... | Position

LPS & micrograrnmm -5B8056.25 -24407.10 2218.85 Cenker o 201 -
LPS & micrograrnmm -49066,25 -24407.10 2218.85 Cenker * 20z

Control -40076.25 -24407.10 Z218.85 Zenker * 203

Contral -31086.25 -24407.10 Z218.85 Center * 204

Contral -2209%6.25 -24407.10 £218.85 Center * 205

Control -13106.25 -24407.10 2218.85 Cenker * 206

Control -4116.25 -24407.10 2218.85 Cenker * 207

Control 487375 -24407.10 2218.85 Center * 208

Control 13863.75 -24407.10 2218.85 Cenker * 209 il
Control 22853.79 -24407.10 2218.85 Cenker * 210

Control 3184375 -24407.10 Z218.85 Zenker * 211

» Close the dialog by clicking on . The Mark&Find control element
now displays the number of positions and the name of the position list:

2. Expe... g g :IXV|EJ M...
Positianlist

Wy-Positions

tarkFind...

» Click on to begin acquisition.
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During acquisition a progress bar informs you about the procedure:

Acquisition - C=3, T=1, Z=1, Pos=9
Run Focus (0%:)

1 minukels), 46 second(s) remaining

. . Zancel
» If you want to cancel acquisition, click on .

preview containing acquisition parameters is also displayed:

EL Multidimensional Acquisition Preview

€9 - 3of4 S,
= I 1ofl

8 -1 1of100

03 By 9of12(24h-1)

B ™ t1cfze

At the end of the above procedure, a folder-based archive showing all
output images is created.
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& Morpho-2007-0003.zva

EanodK4drMxmaETg

B¢

5

e

[Morpho-20... | [Morpho-20....

[Marpha-20...

[Marpha-20...

|Morpho-20... | [Morpho-20... | [Morpho-20... | |Marpha-20...

m

o~

|Maorpho-20...  |Morpho-20...

|Marpho-20...

|Marpho-20...

These can be loaded and handled in the same way as normal individual

images.

NOTE:

¢ Noimages are displayed during the acquisition of a position list. To
view the images, you need to exit the experiment.
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9.4 Extended Focus

General

The Extended Focus function is available as an optional module for
AxioVision. This function enables you to display the sharp areas of different
focus positions of your sample in a single image.

Essentially, the Extended Focus module is operated interactively. You do
not need a motorized microscope. Several images are acquired at different
focus positions. The sharp areas are extracted from each of the images
and automatically combined. You immediately obtain a sharp 2D image.
The individual images of the different focus positions are not saved, but are
combined straight away. The focus is driven manually across the entire z-
range until all the details have been displayed sharply. There are no
specifications, recommendations or formulae that say how many images
have to be acquired or how large the distance between two focus positions
should be. This always depends on the sample in question. Generally
speaking, it can be said that it is better to acquire too many images than
too few.

Alternatively, an image with extended depth of field can also be calculated
using a z-stack. To do this, you need a z-stack image, the acquisition of
which requires a motorized microscope and the Z-Stack module (see also
section 9.8 "Z-Stack Images").

Acquiring images with Extended Focus

The Extended Focus function can be run via the work area on the left of

the AxioVision window. If the work area is not displayed, activate it using
)

the Standard toolbar [*aorkarea |,

Alternatively, select the Windows function in the View menu and then
select the Workarea entry.
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NOTE:

The work area may be open but covered by the workflows. If that is the
case, simply click on the Workarea tab at the bottom of the work area.

> Switch the light path to the camera. Open Ex)
the live image window by clicking on the Li
. . . . IVE
live image icon in the Standard toolbar.
Alternatively, select the Live function in
the Acquisition menu.
> In the work area select the Acquisition i g;?fe:f;;s;f:s
entry |n the EXtended FOCUS SeCtIOﬂ g:Cnmputatinnfrnm 2-stack
> If you capture images with a Stereo bdliopo tmege acqusien
microscope, select an appropriate value 7
for Quality of alignment. This will correct uitpu ExtendsdFocus
the lateral shift which occurs when you SI“?:‘”;" sligrme \'f:""‘“lg”tma”‘ —
are focussing through the specimen. - =
> Select Wavelets as the Method for
calculation.
» Click the Interactive button to acpture the
single images by pressing the Ctrl key.
NOTE:
e As an alternative you can click the Start button to capture the images.
> Press the Ctrl key to capture the first (8] Topo Tmage Acqustin |
image
Output EstendedFocus
H Quality of alignment Mo Alignment
» Now go to the next focus position. et -
» Press the Ctrl key to acquire the next —
image.
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NOTES:
e The image of the second focus position is now automatically combined
with the first image.

e You can now acquire further images until the result is satisfactory.

Using z-stack images for Extended Focus

» Activate the image to which | Foeuszvi | tntmeas.ov | scalevs.bm |
you would like to apply the
Extended Focus function. To
do this, click on the image or
select it via the tabs at the top
of the document area.

» Now select the Extended adiust 3
Focus (Computation from Z-

H i Geometric »

stack) function in the
Processing menu. Smooth b
Sharpen b
Utilities 5

% Extended Focus (Computation From Z-stack) |

» The two thumbnails show the
original image (left) and the
resulting image (right).

To select a specific frame,
you can magnify, choose any > 2y
frame from, or reduce the [=]

oy

thumbnails.
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> If the z-stack was acquired B Extended Forus
with a Stereo microscope,
select an appropriate value for Mew image n v,
Quality of alignment. This will gt Z g
compensate the lateral shift Output <New image>
WhIC|':I !J_Sua”y occurs during (uality of aligrment Mo Alignment b
acquisition of the z-stack. Method wavelots 3

> Select Wavelets as the
Method for calculation.

> Click on Apply to check the [ ok [ cancel |[ apel
result.

> Now click on Cancel to exit the
function.

9-80

M 60-4-0004 e / printed 05.2008



Modules - Mark&Find

9.5 Mark&Find

Overview

The Mark&Find module allows you to record the positions of an encoded or
motorized x/y stage and relocate them in the future.

Open the Mark&Find window using the Microscope = Mark And Find
menu command.

The recorded positions are saved in a database, which is able to store the
position lists of several carriers. You can select the size of the carrier
concerned. The following types are available: Petri dish, Slide/Dish
holder, Multiple slides and Multiwellschale.

The module supports slides with sizes of 76 mm x 24 mm, 76 mm x 50 mm,
48 mm x 25 mm and 48 mm x 27 mm, or any user-defined size. Petri
dishes can have a diameter of 35 mm, 60 mm or a user-defined diameter.
Multiple-slide plates are supported in a format with 8 slides per plate or
may have a user-defined format. Multiwell plates are supported in formats
with 6, 12, 24, 48, 60, 96, 384 and 1536 wells per plate.

To make it possible to display the recorded positions graphically, when you
first use the module you will need to define the center of the carrier on the
xly stage. If you also want to work with your carriers and the recorded
positions on other Carl Zeiss microscopes using AxioVision, you will need
to work with absolute stage positions for each carrier (please also refer to
“Microscope” in the online help (F1 key)).

NOTE:

= Many control elements in Mark&Find control both the microscope stage
and the focus drive. If used incorrectly, damage can therefore be
caused to objectives and/or carriers lying in the stage’s traveling range.
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How do | generate a MarkS&SFind list?

The following two examples explain how to define a Mark&Find position
list for a slide (example 1) and a multiwell plate (example 2). The same
procedure should be followed for other types of carrier, e.g. Petri dishes.

Example 1: slide

In the following example, a new database is created and 3 positions on a
standard slide are created and saved. The slide is centered to ensure that
a correct graphic display of the positions is achieved. A reference point is
also selected on the slide. In this example positions are only recorded in
relation to the center of the slide.

» Open the Mark&Find dialog using the Microscope = Mark And Find
menu command:

= park And Find X

S e codicion
& Dot =[]

ameaod ¥ JWR B =1
S | dsh okdes

v X Refermes 000 000 000 A L @

Vew Gl st Deleir  Sae

== Eerptan
P Chpitirigar Chipittion - Thmn x 24,
B Chpbttrigar - Thrmen 34 m..

® % b ok
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» Select a database from the drop-down list box of slide/dish collections

or create a new database. To do this, click on E] in the left-hand
field. The Manage carrier collections dialog is opened:

Manage carrier, collections E|
:ﬂ Defaulk w
[ Mew ] [ Rename ] A

[ Export Carrier List ... l

3
» If you click on , a dialog is opened in which you can select a
slide/dish collection file. deletes the selected slide/dish collection.

> hiew opens another dialog where you can give the database a

name. allows you to change the name of the database.
. Reset
saves your current database, whilst deletes

existing position lists and creates an empty database. In addition,

Export Carrier Liskt ... ‘ -
P enables you to save the file in

Excel format (.xIs). Click on or to exit the dialog.

» Now add a new slide to the database. To do this, click on the Neu icon
in the Objekttrager field:

Slide [ dish holder
= T I

Tt Edit: Export  Celete Save
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This opens the following dialog:

Add new slide [ dish holder

x]

Mame | Slide 2|

Tvpe |Petri dish - 35 mm {1.5)

53

Dirmensian ()

Petri dish diameter | |

Width

Columns

width of Single Slide Cenker to center

Nt

Height of Single Slide

[ Import Positionfist. .. ]

Height

Raons

T

Zancel

» Give the new carrier a name, e.g. "Slide 2“.

Mame | Slide 2
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» Select the standard slide from the Typ drop-down list box:

>

Add new slide / dish, holder, g|
Mame Slide 2
Type | Petridish - 35 mm (1.5) -

Dime Petri dish - 35 mm (1.5)

Petri dish - 60 mm (2.5)
- 15lide - 25 mm x 48 mm
Slide - 27 rarn x 48 mm
Slide - 76 mm x 24 mm {3 x 1)
Slide - 76 mm = 50 mrm (3 x 2)
Multiple slides & - {282.8 mm x 120.2 mm)
Colulser:Petri dish - User defined
User:Slide - User defined
|User:Multi slide plate - User defined
WAL ey Multivel plate - User defined
| Mulkiveell plake & - (127,20 mm x 85,14 mm})
Heigh| rultivel plate 12 - {127.63 mm x 85,20 mm)
Multiveell plate 24 - (129,28 mm x §5.14 mm)
rultiveell plate 48 - (127,89 mm x 85.6 mnm)
fultiveell plate &0 - (34,00 mm x 57.00 mm})
fultivwell plake 96 - (127,10 mrm » 85.03 min)
[— fultiveell plate 334 - {127.8 mm x 85.5 mm})

Multiveell plate 1536 - (127.8 mm x §5.5 mm)

It is also possible to import positions from a position list in a text

document by clicking on i PR . A position list to

be imported should have the following structure, for example:

Slide,,,,
Name,Width,Height,,
Slide,76000.00,24000.00,,

Positions,,,,
Comments,PositionX,PositionY,PositionZ,Color
"Position(1)",-11058.36,-4043.66,1.00,Blue
"Position(2)",-2382.21,5485.68,-1.55,Red
"Position(3)",10049.20,-4067.70,-2.25,Green
"Position(4)",3674.27,-1514.12,3.00,Yellow

To ensure that Mark&Find is able to understand this document, it must
be saved in the form of a CSV document (Comma Separated Values).
This export option is available in Microsoft Excel, for example.
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>

Confirm your selection by clicking on [LJ.

You will now see the new carrier as an entry in the list of carriers in the
Mark&Find dialog:

Mame Descripkion
b Slide 2 Chiekktrager - 76 mmm x 24 m...
Slide Slide - 76 mm x 24 mm (3% 1)

Now insert the "home slide" (Carl Zeiss part number 453583) into the
holder. The center of this slide is marked with a high degree of

precision, and the slide has polished edges to ensure precise insertion
into the holder.

Make sure that the control elements for stage control are displayed in
the foreground:

Skage | Focus

Stage

Position ¥ [um]: Position ' [um]:
0,000 0,000

-

Distance ¥ [pm]: Distance Y [pr]:
0,000 0,000

[‘_" Horme ] E] [;? Measure]

Set 0 Position:

» Manually set the stage position to 0 by clicking on the button.
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» Make sure that you are in the graphic view of Mark&Find:

araphic | Pozitions | Options

> Define the center by clicking on the == button. The graphic display of
the carrier should now be centered as follows:

» The white cross indicates the current stage position (in relation to the
optical axis of the microscope).

» Remove the home slide and insert your carrier into the holder. Define a
reference point on your carrier. This should be a conspicuous structure
on your carrier that you will be able to find again easily in the future. If
you do not set a reference point, all coordinates refer to the zero
position of the motorized x/y stage.

> Clickonthe ®* button. In the graphic view, a small gray cross
indicates the current reference position. The coordinates are also
displayed (in um for the x, y and z axes):
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Reference | -616.33 358,48 -6.41 P B =

0 § | i 13 0 5 n

-

This reference position can be automatically relocated at any time in the

|
future by clickingon #* .

Once these preparatory steps have been completed, you can locate and
save any desired positions on your carrier.

» To do this, move the stage to the desired position, bring the sample
into focus (this is best done in the live image) and click on one of the
. == w3
colored icons .
Repeat this procedure until you have defined all the positions of
interest on your carrier. The selected positions are shown in the
graphic as colored crosses. The white cross indicating the current
stage position covers the current position, the name of which is also
visible.

Position 1 Position 2 Position 3
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» These positions can be relocated. To do this, double-click on one of the
positions:

The large white cross indicating the current stage position shows the
movement of the stage as it travels to the new position:

» Alternatively, if you click on —‘I, you can also have a number of
positions generated automatically as a sample selection. Here you only
need to define the number of positions in the x and y dimensions.
Please note that any previously saved positions are lost.

Generate sample positions

warning! Clicking OF will delete all existing positions!

Columns g
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» Now go to the Positions property page:

Graphic  Positions | Optionz

= = m axf X9¢ X P H
Reference | 616,38 -358.48  -6.41 b, @
Mame S i z Color | Classification Ena... |Position
Position(3) -9710,54 -2B56,36 6,41 -red O 3
Position(4) -30400,00 -9600,00 6,41 -Sample * 4
Position(5) -15200,00 -9600,00 6,41 Sample * 5

() -2E00,00 Sample b I3

All defined positions are listed here in tabular form on the basis of the
parameters Name, X, Y, Z, Color, Classification, Enabled and
Position.

» Name: name of the position. If you click in the corresponding field, you
have the option of changing this name.

Tarne k3

[ 3 ‘osition( 1) -5114.08
Position{Z) -14653.2
Position{3) % -14653.2

» X: the x-coordinate in um. The value displayed can be changed
manually. To do this, click in the number field and enter the desired
value.

» Y:the y-coordinate in um. The value displayed can be changed
manually. To do this, click in the number field and enter the desired
value.

» Z:the z-coordinate in um. The value displayed can be changed
manually. To do this, click in the number field and enter the desired
value.
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Y

X: the x-coordinate in mm. The value displayed can be changed
manually. To do this, click in the number field and enter the desired
value.

» Color: indicates the color used when the position was defined. The
color can be changed with the help of the color selection dialog, which
opens if you click in the field.

» Classification: a number of different positions can be combined in the
form of a group by assigning the same names to them. Change the
name of the classification by clicking in the field. Division into groups
allows you to sort position lists on the basis of specially defined
conditions and travel to the positions they contain.

» Enabled: indicates the activation status of a position. Only positions
that are marked with a "*" symbol are used in the experiment. Click
twice in the corresponding field to deselect the position via a check
box, and to reselect it again as required.

» Position: indicates the sequence in which the positions were originally
created.

It is possible to select several positions by making a multiple selection
(Shift+mouse click) or by selecting them individually (Strg+mouse click).
These positions can then be modified together.

By double-clicking on the name of a parameter, you can sort the position
list on the basis of that parameter.

» Once you have selected a position, you can delete it by clicking on

x.

» Clicking on “} Undoes an action, whilst o redoes an action that
has previously been undone.

» The selected position is located automatically by clicking on
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» Clicking on d moves the stage to the previous position in the list,

. o g . "
whilst clicking on moves it to the next position.

> You also have the option of zooming into the graphic display by clicking

on or zooming out of it by clicking on - . Hold down the Shift
key and move the mouse wheel to make use of a stepless zoom

function. Clicking on A restores the full view of the entire slide.

> Select to resort your position list. The criteria X Position, Y
Position, Z Position, Name, Index and Shortest distance are
available for selection from a drop-down menu.

¥ Position
' Position
Z Pasition
Mame
Index

Shortest distance
» Further selection options can be found on the Options property page:

Graphiz | Positions Optinns|

Mave

[T 1nelude Foeus in move

[Iwrap around during move nextfprevious
[CIrrampt For name of new positians

[IMave Focus drive to load position between wells and mulkiple slides
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» Include focus in move: if this check box is activated, the z-position
(focus position) saved when the position was defined is also restored
when you travel to a position.

» Wrap around during move next/previous: if this check box is
activated, when "traveling forwards" you move from the last position to
the first position in the list, and when "traveling backwards" from the
first position to the last position.

» Prompt for name of new positions: if this check box is activated, a
dialog for entering the position name is displayed automatically after
each new position is created.

» Move focus drive to load position between wells and multiple
slides: if this check box is activated, the objectives are moved to the
load position while you are moving to another well or slide, in order to
prevent damage.

» To make it easier to locate positions for the Mark&Find list, the option
is available of having the carrier scanned fully automatically at a low

magnification to obtain a preview. To do this, click on 2 . Provided
that the MosaiX module is licensed and selected in the module list, the
following dialog appears:
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Il Create Overview Image 7
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. Acguire .
» You can now click on the button to generate an overview

image containing the set number of columns and rows with a defined
overlap. You have the option of setting the objective for acquisition, the

exposure time and the size of the tile image in um (300, 512, 1024 or
2500).

8] 4
» Clickon to transfer this overview to the graphic display in

your Mark&Find dialog.
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The overview dialog is otherwise operated in the same way as the MosaiX
dialog (please also read the manual and the online help entries on MosaiX,
F1 key).

A

> Now save the changes. To do this, click on the =3¥& putton.

You have now successfully generated a position list and can use this at
any time to relocate the saved positions. This list can also be used within
the context of Multidimensional Acquisition.

Example 2: multiwell plate (96)

Position lists for multiwell plates are created in the same way as for slides,
although there are a number of additional control elements and functions.
These additional, divergent functions are presented below, without
explaining all the functions that are identical to those in example 1 again.
For details of the general functions, please also refer to the section
“Example 1: slide”.

To ensure that you can work sensibly with multiwell plates, the coordinates
of the plate need to be adapted to the stage coordinates by means of
calibration. The more wells your plate has, the more important it is to
perform precise calibration.

NOTE:

e If the stage has already been calibrated and a standard plate has been
selected, the program tries to locate the correct position after you call
up the wizard. Please first ensure, therefore, that there are no
obstacles within the stage’s travel range.

» Select a low objective magnification (e.g. 10x) and transmitted light
illumination. Place a multiwell plate of the type that you wish to use in
the holder on the microscope stage.
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» Click on the - icon. This opens the calibration wizard. If you have
already performed calibrations, you are asked whether you wish to
retain the calibration data. Select No if you wish to perform a new
calibration and reject the old calibration data. Select Yes to continue
working with the old calibration data.

Calibrate g]

] Center positions arly [ Back | [ restarnt | ! [ cancel |
Pasitians Micrascape contrals
% [
O = B N Pasiion % [um]: Position ¥ [um]: Postion 2 [ym; Distance 2 [y
-30400,000 -9600,000 6,405 6,405

@ = ™ em | | e

O T — o 3 ]
Distance % [uml: Distance ¥ [ur]: =

O & = -30400,000 -9600,000

Set 0 Position:
[" Home ] E] [-'35 Measure] Auto E
Set 0 Position;
NOTE:

e The orientation of the camera and the stage axes must be correctly
configured to allow error-free calibration. The movement of the
camera's field of view must correlate with the movements of the slider
(or joystick) for stage control in all four directions. The camera
orientation, the camera port being used and the settings for the image
orientation and axis orientation of the stage all influence this behavior.

9-96 M 60-4-0004 e / printed 05.2008



Modules - Mark&Find

» Use the stage control to move interactively to the positions on the
multiwell plate that correspond to the well marked in yellow. The aim is
to travel to the calibration points symbolized in the control area at the
bottom left and to move them to the center of the live image (reticle).
The first position to be located could look something like this in the live
image:

o Set _ .
» By clicking on the button, which is currently active, you can

now define this calibration point. It then becomes possible to calibrate
the next position. In total, the following positions need to be located and
set for a calibration:

o Top left well: 12, 6, 9 and 3 o’ clock position
e Topright well: 12 and 9 o’ clock position
e Bottom right well: 12 o’clock position

Wells that have already been calibrated are shown green in the
graphic. Wells that have yet to be calibrated are marked in yellow.

» Click on to go back to the previous step of the calibration.
Click on to return the calibration wizard to its original state.
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Click on to exit the wizard without saving any changes you

have made.

> The E button under the live image only becomes active once all
the necessary calibration steps have been performed. Click on it to
save the calibration and exit the wizard.

> As an alternative to calibrating on the basis of the well edges, it is
possible to calibrate using the well center only. To do this, activate the
Center positions only check box. You then only need to define the
center positions of the top left, top right and bottom right wells. You
should use a low objective magnification for this that allows you to view
the entire well in the live image.

» Go to the Multiwell graphics property page. Double-clicking on a well
automatically moves the stage to the center of the selected well. The
current stage position is marked with a red cross. The selected well
(B3) is outlined in blue:
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» By outlining several wells with the left-hand mouse button depressed or
performing a multiple selection using the Strg key, combinations of
different wells can also be selected (in the example B3, B4, B5 and row
C):

» To automatically generate positions in the selected wells and save
them in a Mark&Find position list, clickon . A position at the center
of the well is now generated for all selected wells, using the current
focus position. Wells in which positions have been set are marked with
hatching:
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> Alternatively, by clicking on —J, it is also possible to have a number of
positions generated automatically for each well. Here you only need to
define the number of positions in the x and y dimensions. Please note
that any previously saved positions are lost.

Generate sample positions

warning! Clicking OF will delete all existing positions!

Columns g

» You can, of course, also locate positions manually and add individual

2 = =
positions by clicking on the icons.
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» A special function that is available for multiwell plates allows you to

overwrite the focus position of the selected position by clicking on

This function makes it possible to adapt a position list that has already
been created to a multiwell plate with a different focus position (e.g.
due to a different base thickness).

» In the case of multiwell plates, you can also define a rule on the
Options property page that will be used to automatically name the

positions in the list:

Multiveell plate well naming

WRAAILCIT s Format

%Rgg
SRAA

Samples fpaea

Ad01 . DUDL | %:R3

N | %Ra
%C9

AAER . DUBA | opep
%CAA

Description

Row number with indesx formatted a...
Row number with index formatted a. ..
Colurn nurmber with inde: Formatke. .
Row number with index formatted a. ..
Row number with index formatted a. ..
Column number with index Formatte..,
Colurmin nurmber with index Formatke. .
Column number with index Formatte..,
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9.6 Panorama

General

The Panorama module creates large images from individual images,
enabling you, for example, to display objects that would otherwise not fit
into an image field. The images are combined with pixel precision, either
interactively by superimposing the images, or (with support from the
software) using Stitching (automatic image combination). It is also
possible to combine displaced images so that they fit together perfectly.

Panorama image consisting of four different images.

Panorama images can be created in two different ways:
e Combining images acquired directly via a camera.

e Using already saved images.
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System requirements

There are no special technical requirements for generating Panorama
images. The operation of the module has been specially designed for the
use of manual microscopes and single image acquisition.

NOTE:
e The automatic acquisition of large composite images is possible using
the MosaiX module and requires a scanning stage.

If you wish to combine images acquired directly from the camera, however,
you will require a camera that has been integrated into AxioVision. It is not
possible to use TWAIN devices, but you can acquire images using a
camera integrated via the TWAIN interface, and then create Panorama
images from the individual files.

It is not necessary to use a scanning stage, but this does make it easier to
position the individual images. AxioVision will then adjust the resulting
image size automatically, and suggest a position for the newly acquired
image. The known stage coordinates are converted directly into the image
position. A correct image can then usually be generated using Stitching
(automatic image combination).

You should bear in mind that the resulting images may sometimes require
a very large amount of storage space. In particular, if you are using high-
resolution digital cameras, such as those in the AxioCam family, the
Panorama images can easily take up as much as several hundred
megabytes. The computer you are using should therefore have an
appropriate user memory and hard disk capacity. You should also consider
the possibility of external storage (network, CD/DVD writer etc.), as
otherwise local hard-disk capacities may be quickly used up.
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Special features of Panorama images

Generally, an image that has been acquired using the Panorama module is
the same as any other — it is just larger, and made up of several
component images. For Panorama images, a special view which allows
you to work more efficiently with the individual images is therefore available
via the image window: Tile View.

In this view you have access to the individual images (the "tiles") that make
up a Panorama image. Here you can "pick up" the tiles individually, and
change their position or alignment. You can also display information on the
individual tiles, and insert circumscribing rectangles.

£

s-

TileWiew | Info Miew | Tree Yiew

NBABARAR = wo i = (@

Pane to activate the tile view in the display window.
Acquisition of Panorama images

The Panorama Acquisition function can be executed via the work area on
the left-hand side of the AxioVision window. If the work area is not

O
Workarea

displayed, activate it via the Standard toolbar

Alternatively, select the Windows function on the View menu and then the
Workarea entry.
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NOTE:
e The work area may in fact be open but covered by the workflows. If
that is the case, simply click on the Workarea tab at the bottom edge of

the work area _% BT wiorkflow |

» Set the light path to the camera. Then |
open the live window by clicking on the

icon for the live image on the Standard Live
toolbar. Alternatively, select the Live
function from the Acquisition menu.

» Select the scaling for the chosen €2 Epiplan 10x v

objective from the List of available
scalings underneath the live image.

» To adjust the live image, click on Live
Properties. Alternatively, select the Live =]
Properties function from the View menu. Live Properties

NOTES:

e To guarantee a stitching result without annoying shading on the image
border, you should activate the white reference. Go to the General tab
in the Live image properties dialog. Make sure that the camera is
viewing a completely empty image. To ensure that this is the case,
move your sample on the microscope completely out of the field of
view.

e To ensure that dirt particles from the slide are not visible in the
correction image, use a clean slide and a clean objective and
completely defocus the microscope.

e Please note that if the objective is changed the white reference has to
be generated again.

A detailed description of the steps involved in preparing for image
acquisition can be found in the section "Step by Step to the First Image” in
section 3.3 "Quick Guide to the First Image".
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» Close the Live display and select s B
the Acquisition entry under %Qfﬂj?ﬂ;‘:pe

Panorama in the work area. 5 Mulkidimensional Acquisition

Panorama

(] acquisition

w Import froiles
v Stikching

55 Conwert Tile Image

+ Ej MosaiX
+ 1‘ Image Processing
#o, MeasUrements

» The camera’s live image is now
displayed at the center of the
Panorama Acquisition dialog. To
ensure that you have sufficient
space to position several images,
we recommend that you reduce
the display accordingly. To do
this, use the buttons on the
toolbar of the Panorama image.

B R
» Move the scanning stage to the | Snap Image

starting point of the region you
want to acquire, and focus. Then
click on Snap Image.
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» The live image (marked by a white circle
in the center) and the acquired image
overlap partially. To acquire the next
image, drag the live image (with the left
mouse button depressed) to the position
where you want the next image to be
acquired. The images should clearly
overlap.

> Do not attempt to put adjacent images
together with pixel precision. The function
for automatic alignment (stitching)
requires a overlap of good visible
structures. The guide value is around
20%. And: There must be

» Now move the specimen to the new
position. The areas where the live image
overlaps with the images already
acquired are displayed in semi-
transparent form. This makes it easier to
position the next image.

» The images do not have to be aligned
precisely, as they can be placed in the
correct position automatically later on
using the stitching function. However, if
the image regions that belong together
are positioned too far away from each
other, automatic stitching may not work.

» Repeat the previous steps until you have acquired the entire region.
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> If the result is unsatisfactory, you can shift the individual tiles of the
Panorama image manually.

» To do this, make sure that the
editing mode is active. (The Turn
on/off tile mode button at the
bottom edge of the Panorama
image has to be depressed.) Then
click inside a tile. The tile is
highlighted by a white circle at its
center. Hold down the left mouse
button, and move the tile to the
desired position. As before, areas
of overlap with other images are
displayed in semi-transparent
form.

» To delete individual tiles, click on a ®, a Q| &y Y o

tile. Then press the Delete
selected tile button at the bottom
edge of the Panorama image.

» Click on OK to adopt the
completed Panorama image into
AxioVision.

> To align the tiles in relation to each M &RIQ Q& w1 o w0 1 | @k
other, click on the button for
automatic tile alignment on the
toolbar directly under the image
window.

» Alternatively, select the Stitching entry under Panorama in the work
area.
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NOTES:
e Itis also possible to add extra images to an existing Panorama image.

To do this, click on the ki button in the top right-hand corner of the
Panorama Acquisition dialog window. A gallery of all images currently
loaded in AxioVision is displayed. Select the desired image, and carry
out the steps described to add further single images to the existing
Panorama image.

e Ifyou click on the [Pﬂj button in the upper right corner of the
Panorama Acquisition dialog, you can start generating a new
Panorama image directly, without having to close the dialog first.

Creating Panorama images from individual files

If the individual tiles of a Panorama image are already available as
individual files, they can be put together manually. The most frequent
problem and source of errors here is the overlap of the individual tiles. If
the overlap is too large or too small, this can lead to problems when using
the function that automatically combines the tiles (stitching).

In principle, we therefore recommend that you create the images using the
Panorama acquisition function, and ensure that there is an appropriate
area of overlap. Please note, that the images must be of the same type
(color/gray values, size) to put them together.

The Import from Files function can be executed via the work area on the
left-hand side of the AxioVision window. If the work area is not displayed,
activate it via the Standard toolbar.

Alternatively, select the Windows function on the View menu and then the
Workarea entry.

NOTES:
e The work area may in fact be open but covered by the workflows. If
that is the case, simply click on the Workarea tab at the bottom edge of

the work area _w BT wiorkflow |
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All the steps involved in the generation of a Panorama image can be
found in sequence in the Panorama workflow.

Select the Import from files entry
under Panorama in the workarea.

Select the folder containing the

individual tiles of your Panorama
image. To do this, click on the
button above the gallery. The Microsoft
Windows standard dialog Select folder
is opened. Select the desired folder and

confirm by clicking on . All

the available images are now displayed

as thumbnails in the gallery.

Wiorkarea x

E Microscope
125 Sralings

Multidirmensional Acquisition
=-}#8 Panarama
@ Acquisition
& Import From files

L{j Stitching 5
&5 Convert Tile Imag

E} Mosais
& Image Pracessing
A4 Measurements

D\ ImagesMasaix [ 00 i !

Skitchkest,,. | Stikchtest,.. | |Skitchkest...

Skitchkest, ..
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» To put the Panorama image together,
drag the first image into the Panorama
image area.

» The image fills the whole of the
Panorama image area. To ensure that
you have sufficient space to position
additional images, we recommend that :
you reduce the display accordingly. To
do this, use the buttons on the toolbar
of the Panorama image.

ARRD #x

RRA Q="

» The selected image is now marked with
a red cross in the gallery, to show that it
has already been used.

(e | Skitchkest.., | |Skitchkest..,

Stitchkest., .,

> Select the next image from the gallery
and drag it to the desired position. The
images should clearly overlap. The
function for automatic alignment
(stitching) requires a certain overlap.
The guide value is around 20%.

> Drag all the other images into the Panorama image one after the other
in the same way, and position them.

» If the result is unsatisfactory, you can of course subsequently shift the
individual tiles of the Panorama image manually.
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» Click inside a tile. The tile is highlighted
by a white circle at its center. Hold
down the left mouse button, and move
the tile to the desired position. As
before, areas of overlap with other
images are displayed in semi-
transparent form.

» To delete individual tiles, click on a tile. =
Then press the Delete the selected & a K g i
tile button at the bottom edge of the
Panorama image.

» Click on OK to adopt the completed Panorama image into AxioVision.

> To align the tiles in relation to each M &RIR Qo1 v o0 i |

other, click on the button for automatic
tile alignment on the toolbar directly

under the image window.

» Alternatively, select the Stitching entry
under Panorama in the work area.

NOTES:

e ltis also possible to add extra images to an existing Panorama image.
To do this, click on the button in the top right-hand corner of the
Import from files dialog window. A gallery of all images currently
loaded in AxioVision is displayed. Select the desired image, and carry
out the steps described to add it to the image.

e If you click on the New button, you can start generating a new
Panorama image directly, without having to close the dialog first.

9-112 M 60-4-0004 e / printed 05.2008



Modules - Panorama

Converting a tile image into a regular AxioVision
image

As tile images are a special format, they cannot be further processed or
measured using the AxioVision functions. You have to convert them into a
regular AxioVision image first.

>

>

Acquire a tile image, or load one from the hard drive.

Select the Convert Tile Images
function from the Processing menu.

The current tile image is displayed,
with a frame, on the left-hand side.

NHARIR G
Fosameton.
[t &

You are now able to position the
frame freely and change its size.

If the mouse cursor is inside the
frame, keep the left mouse button
pressed and you can move the
whole frame.

If you move the mouse cursor onto
one of the frame handles, keep the
left mouse button pressed and
resize the frame.

Once you have selected the desired region, click on OK. A regular
AxioVision image is then generated. This image can now be processed
and measured in the usual way.
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NOTE:

e The size of the resulting image is reduced to 8192 pixels by default. If
the frame size set exceeds this value, the resulting image is
automatically reduced accordingly. The region you have selected is
always used, however. If you want to avoid reduction, you can freely
configure the size of the AxioVision image.

» Select the Options function from the

TO OI menu. ACt|Vate the | m ag e tab General | Layout | Folder | Storage  Acquisition &Namir 4
sheet.
> U nder M u |t| d | mens | on a.l Multidimensional image acquisition
|:| Auto save

acquisition you can adjust the Max.
MosaiX image size parameter
accordingly. The size of the value Max, Mosaitmags sze [ B1z piel
that you can SeleCt for th'S SEtting iS [ create additional tile image for Mosaix %
essentially dependent on your

computer’s user memory.

Save as bype: Carl Zeiss Wision Image {*.zvi)  w

If the setting you select is too large, you may not be able to process the
resulting images optimal. The processing speed will in any case be
reduced dramatically, constricting optimal working.
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9.7 MosaiX

General

The MosaiX module has been developed to resolve a classic microscopy
problem: the insufficient size of the field of view. At high magnifications in
particular, the region that can be seen through the eyepiece is never large
enough. If you are working with cameras, the problem is frequently
exacerbated by the fact that the camera’s rectangular sensor cuts off
regions of the round field of view when it is viewed through the eyepiece.

The ideal situation, therefore, would be to display the entire region of
interest in a single image, even at high magnifications.

A number of different application scenarios are conceivable:
» Acquisition of image overlapping objects

In the simplest case, the object of interest cannot be displayed in full in
a single image at the selected magnification. This means that several
individual images have to be combined to form a larger overall image,
and if the number of images in question is small, or if the system you
are using does not have a scanning stage, you may be well advised to
make use of the Panorama module too.
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» Archiving of a complete slide ("virtual slide")

The archiving of specimen over al long period requires a high amount
of space and its always associated with loss of quality (i.e. bleaching).
The digital archiving of complete specimen is because storage media
are becoming cheaper all the time is a realistic way to save them
permanently with consistent quality.

» Correction of objects cut by the image border

If you want to measure large areas, usually several single images have
to be acquired. In this case always the questions comes up, how to
handle objects that are not visible in full in the image. These objects
should not be measured, as this would distort the measurement result.
Using MosaiX images, you can avoid this problem completely.

With MosaiX, a specimen is scanned with a scanning stage extensively to
generate a large "virtual" representation. This electronically generated
image of the specimen serves as a map for navigating around the sample,
and as a basis for further analyses. The advantage of this method is that
you only have to scan the specimen once, and it is then available for all
subsequent processing or analysis steps.
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There are two ways to combine the individual images with the highest
possible pixel precision:

» Ensure that the stage calibration and camera alignment are correct.
The images are then "simply" put together. No check is performed to
establish whether this has been done correctly. This is a fast method,
but a certain amount of care is required when you are configuring the
system.

» The second option automatically guarantees that all images are
correctly positioned in relation to each other. This is what is known as
Stitching. Here the image structures of adjoining images are used as a
basis to check that the boundaries actually fit together correctly. If this
is not the case, the images are automatically placed in the correct
position in relation to each other.

As the focus plane does not always remain the same if samples are large,
or if the scanning stage has to travel large distances, automatic focusing is
often required during acquisition. Two options are available here: the
Autofocus function and Focus Correction.

» Autofocus: here every nth selected tile image is focused in
accordance with the calibration performed. The focus plane found is
retained for the acquisition of the following tile images, until the next
nth tile is reached. This is Focus Correction: With this method a
“focus landscape” is defined. Several focused positions are used to
calculate the three-dimensional surface curves of the object and the
individual tiles are focused accordingly. At least three positions need to
be set. The larger the desired MosaiX, the more positive the effect of
setting more focus positions will be on the sharpness of all the tile
images.
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System requirements

A scanning stage is essential for generating MosaiX images. To make use
of the options for automatic focusing, you will require a microscope with a
motorized z-drive. The Autofocus function requires the AxioVision
Autofocus module.

You should also bear in mind that the resulting images may sometimes
require a very large amount of storage space. Images with several hundred
MB, or even several GB, are not uncommon. This means that the computer
you are using must have an appropriate user memory and hard disk
capacity. You should also consider the possibility of external storage
(network, CD/DVD writer etc.).

Special features of MosaiX images

Generally, an image that has been acquired using the MosaiX module is
the same as any other — it is just larger, and made up of several
component images. For MosaiX images, a special view which allows you to
work more efficiently with the individual images is therefore available via
the image window: TileView. In this view you have access to the individual
images (the "tiles") that make up a MosaiX image. Here you can "pick up"
the tiles individually, and change their position or alignment. You can also
display information on the individual tiles, and insert circumscribing
rectangles.

=
=5

TileWiew | Info Yiew | Tree Yiew

m&lie_lgg i m"’“"i‘ff:j u

Button to activate the tile view in the display window.
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Multidimensional MosaiX images

The MosaiX module can also be used together with the modules for
multidimensional image acquisition. It can therefore be combined freely
with the Multichannel Fluorescence, Z-Stack, Time Lapse and Mark&Find
modules. If you are using MosaiX together with the Mark&Find module, you
can define a region around any position in a Mark&Find position list for
which you want to acquire a MosaiX image.

¥ [rnea]

Muscle specific GFP tag (yellow), nuclear stain (blue), stage 10.5 embryo, 2
channel fluorescence Z-stack ApoTome acquisition of 3x3 Camerafields, stitched
together with the new MosaiX module of AxioVision 4.2. Dr. Frederic Relaix and
Emanuelle Perret, PFID, Pasteur Institute, Paris, France.

The Extended Focus module is only useful in combination with the MosaiX
module if you are using Z-stack images. A microscope with a motorized Z-
drive is required.

If you want the individual planes of a region of a specimen to be acquired
manually for the extended focus, the Panorama module is also required, to
put the individual images together.
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Setting up the camera and scanning stage

If you want to acquire good quality MosaiX images, you need to ensure that
certain requirements relating to the interaction of the camera and
microscope/scanning stage are met. This is firstly to guarantee the correct
movement of the stage, and secondly to prevent the individual tiles from
being shifted or rotated in relation to each other during acquisition.

Image orientation

The image orientation in the eyepiece and the image on the monitor must
be identically. This means that the image on the monitor must not be
rotated in relation to the eyepiece display. If the alignment in the live image
is wrong, it can be corrected either by rotating the camera or by adjusting
the image alignment:

» Set the light path to the camera. Open the =yl
live window by clicking on the icon for the
live image on the Standard toolbar.
Alternatively, select the Live function from
the Acquisition menu.

» To change the image alignment, click on

the Live Properties button. Alternatively,
select the Live Properties function from
the View menu.

Live

Live Properties
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» Inthe Live Properties dialog, select the
General tab.

» Select the appropriate Image Orientation
from the drop-down list box, so that the
live image and eyepiece image will
correspond.

NOTE:

e A detailed description of the steps
involved in preparing for image acquisition
can be found in the section "Step by Step
to the First Image" in section 3.3 "Quick
Guide to the First Image".

PR AxioCamMRcS E]

Adjust | Frame General|

AxioCamMRCS: Digital Gain

Tndex
Gain fackor: | 1 | =2

Indesx: ] [

AxioZarmMRCE: Image Crientation

Original

Flipped horizontally
Flipped wertically
Rotated 180 deg

0 | - -

AxioCamMRcS: White Reference
‘white Reference

AxinCamMRCS: Shukter
[CJEnable

AxioCamMRCS: Fiker Operations
Erhance Colaor

Contral Signal: Low ackive %

Acquisition Delay: 0 &£ oms

Directions of movement of the stage

To guarantee that the stage moves correctly, the direction of movement
must be set in such a way that a movement of the camera is simulated
when the control function in AxioVision is used to move the stage. This
means that if the stage control function is moved to the right, the objects in
the live image move to the left. If the stage control function is moved up,
the objects move down. If the directions of movement are wrong, they can
be adjusted via the Microscope Configuration program.
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» Set the light path to the camera. 1
Open the live window by clicking on :
the icon for the live image on the L
Standard toolbar. Alternatively,
select the Live function from the
Acquisition menu.
> Select the Stage/Focus entry from Microscope | Acquistion  Processing  Annotation
the Microscope menu, and open |8 Mieroscope
the stage control function via the Mark And Find
Stage entry' Mark And Find Positions ~ *
Common 4
Reflected Light 4
Transmitted Light 4
| Stage/Focus Stage
12 Focus
> Now check the directions of Stage X
movement in the x- and y-directions. '
Posikion % [um]: Position ¥ [Jm]:
» First move the stage to the right. 591680 o.on0
» The objects in the image should _*
move to the left.
Distance x [pm];: Distance v [um]:
691,680 0,000

> If the objects also move to the right,

you need to change the direction of E

movement via the Microscope N
Set 0 Posikion:

Configuration program.
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> Before you do this, however, test the Stage X
movement in the y-direction. —
Position & [um]: [ Position ¥ [pm]:
992,450 | | N 013,280

» Move the stage up.

» The objects in the image should

move down.
Distance % [Hm]: Distance Y [um]:
. . . 992,480 -313.280
» If, instead of moving as described
above, the objects move in the exact (G tome | [I] e
opposite direction, the directions of ot 0 Pasiion:
movement of the stage can be .
Auk !

reversed.

» Close AxioVision and start the MTB
2004 Configuration program. If the
program is not available as an icon
on the Microsoft Windows desktop,
select MTB 2004 Configuration via
Start > Programs - Carl Zeiss
Vision.

Canfigur :||'|| ]

> InMTB 2004 Conflguranon select Load Position

drop- Eiown menu. You can change
the direction of travel by clicking on
the quadrants.

® O
» If you are using the MAC 5000 as Awiz Ditections
stage controller, the movement
can be reversed by the check [ vt sis
boxes of the parameter InvertX _
and InvertY. L] vert s
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Click on to come out of the MTB 2004 Configuration
program and save the settings.

Start AxioVision again, and follow the steps described above to check the
direction of movement.

NOTE:

e If you are working with a joystick, you may find that the direction of
movement cannot be changed when the joystick is being used. This
means that the hardware and software joysticks have different
directions of movement.

Alignment of camera and stage

The camera and stage must be aligned with each other in such a way that
objects move parallel to the x- and y-axes when the stage is moved.
Otherwise, the individual tiles of the MosaiX image would have to be
rotated in relation to each other in order to combine them exactly.

Q\ The home slide (part number 453583) offers you optimum

definition conditions. The center of this slide is marked with a high
degree of precision, and the slide is covered and has polished
edges. This ensures that it can be placed precisely into the slide
holder. Alternatively, you can use a point that stands out clearly on
a slide of your choice.

> Set the light path to the camera. Open =il
the live window by clicking on the icon
for the live image on the Standard
toolbar. Alternatively, select the Live
function from the Acquisition menu.

Live
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» Find a point that stands out clearly on
your slide, or position the center of
the home slide (as shown in the
example) in the top left-hand corner of
the live image.

» Select the Stage/Focus entry from
the Microscope menu, and open the
stage control function via the Stage
entry.

» Now move the stage to the left. The
selected point moves to the right.

NOTE:

e If the point moves to the left, you need
to change the direction of movement.
Please refer to the previous section.

Microscope | Acquisition  Processing  Annoktation

E Microscope

Mark And Find
Mark And Find Positions ~ *

Common 4
Reflected Light 4
Transmitted Light 4
| Stage/Focus Stage
12 Focus
Stage gl
Position % [um]: Position ' [pm]:
-732.800 0,000

Diskance ¥ [pm]: Distance ¥ [pm]:
-732.800 0.000

[ﬁ' Home ] E] [% Measure

Set 0 Position:
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» The selected point should move
parallel to the top edge of the image
over the entire image width, up to the
top right-hand corner. If it does, the
edges of the stage and the camera
are aligned parallel to each other.

/f/

If it does not, you need to rotate the camera slightly, and then move the
point across the image again. Keep doing this until parallel movement is
achieved.

NOTE:

e If you are no longer able to combine your MosaiX images correctly, this
check should be repeated. It is quite possible that the camera has been
inadvertently rotated.

Acquisition of MosaiX images

» Set the light path to the camera. Open the =1
live window by clicking on the icon for the _
live image on the Standard toolbar. Live
Alternatively, select the Live function from
the Acquisition menu.

> Select the scaling for the chosen objective | £ Epiplan 10x v

from the List of available scalings
underneath the live image.

» To adjust the live image, click on the Live

Properties button. Alternatively, select the
Live Properties function from the View

Live Properties
menu.
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NOTES:

e To guarantee a stitching result without annoying shading on the image
border, you should activate the shading correction. Go to the General
tab in the Live image properties dialog. Make sure that the camera is
viewing a completely empty image. To ensure that this is the case,
move your sample on the microscope completely out of the field of
view.

To ensure that dirt particles from the slide are not visible in the
correction image, use a clean slide and a clean objective and
completely defocus the microscope.

Please note that if the objective is changed the shading correction has
to be generated again.

e A detailed description of the steps involved in preparing for image
acquisition can be found in the section "Step by Step to the First
Image" in section 3.3 "Quick Guide to the First Image".

» Select the Acquisition entry under Warkarea X
MosaiX in the work area. &) Microscape
BEE AxioCamMRCS
12 Scalings

Multidimensional Acquisition
+ Panoramna
= [ Mosaix

J;) Stitching k

& Convert Tile tmages

+ 1‘ Image Processing
#- Measurements
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» The MosaiX Acquisition property I35 Mosaix Acauisition
page displays the current MosaiX
Settings. Mosal<image
Scankods Meander v
> In order for automatic alignment Aulofecushlede of hd
(stitching) to be performed successfully, P—
the images need to be acquired with an Ml Colmrs 5
overlap. A value of 10-20% is B o s
recommended.
Q COwerlap (%) 20 _‘

> The MosaiX-Setup dialog is available if B Mosa start (um) ek

1362.72
you wish to adjust these settings. To T Mosat sk ) 3359.20

2516,80
. . Setup... e 1292.00
open the dialog, click on . G e size um) 065,00

» The MosaiX Acquisition Setup pacess
dialog is the central dialog for e
defining the position and size of the | -]
MosaiX image to be acquired of o
your specimen.

» To define a new MosaiX image, gy
. . . =14 =100 = 1000 =500 =500 =400 um
reset any existing settings. To do

this, click on the button below

the Navigator.

200

» The size is reset to one tile. The
starting point is the current stage
position. You can choose between
the rectangle or circle mode or the Qo B o
overview image. Ek

400
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As a reference point you can choose between the tile in the top left-hand
corner or the center of the entire MosaiX image.

» Now, starting from the current

point, move to the furthest points of
the MosaiX area using the control

elements for the Stage in the
Microscope and camera group.

» First, move to the left edge of the
area you wish to acquire, for
example, or double-click on the
corresponding position in the
Navigation window.

Microscope and camera

StageTab | FocusTab | ExposureTab | SettingsTab

Sktage

Position ¥ [pm]: Position ¥ [Lm]:
0,000 | | 0.000
[

Distance ¥ [pm]: Diskance ¥ [pm]:
0,000 | | 0,000 |

[‘m Horne: ] E] [’; Measure]
Set 0 Position:
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» Click on the button to enlarge the
MosaiX image to the current
position.

» The MosaiX area is now enlarged
to the current position.
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» Repeat these steps for the right,
top and bottom edges of the area
you wish to acquire.

NOTE:

e To check that the MosaiX area has
been correctly defined, you can
move to individual tiles directly by
double-clicking on a tile in the
navigator.

» If you wish to reduce the area for Cv
the MosaiX image, move to the
new edge positions (top, bottom,
right, left) and click on the
appropriate button for clipping the
MosaiX image.

§
Herx uawgead - n

b

]
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» Click on OK to adopt the settings.

» The settings are now adopted into
the MosaiX Acquisition property
page.

» Start acquisition by clicking on
Start.

» AxioVision now covers the defined
area and displays the result step by

step.

n Mosaix Acquisition

mage Mozaillmage
Scantode Meander v
Autofocustode off v

Mosaix settings

O wE

|8 &

=

Columns
Raows
Creerlap (%)

_ 0.00
Maosaix stark (um) 0.00
Masaix size {um) ggggéi
Tile: size: () éggzo'gn

EI workflaw [ Warkarea
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Stitching parameters

Scanning stages deviate from their exact positioning as they move. To
ensure that it is nevertheless possible to assemble an overall image
correctly when you are acquiring combined images (MosaiX), the single
images (tiles) are acquired with overlapping regions and are subsequently
fitted together using the so-called stitching method. It is essential that
sufficient structures are displayed within these overlapping regions. The
stitching algorithm attempts to recognize the precisely matching regions of
two tile images that are located side by side and tries to position them
accordingly.

Tile 1 Tile 1

Tile 2

N

Overlap region

Tile 2

The idea of the stitching algorithm is based on pattern recognition. A
structure is detected in the overlapping region of a tile image. An attempt is
then made to find this structure again in the overlapping region of the
neighboring tile.
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,.Error of the scanning stage ‘novement / MinimumOverlap = 3% — 30 Pixel
---------------- ~7~"3]  pattern region

Tile 2

Tile 1 ;

/ «—>
search space  SearchDepth = >
15 % =150 Pixel  15% MosaiX-Overlap

The tile images in the diagram overlap by 15%. The Overlap parameter is
set in the MosaiX Acquisition function.

NOTE:
¢ Tiles that do not overlap cannot be fitted together!

Three parameters are important for the stitching algorithm:
MinimumOverlap, Search Depth and SobelSize.

» The MinimumOverlap parameter indicates the size of the pattern
region. The size is given as a percentage of the tile size. If, for
example, a tile image contains 1000x800 pixels and the
MinimumOverlap has been set to 3%, this results in a pattern region
of 30 pixels.

In the diagram, this region is shaded dark gray. An attempt is now
made to find the structures contained here in the overlap region of the
neighboring tile (light gray rectangle).
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The stitching algorithm can only be applied successfully if visible
structures are present in the search space. If only a few structures are
present, you can increase the MinimumOverlap parameter. This
means that the pattern region that you wish to look for is expanded and
the possibility of finding a clear structure is increased.

The MinimumOverlap region selected should not be larger than the
MosaiX-Overlap, however. This means that, when acquiring objects
that contain few structures, you should select a 20-30% overlap for the
MosaiX Acquisition function so that you can subsequently set the
MinimumOverlap to a high value, such as 10%.

The lower the value set for the MinimumOverlap parameter, the
quicker the stitching process takes place.

» The SearchDepth parameter indicates the percentage of the tile size
in which the best match for the defined structure should be searched
for in the 1% tile image. If you use an accurate scanning stage, the
Suchtiefe can be kept low (e.g. 5%), as the pattern region can be
found close to the original position.

For stages that are less accurate, you will need to work with a larger
SearchDepth in order to have a chance of finding the structure.
However, you should bear in mind that if too large a SearchDepth is
selected, an incorrect stitching position may be found — particularly if
the specimen displays similar or recurring structure patterns.

Remember that a lower value for the SearchDepth parameter speeds
up the stitching process.

» The SobelSize parameter indicates the way in which the stitching
algorithm deals with the structures in the defined pattern region for an
optimum search result. In most cases, you can retain the preselected
value Low.
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However, if your tile images contain blurred structures which cause
stitching problems, you can set this value to Off. In this case, it is
essential that you perform shading correction during the acquisition of
the tile images. Should the problems continue with the Low or Off
values, you can use the High parameter value. This selection then
takes larger image structures into account for pattern recognition.

Converting a tile image into a regular AxioVision
image

As tile images are a special format, they cannot be further processed or
measured using the AxioVision functions. You have to convert them into a
regular AxioVision image first.

» Acquire a tile image, or load one from the hard drive.
» Select the Convert Tile Images
function from the Processing menu.
» The current tile image is displayed,
with a frame, on the left-hand side. R
» You are now able to position the
frame freely and change its size.
» If the mouse cursor is inside the
frame, keep the left mouse button
pressed and you can move the
whole frame.
» If you move the mouse cursor onto
one of the frame handles, keep the
left mouse button pressed and
resize the frame.
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» Once you have selected the desired region, click on OK. A regular
AxioVision image is then generated. This image can now be processed
and measured in the usual way.

NOTE:

e The size of the resulting image is reduced to 8192 pixels by default. If
the frame size set exceeds this value, the resulting image is
automatically reduced accordingly. The region you have selected is
always used, however. If you want to avoid reduction, you can freely
configure the size of the AxioVision image.

» Select the Options function from the | General | Layou | Folder ImauekDiw'ay D

Tool menu. Activate the Image tab Autosave
Sheet []show image info dialog

> |n the Multidimensional Multidimensional acquisitian
acquisition field you can adjust the AN SRR -]
Max. MosaiX image size parameter = rax tosaitimage see [ 192 pixel
aCCOrdlneg The Slze Of the Value [Jcreate additional tile image For Mosaix k

that you can select for this setting is
essentially dependent on your
computer’s user memory.

If the setting you select is too large, you may not be able to process the
resulting images optimal. The processing speed will in any case be
reduced dramatically, constricting optimal working.
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9.8 TMA

Background

Tissue microarrays consist of hundreds of small tissue samples of cores
fixed on a single:

200020+ 22080000
000030 900¢3509
0900 22\09 000
$900e@: ¢ ®~0gco00
: @..0....“’%ﬂ.f“gfﬁ°ﬂ@
Oo0m%p *gPaggaeed
FL“.W'&"t&&F.@
CRE@=(PoV  9pe0O®
060C0° DRy 0 @030
tnjeaDdac® pasandhd

Biopsies embedded in paraffin Composite image of a tissue microarray

This technique makes it possible to analyze a wide variety of tissue
samples in parallel, under the same conditions and without variability in the
staining. In connection with automated image acquisition and analysis,
tissue microarrays are fed into an efficient high-throughput procedure.

The functions of the TMA module are integrated into AxioVision, expanding
the software with the option of acquiring tissue microarrays. On the other
hand, all the modules available in AxioVision can also be combined with
TMA, e.g. with the quantitative analysis methods.

Application

The TMA module enables the acquisition of an overview "map" of the
tissue microarray. Tissue cores are automatically detected and identified
with a grid position and a coordinate list is created. Using the detected core
positions, TMA acquires high resolution images of immuno-histochemically
stained or fluorescence labeled core samples (e.g. FISH) and can acquire
images with multiple separately labeled fluorochromes.
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The AxioVision measurement functions provide all the tools for counting
cells and quantifying staining intensity, percent positive marked elements
and other parameters.

Functions and integration into AxioVision

TMA adds two functions to AxioVision — one for generating a composite
image and one for deriving a position list from the composite image. The
functions are available via the Applications = TMA menu. Consequently,
they can be used in your own toolbars and workflows etc. via the Extras =
Customize function.

The TMA workflow can also be used for routine work.

Whark flows *
Standard
THi&

tx

Live

. =
|~
|

ke Map

Detect Cores

S
M

MarkéndFind

O workarea EI ‘WorkFlow

How you work with the TMA module is explained in detail on the training

CD provided. Detailed descriptions relating to the individual functions can
be found in the online help. Simply start a function and then press the F1
key.
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Make Map

Captures a low magnification overview map of the array using a mosaic
technique. This is a quick and easy to use function with re-usable
templates for different tissue microarray layouts. Make Map can acquire an
overview in brightfield or fluorescence illumination.

Detect Cores

Automatically detects the cores from the overview map image and assigns
grid coordinates. A highly sensitive algorithm is used that can cope with
distorted array patterns or missing cores. The grid coordinates of each core
are used to create a Mark&Find list. Coordinates can be referenced to
marker cores on the sample, allowing cores to be relocated after the slide
has been replaced on the microscope. Additionally, the reference point is
required for using the TMA position list correctly with other modules of
AxioVision.

Prerequisites

In order to work with TMA, the Mark&Find and MosaiX modules must also
be installed on your system in addition to TMA. Depending on what you
wish to use the TMA module for, other modules may also be useful, e.g.
Multichannel Fluorescence, Z-stack, Autofocus, AutoMeasure. Your
microscope must be equipped with a scanning stage, to facilitate automatic
location of the sample.
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9.9 Physiology Acquisition

Introduction

Many intra- and intercellular processes are accompanied by rapid changes
in the local concentration of various ions, such as calcium (Ca*") or
magnesium (Mg"™). For example, the penetration of an egg cell by a sperm
cellssets in motion an intracellular signal cascade that results, within a few
seconds, in the egg-cell membrane becoming impermeable for other
sperm. The signal transmission between cells, such as neurons, is another
example. In these cases the transmission of the signal is also accompanied
by the release of calcium ions. It is therefore possible to visualize these
processes by measuring the Ca++ concentration via imaging.

The AxioVision Physiology module supports all the common methods of
calcium measurements as well as many other ion measurements such as
pH.

Method 1: excitation at one wavelength, detection at another
wavelength.

What is measured here is the increase in the intensity of a calcium-
sensitive dye as a function of the Ca++ concentration. Examples of such
dyes are Calcium-Green-1, Fluo-3, Fluo-4 or the BAPTA-based Oregon-
Green dyes. The fact that only rapid sequential acquisition in one channel
is necessary for this method means that it is ideal for measuring relative
calcium changes, even with extremely rapid processes. However, it is
difficult to perform quantitative measurements using this method. One
method by which this can be attempted is to calculate the ratio of F/FO by
which a baseline timepoint is selected as FO.

Method 2: excitation in two wavelengths, detection of the changes in
fluorescence intensity in one wavelength, generation of a ratiometric
output image. (“ Excitation ratioing”)

This method is based on the fact that certain calcium-sensitive dyes
change their excitation spectrum as soon as calcium is bound. The most
popular dye from this class is Fura-2. This is particularly well suited to
imaging techniques, as it is easy to change the excitation wavelength with
the help of fast wavelength changers (e.g. Sutter Lambda DG4).
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In addition, the ratiometric measurement principle means that the
quantification is concentration-independent. One disadvantage of Fura-2 is
the need to perform excitation in the UV range. Measurement of pH values
can be performed using the dye BCECF, which changes its excitation
maximum upon binding to protons (H+ ions).

This method can also be used to perform calibrated calcium or pH
measurements to determine absolute calcium concentrations or pH values.
There are two methods for calibration: One involves creating one
calibration valid for the whole image, the other method involves measuring
minimum and maximum responses on a cell per cell base and using these
values to deduce calcium values for each measured ROI. Physiology
supports the second calibration method, also known as “in situ”
calibration...

Method 3: Excitation in one wavelength, detection of the changes in
fluorescence intensity in two wavelengths (“Emission ratioing”)

This third method uses dyes with which the calcium binding produces a
change in the emission spectrum. This is also a ratiometric method. This
requires the simultaneous detection of the signal in two wavelengths, which
requires the use of the two camera module Dual Camera. With this module
two cameras, which have been appropriately configured using a dual
camera adapter to each see a different wavelength, can be operated
simultaneously producing a two channel image in the same instant. A
popular dye used for emission ratioing is Indo-1. Also Calcium sensitive
FRET sensors such as the yellow cameleon fluorescent proteins follow a
similar acquisition principle.

For an overview of this issue, we recommend that you refer to Takahashi,
A., et al., Measurement of Intracellular Calcium. Physiological Reviews 70,
No. 4, pp1089 ff, 1999. Another good review appeared in Methods in Cell
Biology, Vol. 72, pp 369-387 (“Ratio Imaging: Measuring Intracellular Ca++
and pH in Living Cells” by Randi B. Silver, 1998). For further information on
the reagents and techniques used, see also
http://www.invitrogen.com/probes.
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Acquisition principles

The Physiology module enables you to acquire time lapse images at a
speed that is only limited by the technical limitations of the devices you are
using (camera, light source) and the selected camera settings. To achieve
such speeds, the Physiology module automatically uses a "streaming"
technique, which involves the raw camera data being written directly to
their own fast streaming hard disk (or a suitable empty partition).

The results of the acquisition process are therefore a streaming document
(*.ZIAR).

At the same time, enough memory is reserved so that the measurement
data can also be managed, which are necessary for online display of the
charts. Physiology calculates the maximum possible number of individual
images that can be acquired from the number of measurement regions
drawn in and the memory available on the streaming hard disk. As this
value is dependent on numerous factors (binning, ROI, number of
measurement regions drawn in, demands made on available free memory
by other applications etc.), the entire hard-disk space that is theoretically
available cannot always be used.

In a second step, which is separate from the acquisition process, the
streaming document is converted into a regular ZVI image document. This
is required for all further processing steps in AxioVision.
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The principle is illustrated in the following schematic (the actual harddisk
configuration in your computer may be different):

1x 160 GB

@ — C:\ =2 Windows, programs

2x 250 GB: 500 GB RAID 0 array

——— DN = 400 GB User profiles
(,My Documents®, all
images, pagefile, SWAP

] variable)
E\A = 100 GB reserved for

streaming data
(Tools/Options/Storage/
Folder for Camera
Streaming File)

This acquisition technique depends to a great extent on ensuring that you
have the correct PC equipment and the correct configuration. Please
observe the minimum technical requirements, which can be found in the
"AxioVision Product Suite" installation manual.

The procedure for calcium measurements with the Physiology module can
be divided into four steps:

» Preparation of the experiment, setting of the camera and drawing in of
measurement regions - Setup.

» Acquisition of the time lapse image, including measurement of the
changes in concentration during the acquisition process itself, with
options for interaction to control the experiment - Image Acquisition.

» Conversion of the acquired raw data into ZVI and downstream analysis
- Cutter
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» Measurement of the acquired data with options to select measurement
methods, specify the type of background correction or even select
custom calculation formulas - Physiology Measurements.

These steps are explained below following the individual control elements
as they appear in the software.

Acquisition

If you select this function on the Acquisition menu = Physiology
Acquisition = Acquisition, the Physiology Acquisition dialog opens.
This dialog can be resized to accommodate the text presented in the
Parameters field.

» Parameters: An overview of the most important acquisition parameters
of the experiment currently active is displayed in list form: acquisition
mode, number of ROIs (measurement regions), number of possible
acquisition cycles, time interval currently set and maximum possible
streaming file size. Please note that these values depend on the
settings you entered in the Setup dialog.

L5t | Opens the Physiology Setup dialog.

Template

All settings relating to an image acquisition procedure with the Physiology
module are managed as an Experiment.

» Name: Name of the experiment. If the default experiment is loaded, the
name field remains empty ( *).
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» A newly created or modified Physiology experiment can be saved by

clicking on \&J:}. Experiments are always saved with the

extension "ziAR" in your personal document folder (e.g. for the user
"Administrator": C:\Documents and Settings\Administrator\My
Documents\Carl
Zeiss\Data\AcquisitionRecording\PhysiologyAcquisition).

» You can also save an experiment under a new name using Save As

(click on ¥ at the side of the ﬂ]:} button).

> ltis also possible to define a Physiology experiment as a default
experiment, instead of constantly reloading experiments.

» To do this, the Physiology experiment must first be configured in the
desired way. To make this experiment a default experiment, you then

need to select the Save As Default option (click on ¥ at the side of

the \&Jﬂ button). This Physiology experiment will now be

loaded as a default experiment every time you start AxioVision. Any
changes that are made to this experiment while AxioVision is running
will be rejected automatically when the program is closed. This ensures
that the next user will always find the familiar default experiment.

> If, after making changes, you want to restore the default experiment
while AxioVision is running, you can do this using the Load Default

option (click on ¥ at the side of the \i]:] button).
» Toload a saved experiment, click on \i]:].

» Toreset the Physiology Experiment to the factory default state, the
Load Factory Default option is available (click on ™ at the side of the

e button).

> Prefix: Here you can enter the basic name for all images acquired
using the Physiology module.
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Camera

From the drop-down list field you can select, which camera should be used
for fast acquisition. This is important for systems which are set up with two
identical cameras in a Dual Camera configuration. You can choose either
the ActiveAcquisition camera, which is the camera currently active in the
system or you can specifically select one camera of your choice (e.g.
AxioCamHS_2) which will then be automatically selected for acquisition
irrespective of which camera is the currently active camera. Finally, you
can choose DualCamera. In this case, two identical cameras can be used
simultaneously. Please see the help for Dual Camera elsewhere for further
details.

Hardware-Settings for Experiment

In this field you can enter hardware settings that prepare the hardware for
fast Physiology Acquisition, e.g. switching the light path to the camera or
preparing the light sources for fast acquisition.

» Before experiment ...: Here you can select a suitable hardware

setting from the drop-down list box. If you click on the button, you
can apply the selected hardware setting to the microscope to test the
settings.

> After experiment ...: You can use an additional hardware setting for

the end of the experiment. If you click on the button, you can apply
the selected hardware setting to the microscope to test the settings.
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Physiology Setup

Here you can enter settings for the experiment on the Regions, C
(Channel) and Markers property pages.

As soon as more than one channel has been configured, channel 1 is
ratiometrically processed with channel 2 (method 2 or 3). If only one
channel has been configured, the method Ratio Single Channel should be
used and the analysis performed with the help of an FO image. It is also
possible to configure more than 2 channels (e.g. for a brightfield image).
However, it is always only channels 1 and 2 that are analyzed. For method
3 (emission ratioing) Dual Camera has to be selected. Here camera #1 is
always assigned to channel #1, camera #2 to channel #2.

The Physiology Setup dialog is opened by clicking on &J.
Regions property page

On this property page you can prepare the Physiology Experiment by
defining the method for calculation, acquiring test images, drawing in
regions, setting the camera exposure time and specifying how the ratio
image should be calculated.

Setup Measurement Regions of Interest (ROI)

This page is divided into 6 areas, containing an image display and the
corresponding chart display. First of all, you should acquire a test image. In
order to do this, the channels must have been correctly set (on the

C (Channel) property page of the Physiology Setup dialog). The
explanations given here relate to method 2 with the acquisition of 2
channels. For other type of experiments (e.g. for the FRET calculations)
additional control elements will appear.
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» To perform acquisition, click on the lﬂj button. Three images
are acquired for each channel using the currently active camera
settings and a mean-gray-value image is calculated to suppress
background noise. You will now see channel 1, channel 2 and the
calculated ratio image, including a rainbow color table ("Rainbow
LUT").

» At the lower edge of the dialog you will find a toolbar. A description of
the first 11 tools can be found under Display Panel.

» Using the other tools it is possible to draw in up to 100 regions, which
will be used during the acquisition procedure itself for the online
analysis. When you draw in several regions, the next color from the
color list is automatically assigned to each new region.

: Allows you to click on and select measurement regions that have
already been drawn in to move them, enlarge them, delete them or change
their color.

: Used to draw in a rectangular measurement region. If the button
is not selected, the tool remains active and it is possible to draw in several
measurement regions one after the other.

@: Used to draw in a measurement region with a free form of your choice

(spline). If the button is not selected, the tool remains active and it is
possible to draw in several measurement regions one after the other.

-
: Used to draw in an ellipse as a measurement region. If the

button is not selected, the tool remains active and it is possible to draw in
several measurement regions one after the other. If the Shift key is
depressed while drawing in the ellipse, a circular form is enforced.
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Draws a circle. Starting point and end point of the drawing defines the
diameter making it easy to e.g. define a circle encompassing a complete

cell. If the button is not selected, the tool remains active and it is
possible to draw in several measurement regions one after the other.

Lal When clicked, the last shape used for drawing a ROl is “remembered”
and drawn into the overlay by simple clicking. This allows the cloning of a
shape with ease. It works with all ROI tools except the free form spline tool.

This function can be disabled by selecting .

* : Deletes all selected measurement regions.

Select Al . .
: Selects all available measurement regions.

-
== Allows you to change the color for a measurement region.
L@
I
I
I
I
Custam .. : Via Custom... it is possible to add further colors to the list

from a color selection dialog.

: Defines a selected measurement region as a background region. The
mean gray value from this region can, if desired, be automatically
subtracted from the measurement values from other regions.
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Settings Channel 1
Here it is possible to enter the desired exposure time for channel 1.

» Time: enter the exposure time to be used for the channel into the value

e

field, either directly or using the arrow buttons ' * .

» Measure: To determine the exposure time interactively, click on the

button. The dialog that opens contains a live image,

generated using the channel-specific hardware settings. The exposure
time is automatically measured when the dialog is opened. After you

. (83 . . Lo
click on , the dialog is closed and the new exposure time is

adopted automatically.

Note:

e Please note that, in order to achieve high acquisition speeds, the
exposure time should not be set too high. Maximum exposure time
allowed in Physiology experiments is 800 msec. If resulting images are
displayed too dark, adjust the display settings accordingly. Also,
consider using camera binning and define a region of interest for the
camera to further increase the acquisition speed.

Settings Channel 2
Here it is possible to enter the desired exposure time for channel 2.

» Time: Here enter the exposure time being used for the channel into the

value field, either directly or using the "*  buttons.
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» Measure: To determine the exposure time interactively, click on the

button. The dialog that opens contains a live image,

generated using the channel-specific hardware settings. The exposure
time is automatically measured when the dialog is opened. After you

. (o4 . . .
click on , the dialog is closed and the new exposure time is

adopted automatically.

Note:

e Settings for channel 2 are only available if more than one channel is
set up. Also, for single channel ratioing (method 1), the image area for
channel 2 is used to display the so-called FO reference image instead.
An exposure time for channel 2 can be defined nevertheless.

Ratio Image Definition

» Method: From the drop down list box you can select which calculation
method you want to use for your experiment. 6 Methods are available
for analysis during acquisition (“online”):

¢ Ratio Dual Channel: Classical dual channel ratio imaging using
either method 2 (excitation ratioing, e.g. Fura-2) or 3 (emission ratio
imaging, e.g. Indo-1). Ratio is always calculated dividing channel #1
by channel #2. Only available with setups containing two or more
channels.

¢ Ratio Single Channel: Single Channel ratio imaging such as Fluo-
4; can be done with single or multiple channel setups, online
processing always done on channel #1.

e Fret Youvan: Sensitized emission FRET measurements using three
images. Channel #1 = Donor, Channel #2 = acceptor, channel #3 =
FRET. Only available with setups containing three or more
channels.

e Fret Gordon: Derivative of FRET Youvan. Only available with
setups containing three or more channels.
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e Fret Xia: Derivative of FRET Youvan. Only available with setups

containing three or more channels.

e Fret Siegel BL: Acceptor bleaching method, requires two channel

setup (channel #1 = donor, channel #2 = bleached acceptor).
Measurement done on channel #1 only.

Note:

All the following explanations are based upon the Ratio Dual Channel
method. A detailed explanation of the available FRET methods please
see Physiology Measurements.

To calculate the ratio image, the gray values from channel 1 are
divided by the gray values from channel 2 pixel by pixel. As the
resulting ratio values are usually very small, the results are multiplied
by an arbitrary factor. This makes it possible to display the ratio values
as an image. To enable you to distinguish ratio differences more easily,
these values are displayed in color using a rainbow colored look up
table.

The ratio image is calculated as outlined in the formula shown here:

r(x.y) =Muttiplier * 1Y) | ogreet
ch2(x,y)

]

- r (x,y) = ratio image

- Multiplier = factor by which the result of the division is multiplied
- channel 1 (x,y): image from channel 1

- channel 2 (x,y): image from channel 2

- Offset = factor that influences the general brightness of the ratio
image.

In order to make it easier to match ratio image display and ratio charts
the display can be influenced directly by changing lower (Minimum)
and upper (Maximum) boundaries of the actual Ratio values. The
corresponding multiplier and offset factors are updated in the displayed
formula.
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» The lower and upper limit of the displayed ratio can be entered using
the sliders for Minimum or Maximum or by entering the values directly
in the edit fields:

Minimum J 0.0 o
: TR
Maximum ) 32 B

» By raising the lower limit one can reduce the background of small
ratios, by raising the upper limit, also larger ratios can be displayed
properly. A minimum of 0 and a maximum of 3 cover the range of ratios
commonly occurring in biology.

> In the case of a single channel (method 1), a reference image is used
as a denominator for the calculation. This so-called FO image can be

Snhap FO

acquired using the button.

C (Channel) property page

The basic functions available on this property page are identical to those
on the C (Channels) property page for Fast Acquisition.

In Physiology, up to 5 channels can be configured for acquisition.
However, only the first (for single channel experiments, method 1) or the
first and second channel (methods 2&3) will be taken into account for the
online analysis. The other channels will nevertheless be acquired and used
during the conversion into a ZVI document and will therefore be available
for further processing.
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Markers property page

Marker

One of the most important functions for calcium measurements is the ability
to change the conditions of the experiment during acquisition and to log
changes in the experiment. Physiology makes two types of markers
available for this purpose.

>

Speed Marker: These markers can be used to change the interval
between the individual time points for image acquisition at the touch of
a button.

Event Marker: These markers enable you to enter previously defined
events, such as a change of media, into the current experiment at the
touch of a button. It is also possible to apply hardware settings using
Event Markers.

Both types of marker are incorporated into the log when they are used.
They subsequently enable you to navigate more easily within the acquired
data and can also be inserted into the image as annotations.

Speed Marker

>

Users can define as many markers as they wish. To create a new

marker, click on the S ey button and enter the

desired settings.

Marker Settings control area: Here you can give the Speed Marker a
Name, enter a Tool tip text that will appear as a yellow text box if the
mouse is moved over the button, allocate a Color to the marker from

-
the mm  drop-down list box and define a Shortcut that enables you
to operate the marker rapidly without having to click with the mouse.
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» Interval settings control area: You can choose between 6 options:

As fast as possible: Acquisition will happen as fast as the camera
allows

Interval: The desired time interval can either be specified directly

in the Interval input field or via the arrow buttons " * . The unit can
be selected from a drop-down list box (hours, minutes, seconds,
milliseconds).

Start for: Instead of starting the experiment for an undefined

period of time this marker setting allows you to specify a time
duration for the whole experiment. You have to start the experiment
with this marker for the timing constraint to take effect and not the
regular Start (F5) button.

Pause: Pauses the experiment

Continue: Continues a paused experiment

Stop: Stops the experiment

» Trigger Mode control area: Here you can set up a marker to activate
itself automatically upon an incoming trigger. Triggers can be either a
predefined interval timer or an electrical TTL signal coming in through
the Digital I/O Device.

Off: Turns off automatic triggering

Interval: The desired time interval can either be specified directly

in the Interval input field or via the arrow buttons " * . The unit can
be selected from a drop-down list box (hours, minutes, seconds,
milliseconds). The marker will be set repeatedly during the
experiment after the specified interval time.
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e TTL Input: Two TTL input lines are available through the Digital I/O
Device (TTL In 7 or TTL In 8). Both can be configured to react
upon a change from low to high voltage (“High”) or from high to low
(“Low”) depending on the type of external TTL source.

» To delete a marker, click on the drop-down list box next to each button
[1 fps j
and select the Delete option Delete

Event Marker

» Here you can define as many event markers as you wish. To create a

new marker, click on the Seid ek button and enter the

desired settings.

» Marker Settings control area: Here you can give the Event Marker a
Name, enter a Tool tip text that will appear as a yellow text box if the
mouse is moved over the button, allocate a Color to the marker from

-
the mm  drop-down list box and define a Shortcut that enables you
to operate the marker rapidly without having to click with the mouse.

» Hardware Settings control area: Here it is possible to select an
existing hardware setting that you want to be executed if the marker is
selected during acquisition. Please note that you should only make
changes to devices that it makes sense to change during fast image
acquisition. You should therefore not make any adjustments to, in
particular, the camera resolution or the light source, to prevent the
sequence of the experiment being disrupted. Please check the
Enabled checkbox in order to activate the execution of the hardware
setting.
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» Trigger Mode control area: Here you can set up a marker to activate
itself automatically upon an incoing trigger. Triggers can be either a
predefined interval timer or an electrical TTL signal coming in through
the Digital I/O Device.

e Off: Turns off automatic triggering

e Interval: The desired time interval can either be specified directly

in the Interval input field or via the arrow buttons " * . The unit can
be selected from a drop-down list box (hours, minutes, seconds,
milliseconds).

e TTL Input: Two TTL input lines are available through the Digital I/O
Device (TTL In 7 or TTL In 8). Both can be configured to react
upon a change from low to high voltage (“High”) or from high to low
(“Low”) depending on the type of external TTL source.

» To delete a marker, click on the drop-down list box next to each button
[1 fps j
and select the Delete option Delete
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Physiology Acquisition

The dialog for image acquisition is opened using the ﬂ] button. This
dialog is divided into four areas:

e Area for setting markers.

e Area containing buttons for starting and stopping acquisition as well as
the most important status information.

e Area containing charts and the acquired images.

e Overview chart for the entire experiment.

Speed Marker

» From here it is possible to set a speed marker, either by clicking with
your mouse, by using a keyboard shortcut (if allocated) or via trigger
signal. The acquisition speed then changes accordingly. Each marker
set is entered in the marker list. It is also possible to use special speed
marker settings and start the experiment for only a predefined period of
time, pause, continue or stop the experiment. See Speed marker for
more details.

» ltis also possible to create new markers or modify existing ones during
acquisition. To do this, click on the Edit option in the drop-down list box

[Fast [0) ~[2fes 1)
for the marker, (252ond: Al [ e In the dialog that opens

you can then make the desired changes.
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Event Marker

» From here it is possible to set an event marker, either by clicking with
your mouse or using a keyboard shortcut (if allocated). The
corresponding comment is then entered in the marker list. If an event
marker is linked to a hardware setting, the corresponding hardware
setting is executed. Event markers can also be entered upon trigger
signal.

» ltis also possible to create new markers or modify existing ones during
acquisition. To do this, click on the Edit option in the drop-down list box
for the marker.

Event Markers

[wash cells [F) -
[ AddNew | Fde

Enable Hardware Settings

In the dialog that opens you can then make the desired changes. The
Enable Hardware Settings option activates or deactivates the link to the
Event Marker.

Acquisition area

» Start (F5): Clicking on this button (or keyboard shortcut F5) starts
acquisition for the experiment. It is possible to repeat this procedure
multiple times once acquisition has been completed without leaving the
Physiology Acquisition dialog. The acquired image sequences are
stored as raw data on the defined streaming partition.

> Stop (F8): Clicking on this button (or keyboard shortcut F8) stops
acquisition. Once you have stopped the process, a new image
sequence can be initiated immediately using the Start (F5) button,
although this will then be saved in a new streaming file.
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Pause (F6): Clicking on this button (or keyboard shortcut F6) pauses the

acquisition procedure.

» Continue (F7): Clicking on this button (or keyboard shortcut F7) allows
you to continue acquisition in the same image file.

Timelapse Cydes
Size streaming file
Remaining time
Interval time
Memory Lisage

nsaved frames

451 of 96374

5703 MB

03:20 Hours

Disk Usage

63

B

A progress indicator
shows the elapsed time
for the selected
experiment.

Indicators for the
available main memory
and disk space for the
raw data provide
important information on
the status of the overall
system. It is also possible
to see for how long it will
be possible to acquire
image data.

e In case the harddisk performance for the Streaming partition being too
low some images may not be saved during acquisition. These images
are instead stored temporarily in RAM. The number of unsaved images

is given.

Charts and image display

» Markers: Shows all entries for the current experiment in list form.
Every event is entered as a comment and transferred to the ZVI image
during subsequent conversion.

1| Oy S | .
> h] ﬁ)"' RN L é‘:These buttons allow you to

adjust the display (brightness, contrast, zoom etc.) for the images
during acquisition as well as show a display histogram.
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» The drop-down list box next to the ®T icon opens a dialog in which
the sliders for influencing the ratio image are available. These allow
you to change the ratio display during acquisition.

» For method 2 (excitation ratioing in two channels) or method 3
(emission ratioing), channel 1, channel 2 and the ratio image are
displayed. To the left of these are the corresponding measurement
value charts.

» For method 1 (single-channel experiments), only channel 1 and the
acquired reference image FO, as well as the ratio image, are displayed.

» For FRET imaging you will see Donor, Acceptor and the processed
FRET image

> If you double-click into the Ratio image it will magnify and hide the
other image displays. Also only the Ratio chart will be displayed. This
will allow easier observation of the experiment. Double-clicking once
more restores the standard layout.

> The charts can display 6 different measurement values for all drawn-in
measurement regions (this setting can be entered via a shortcut menu
Displayed value ..., which is opened by right-clicking):

Mean gray value channel 1

Mean gray value channel 1 minus background
Mean gray value channel 2

Mean gray value channel 2 minus background
Ratio value

Ratio value minus background

» Chart settings: The three charts next to channel 1, 2 and ratio image
can be configured by right-clicking on a chart and selecting Chart
Settings upon which a Chart Settings dialog is opened:
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Chart Settings

General | X fus | Y s
General

Title Reset
Time Range

Automatic Range Determination

Duraticn

Show

Title
Legend

[ ok |[ cancel |

The dialog is divided into three tabs which allow the configuration of the
chart parameters such as changing the default title, specifying a
specific value range for X- or Y-axis, displaying or hiding legend and
title or specifying tick marks. A Reset button on the X Axis and Y Axis
page resets the chart configuration to its default setting.

» Experiment overview chart: At the bottom edge of the window you
will see an overview of the entire experiment. Here you see the Ratio
values displayed as measurement traces, all event markers are shown
by name and with a cross marking the timepoint and a navigation tool
with a line marking the current timepoint.
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Each camera acquisition (“snap”) is marked on the x-axis by a yellow

line allowing precise frame selection EXETEE

Here too it is possible to select which values you want the chart to
display (right-hand mouse button, Chart settings). During the
experiment, the new images and measurement values of the time
lapse image are added continuously. The X-axis of the overview chart
is updated once every 10 minutes during an experiment. The broken
red line of the navigation tool moves with each acquired image which is
always displayed automatically.

However, you can also stop the marking line by deactivating the

button.

You have the option of using the marking line like a slider to move to an
earlier time point and revisit the acquired data. The red, broken
marking line has two red, solid peripheral lines. The area within these
two lines corresponds to the area that is displayed in the charts next to
the images. If you grab the squares at the top edge of the area
boundaries, it is possible to change the range shown in the charts.

Change range
Frame number

Eventmarker with name

Marking line (marks currently
displayed timepoint)

Range indicator
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>

ROl and line selection: During the experiment, especially one with
many measurement ROI’s drawn in, it may be desirable to e.g. see
which cell is especially active. You can therefore click on either an
interesting looking measurement line in any of the charts, select a ROI
in one of the displayed image displays or select it in the ROI legend at

the bottom of each chart

Either selection will automatically select the corresponding shapes in
the other areas. Selected lines show up more brightly on the screen,
unselected lines become subdued in appearance.

If a ROI or measurement line is selected, moving the mouse cursor
along the line with no buttons depressed shows a gray line and a pop
up text showing the relevant intensity or ratio values.

x5 Channel 2| pEg

T
T48minsec
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= =
» To move the marking line step by step, you can use the U and U

buttons.

> After stopping the experiment (Stop or F8), you can directly load the
new file in the Cutter to allow conversion into ZVI by clicking on the

[ Start Cutter

] button.

> Clicking on the [ﬂ] button will exit the dialog.

Note: No other setting options are accessible in AxioVision while the
Physiology Acquisition dialog is open. This is designed on purpose to
prevent operating errors.

> Once the dialog is closed, all acquired image data are loaded in
AxioVision in streaming format, but have not yet been saved. They
exist on hard disk but not in a format which AxioVision can read.

» The streaming data can be saved as a *.ziStream document.
Streaming files per se cannot be reopened in AxioVision. Upon saving
each *.ziStream file will be accompanied by a *.ziAR file containing all
relevant metainformation about the experiment and the data, which you
will see, when reopening a streaming file. Both files are necessary to
open an experiment again.

> Please also note, that streaming files must not remain on the streaming
disk in order to prevent disk fragmentation and the resulting loss in
harddisk performance. Upon closing AxioVision, you will be therefore
asked if you want to save or discard unsaved streaming files.
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Physiology Acquisition Document Cutter

To generate a ZVI image from a saved or unsaved *.ziAR streaming
document, you will require the Cutter. Open the Cutter via the
corresponding entry in the work area or the Acquisition menu =
Physiology Acquisition = Cutter.

The principal task of the Cutter is to reduce the time-consuming
conversion of the raw data into a ZVI image to a sensible level. This makes
it possible to reduce the data volume and speed up the further processing
of the data.

Note:

e The Cutter can only be opened if a suitable streaming file has also
been loaded in AxioVision (otherwise the following error message
appears: “No streaming document available to edit. Please first open a
streaming document (*.ziAR)").

Cutter Physiology

The Cutter Physiology dialog is structured in a similar way to the
Physiology Acquisition dialog.

Documents!Last Active PhysiologyAcqu D

> Describes the name of the input

document.

» The l_J button opens a gallery from which you can also load a
document other than the one that was last active. To do this, click on
the thumbnail of the desired streaming document.

: The buttons on
this toolbar can be used to adjust the display (brightness, contrast,
zoom etc.) of the images.
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» Using the button on the toolbar, it is possible to define a region of
interest in the image that you want to be taken into account during the
conversion to ZVI. This will dramatically reduce the data volume to the
relevant parts of the image.

» The drop-down list box next to the ®v icon opens a dialog in which
the sliders for influencing the ratio image are available.

» Marker: Shows all entries for the current experiment in list form to the
right of the dialog. Every marker is transferred as a comment to the ZVI
image during conversion and can later be inserted into the generated
ZVI image as an annotation via Annotations = Frequent
Annotations = Event marker / Speed marker.

» The time format for the marker list can be changed by right-mouse
click in the header row of the list and selecting the Properties Dialog:

Marker List Setings

Time Display Format

E=r .

Please select the desired time format (Seconds, Minutes, Hour or the
generic format hh:mm:ss:msec which is the default setting) from the
drop down list. You can also select the frame number.

» For methods 2 or 3 (excitation or emission ratioing in two channels),
channel 1, channel 2 and the ratio image are displayed. To the right of
these are the corresponding charts displaying the measurement
values.

» For method 1, only channel 1 and the acquired reference image FO, as
well as the ratio image, are displayed.
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» The charts can display 6 different measurement values for all drawn-in
measurement regions (this setting can be entered via the menu
Displayed value ..., which is opened by right-clicking):

Mean gray value channel 1

Mean gray value channel 1 minus background
Mean gray value channel 2

Mean gray value channel 2 minus background
Ratio value

Ratio value minus background

» Chart settings: The charts can be configured by right-clicking on a
chart and selecting Properties upon which a Chart Settings dialog is
opened:

Chart Settings X
General | ¥ fuds | Y fis

General

Title Reset
Time Range
Automatic Range Determination

Duration

Show
Title
Legend

OK__ ]| Cancel
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The dialog is divided into three tabs which allow the configuration of the
chart parameters such as changing the default title, specifying a
specific value range for X- or Y-axis, displaying or hiding legend and
title or specifying tick marks. A Reset button resets the chart
configuration to its default setting.

» Experiment Overview: In the bottom area you will see an overview of
the entire experiment displaying markers and measurement curves:

2

» Each acquisition event is signified by a yellow line allowing easier
frame selection

> In this control element it is possible to define the areas of the streaming
document that you want to be converted to ZVI. When this dialog is
called up for the first time, nothing is selected. Selection can be done
by clicking with the left mouse button and dragging whilst keeping the
mouse key depressed. Selection is symbolized by a magenta selection
bar. Segments within the experiment where the acquisition had been
paused are signified through a lighter color. Such paused areas are
automatically excluded from conversion.
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» The time point currently displayed is indicated using the following
marking line:

—» Selects a timepoint;
shows frame number

— Define area

If you grab the upside-down triangle with your mouse, you can select
the time point of your choice. In the area at the lower half you can use
the left-hand mouse button to define an area to be converted: hold
down mouse button, drag, release - defined area is marked in
magenta. You can mark as many areas as you wish.

» The area that is currently active is marked in magenta, whilst inactive
selections are shown in gray

ImM Ca+Thapsigardin

e

» ltis possible for marked areas to be moved (left-hand mouse button).

Adjusts the zoom factor of the chart in such a way that the entire
experiment is displayed.

0
Allows you to display a part of the experiment in the chart with a
higher zoom factor (Zoom in).

i
Reduces the zoom factor for the displayed chart area (Zoom out).
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@J Moves the displayed chart area (only active with Zoom in).

> In the bottom area of the dialog you will find a table containing the
selected areas with an indication of the exact start and end time points,
the resulting duration and the start-image position and end-image
position for the marked segments.

> It may be beneficial, especially if you need to select a time point

precisely, to position the time point marking line I and set it as the
start point for a new area selection. This is done using the

MJ button. As soon as a start point has been defined, the

Mark End button for defining an end point becomes active.
> You can use the two arrow buttons to browse through

the streaming file frame by frame. This allows an even more precise
frame selection.

» To select the entire time series for conversion, click on the

kark Al button.

> To delete selected area markings, you can use the

button (or alternatively the Delete key).

Conversion Information

Here you will find a display of the file size of the newly generated ZVI
image, the number of individual images it contains and the available
memory on the target drive.
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Executing editing

Corweert Single

[

converts the currently shown frame into a ZVI image and
leaves the dialog open

Corvert All

selects the complete streaming file, starts conversion
immediately and closes the dialog. This button is selected as default which
means that you can confirm this action immediately by hitting Enter on your
keyboard.

ok,
Carries out the conversion to a ZVI image according to the

individual selections, after which the dialog is closed automatically.

Apply

Carries out the conversion to a ZVI image, but the dialog
remains open. This allows you to generate several ZVIs of different areas
and regions conveniently one after another, without having to call up the
dialog again each time.

Cancel

d

Closes the dialog. No ZVI image is generated.

The result of the conversion is a new, unsaved ZVI image. Images
generated in this way can now be subjected to post acquisition analysis
using the Measurements function
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Physiology Measurements

During acquisition preliminary measurements are performed based on the
drawn in measurement regions. These online measurements mainly feed
the charts with data for online display. Measurement regions can also be
moved to compensate for moving cells during the experiment. This option
as well as other vagaries during the experiment can lead to measurement
values inconsistent with the experimental goals. Therefore a detailed
analysis of the acquired data must be done after the acquisition. This can
be done using the Measurements function in the Physiology module.

Measurements can read any ZVI time series, also if the series has not
been acquired using Physiology. ZVI time series can have one or more
channels, which can be selected flexibly for measurement. The strict
channel order which is required for online measurement does not apply for
offline measurement. Streaming files (*.ziAR) must be converted into ZVI
first using the Cutter.

» You can open the Physiology Measurements dialog by clicking on
Measurements in the Acquisition menu = Physiology Acquisition
= Measurements.

Always the active ZVI image is loaded into the Measurement dialog. By

using the l_J button another ZVI image can be selected from the Gallery.

The left side of the dialog features three tabs for setting up which channels
should be measured (Channel Setup), for configuring the measurement
parameters (Measurement) as well as parameters for generation of the
ratio image (Ratio Image).

9-174 M 60-4-0004 e / printed 05.2008



Modules - Physiology

Channel Setup

» Method: From the drop down list box you can select a calculation
method. Default method is Ratio Dual Channel. There are 8 predefined
methods but you can also use your own custom formula. The
parameters which can be changed depend on the method selected.
For the various FRET methods the different formulas used are
displayed as well:

Ratio Dual Channel: Classical dual channel ratio imaging using
either method 2 (excitation ratioing, e.g. Fura-2) or 3 (emission
ratio imaging, e.g. Indo-1), only with two channel setups. Ratio is
always calculated dividing channel #1 by channel #2.

Ratio Single Channel: Single Channel ratio imaging such as Fluo-
4; can be done with single or multiple channel setups, online
processing always done with channel #1.

Fret Youvan: Sensitized emission FRET measurements using
three images. Channel #1 = donor, channel #2 = acceptor, channel
#3 =FRET

Fret Donor Ratio: channel #1 = donor, channel #2 = acceptor,
channel #3 = FRET

Fret Acceptor Ratio: channel #1 = donor, channel #2 = acceptor,
channel #3 = FRET

Fret Gordon: Derivative of FRET Youvan
Fret Xia: Derivative of FRET Youvan

Fret Siegel BL: Acceptor bleaching method, requires two channel
setup

Custom formula: Using regular algebra terms a customized
formula can be edited and applied to the data.
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Note: All the following explanations refer prominently to the Ratio Dual
Channel method.

>

Channel Selection: The ratiometric measurement can be set up here
by selecting numerator and denominator channel used in the ratio
formula. Select the desired channel (channel name as specified in the
experiment) from the appropriate drop down list.

Ratio Image Definition: In both methods ratio values are displayed by
applying a color look up table (LUT) to aid the visual distinction of small
ratio changes. The ratio image is calculated as outlined in the formula
shown here:

r(x,y)=Multiplier * chix.y) + Offset
ch2(x,y)

¥

- 1 (x,y) = ratio image

- Multiplier = factor by which the result of the division is multiplied
- channel 1 (x,y): image from channel 1

- channel 2 (x,y): image from channel 2

- Offset = factor that influences the general brightness of the ratio
image.

The lower and upper limit of the displayed ratio can be entered using
the sliders for Minimum or Maximum or by entering the values directly
in the edit fields. These values are also put in the output ratio image as
image tags and are used by the LUT Scale annotation. By raising the
lower limit one can reduce the background of small ratios, by raising
the upper limit, also larger ratios can be displayed properly. A minimum
of 0 and a maximum of 3 cover the range of ratios commonly occurring
in biology.

Look-up Table (LUT): Clicking on E] opens the Open Table dialog
which allows selection of a desired look up table. Depending on the
application or the personal preference various LUTs serve different
purposes. For Ratio imaging a rainbow look up table is frequently used
(RAINBOW.COL).
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» In case of the Ratio Single Channel method the Reference Image
(FO) section becomes active which allows definition of time points for
calculation of an averaged FO reference image.

» In order to generate an appropriate reference image for a single
channel measurement a suitable range of time points can be defined
from within the same channel. This, e.g., could be a resting phase,
where cells do not show any ion fluctuations as well as do not move.
You can either enter the desired time points directly in the From and
To edit fields or take over the current time point as selected with the

<- Player

time player by clicking on the buttons.

» From this series of individual time points an averaged reference image

is calculated after click on I Laesiebicknce lopes

» After the reference has been created, the charts become active and
measurements can be performed.

Measurement

» This tab contains functions for background correction as well as for in
situ calibration should absolute concentrations be determined.

» @ MNobackground correction . £ selected, the uncorrected raw gray values
are used to calculate the ratio values

> (@ Usefixed background value . ¢ selected, a fixed background value is
subtracted from all time points. This value is channel specific and can
be entered in the edit fields next to the appropriate channel number. In
case of single channel images for which an FO reference image has
been defined, the FO reference is considered as a pseudo channel #2.
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> (@ Usebackground ROI . if 3 measurement region (ROI) has been
selected in the image, this option becomes active. Here a background
value for each channel and time point is measured and subtracted from
the gray values of the other measurement regions used to calculate the
ratio. If either of the two other options is selected, the selected
background ROl is converted into a standard measurement region. To

again use a background region use the &

convert a ROl into a background ROI.

button from the toolbar to

> In Situ Calibration: If enabled, the check box enables a dialog to
perform in situ calibration for calibrated Calcium and pH
measurements. As a prerequisite for in situ calibration you need to
treat your cells with agents which allow you to determine the minimum
(R(min) and the maximum R(max) response of the loaded dye. In the
case of Calcium measurements using Fura-2, e.g., this is frequently
done using lonomycine, a drug, which permeabilizes the cell
membrane followed by treatment with low and high calcium buffer.

o Move the cursor of the navigator tool to the part in the chart, which
shows minimum ratio:

e clickon | Player | to use the current cursor position as the time
point used for determining the minimum ratio of each ROI

e Repeat the same for R(max)
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e Clicking on opens a floating dialog Calibration editor
showing the calibration charts.

e Here you can select between Calcium Calibration or pH
Calibration. In the case of Calcium calibration the formula
according to Grynkiewicz et al. (Journal of Biological Chemistry,
Volume 260: 3440, 1985) is used. Here you can also modify the
kD, which has been calculated to be 224 nM at 1 mM Mg™ and
37°C.

e A viscosity correction factor typically between 0.7 and 0.85 has
been suggested to be used by M. Poenie (Cell Calcium Volume 11,
2-3, pp 85-91, 1990), which can be entered here as well. Setting
the value to 1 disables correction.

e In the case of pH calibration a simple linear interpolation is
performed using R(min) and R(max).

o OK closes the dialog and activates calibration.

» All measurements are done online, i.e., when the dialog first opens, all
calculations are done once. Tthe system then tries to update the
measurements on the fly upon changes to ROIs etc. For large time
series with many time points and/or many measurement regions,
calculation of all values for all time points can take several seconds. To
prevent the system from responding slowly, the calculation update is
interrupted after a few seconds so that not all values may be present.
In this case the charts may be incomplete which will be signified by a

pdate Dat
yellow signal O . Clicking on the button forces the

complete calculation which is symbolized by changing the signal color

toO.
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Options

You can choose between two methods of calculating the ratio image:
Standard and Confidence Mapping. Standard is active if the check box is
unchecked.

The second algorithm is called Confidence mapping. This method has
been suggested by Tsien and Harootunian (Tsien, R.Y., and Harootunian,
A.T. 1990. Practical design criteria for a dynamic ratio imaging system. Cell
Calcium 11: 93-109.) to prevent noise from influencing the ratio display
negatively. When dividing two small gray values by each other, fluctuations
in the gray value introduced by noise can result in quite large ratio values.
With this method each ratio pixel value is put in proportion to the brightness
of its original input pixels. This effectively introduces a bias for the display
of brighter and therefore more relevant pixels. Consequently dark pixels
become underrepresented in the result image reducing the displayed noise
in the image.

The calculation is done in two steps:

e Calculation of the Ratio

r(x,y) =Multiplier * M + Offset
ch2(x,y)

1

e Calculation of the confidence:

ch1(x,y)" ch2(x,y)
2 *ImageMaxVa lue

Confidence =

while ImageMaxValue is the brightest pixel present in the image.
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e The display can be explained by setting the Hue = LUT (Ratio) and
the Luminance = Confidence or as follows:

Red =Lut -red (Ratio) * Confidence(x,y)
Green =Lut - green (Ratio) * Confidence(x,y)
Blue =Lut -blue (Ratio) * Confidence(x,y)

» For confidence mapping it is not possible to directly enter a Ratio value
as annotation in the resulting ratio output image due to the dual
functionality required to calculate the ratio pixel appearance.

» In order to influence the displayed value range both Multiplier (range
between 0 and 10) and Offset values (value range of -1 to 1) can be
changed on the Channel Selection tab using the sliders or by directly
entering the values in the edit fields.

Information Color Ratio Image

The size and number of cycles of the resulting ratio image are displayed
here.

Tool bar

4 1o ol @
-h] ﬁmh M aD Akrhbs : The buttons on this toolbar

can be used to adjust the display (brightness, contrast, zoom etc.) of the
images or analyze individual pixels using the picker tool.

Using the other tools it is possible to draw in up to 20 regions, which will be
used for measurement. When you draw in several regions, the next color
from the color list is automatically assigned to each new region.

Allows you to click on and select measurement regions that have
already been drawn in to move them, enlarge them, delete them or change
their color.
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Used to draw in a rectangular measurement region. If the button
is not selected, the tool remains active and it is possible to draw in several
measurement regions one after the other.

@ Used to draw in a measurement region with a free form of your choice

(spline). If the button is not selected, the tool remains active and it is
possible to draw in several measurement regions one after the other.

Used to draw in an ellipse as a measurement region. If the button
is not selected, the tool remains active and it is possible to draw in several
measurement regions one after the other. If the Shift key is depressed
while drawing in the ellipse, a circular form is enforced.

Draws a circle. Starting point and end point of the drawing defines the
diameter making it easy to e.g. define a circle encompassing a complete
cell.

Lal When clicked, the last shape used for drawing a ROl is “remembered”
and drawn into the overlay by simple clicking. This allows the cloning of a
shape with ease. It works with all ROI tools except the free form spline tool.

This function can be disabled by selecting .

: Displays the measurement values instead of the charts. You can click
on an entry upon which the corresponding time point is selected in the time
series. These values can also be exported as a data list later. The data
table is set up as shown here, the “Channel 1” etc. is replaced by the actual
channel name as specified in the experiment. Also, the set up shown here
is only valid for the Ratio Dual Channel case. Especially in FRET
experiments, the Ratio column will contain the calculated FRET values.
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Index Row index

TimeStamp relative time

Markers Marker

R1_Channel1 mean density of region 1, channel 1
R1_Channel2 mean density of region 1, channel 2

R1 Ratio ratio value region 1, channel 1/ channel 2

R1_Channel1(-BG) background corrected mean density of region 1, channel 1

R1_Channel2(-BG) background corrected mean density of region 1, channel 2

R1_Ratio(-BG) background corrected ratio value region 1 channel 1/ channel 2
R2_Channel1 mean density of region 2, channel 1

R2_Channel2 mean density of region 2, channel 2

R2 Ratio ratio value region 2, channel 1/ channel 2

R2_Channel1(-BG) background corrected mean density of region 2, channel 1

R2_Channel2(-BG) background corrected mean density of region 2, channel 2

R2_Ratio(-BG) background corrected ratio value region 2, channel 1/ channel 2

etc... etc...

If no background correction is done, the background corrected value
column is omitted from the table. In the case of calibrated measurements
additional value columns will be present.

Clicking again on 2 hides the table and displays the measurement
charts again.

x Deletes all selected measurement regions.

Select all . .
Selects all available measurement regions.

& -
== Allows you to change the color for a measurement region.
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&
—

- ®
L
I
I
I

Custom .- : Via Custom... it is possible to add further colors to the list
from a color selection dialog.

F

Defines a selected measurement region as a background region. The
mean gray value from this region can, if desired, be automatically
subtracted from the measurement values of all other regions.

Markers

» Shows every event which has been transferred as a comment to the
ZV1 image during conversion. Clicking on an event moves the time
marker tool to the corresponding time point.

» The time format for the marker list can be changed by right-mouse
click in the header row of the list and selecting Properties:

Time Scale Settings

Time Scale Format

hh:mm:ss.msec v

Please select the desired time format (Seconds, Minutes, Hours or
the generic format hh:mm:ss:msec which is the default setting) from
the drop down list. You can also select the frame number.
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Charts

The charts can display 6 different measurement values for all drawn-in
measurement regions (this setting can be entered via a shortcut menu,
which is opened by right-clicking):

Mean gray value channel 1

Mean gray value channel 1 minus background
Mean gray value channel 2

Mean gray value channel 2 minus background
Ratio value

Ratio value minus background

» Chart settings: The three charts next to channel 1, 2 and ratio image
(two in the case of single channel experiments) can be configured by
right-clicking on a chart and selecting Properties upon which a Chart
Settings dialog is opened:

Chart Settings X
General | X fuis || Y fois

General

Title Reset
Time Range
Automatic Range Determination

Duration

Show

Title
Legend

OK ][ Cancel
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The Dialog is divided into three tabs which allow the configuration of
the chart parameters such as changing the default title, specifying a
specific value range for X- or Y-axis, displaying or hiding legend and
title or specifying tick marks. A Reset button resets the chart
configuration to its default setting.

Creation of output documents

» When all settings are made, clicking on OK will prompt the opening of
the following dialog

Create the following items @

Color Ratio Image
Ratio Table

Ovenview Chart

Chart Channel Fura 340
Chart Channel Fura 380
Ratio Chart

» Check all documents you want to be created as result of the
measurement. In most cases at least the Color Ratio Image as well as
the Ratio Table containing all measurement data will make sense to
keep.

» The data can be saved in the generic CSV file format or in an XML
format, which can be opened directly with Microsoft Excel (2003 edition
necessary). AxioVision has basic charting features for all data tables
which can be accessed via the Chart View button at the bottom of the
table.
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» The ratio image is a 24 Bit color image including all ROls as
annotation. Several annotations are available to help create informative
movies for presentation. The Ratio range can be displayed using the
LUT Scale annotation, both speed and event markers can be added as
well. All annotations can be found in the Annotation menu >
Frequent annotations.

» The resulting charts may be useful to quickly put together a
presentation of the data. They can be saved as EMF (enhanced meta
file) or WMF (Windows meta file) data. Both formats are vector based
so that they can be inserted in programs like Microsoft Powerpoint and
rescaled without loss of quality.

Clicking on OK closes the measurement dialog, the output documents are
created and displayed as unsaved documents in AxioVision.

Information for Physiology

This function opens a dialog window, where you can find in tabular form
important information in connection with the physiology experiment. The
information it contains bear always on the current experiment and will be
updated during each sequence of the experiment.

Show

In the drop-down list you can select, whether only an overview or all
available information are shown. To get more explanations to the existing
information, you can select an item. In the bottom area of the dialog you will
find more explanation.
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Information

In the Information Current Physiology Experiment dialog, various items
of information about the currently active Physiology experiment are shown,
i.e. expected image size, available hard disk space etc. These values do
not relate to open image documents or streaming files.

Show

Using the drop-down list box it is possible to select whether you want an
overview only (Reduced information) or all information (All information)
to be displayed. All parameters relating to the current experiment are
presented in list form. For further explanations on the meaning of the
entries, click on an entry. You will then see an explanation in the text box at
the bottom edge of the dialog.
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10. Image Processing Modules
10.1 Imaging Plus

General

As already described in chapter 5 "Image Processing", image processing
functions have a range of different tasks. Besides the "traditional" areas of
application of correction and optimization, which have already been
mentioned, there is also a third area: data extraction. Here, for example,
structures are highlighted in relation to the image background to make
them more visible, or objects are purposefully detected so that they can be
measured later.

The Imaging Plus module expands the image processing functions of the
basic program with the following functions and functional groups.

Image enhancement

Additional functions to enhance contrast, brightness and color, plus filters
for smoothing, sharpening and edge detection with user-definable filter
operators.

Edge detection with Sobel filter
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Gray morphology

The gray morphology functions enable you to reconstruct the boundaries of
connected objects.

Through the reconstruction of grain boundaries images are prepared for
automatic measurement.

Image arithmetics

AxioVision enables you to combine and compare images, as well as extract
information, by means of the image arithmetics functions in Imaging Plus.

Fourier transformation

Fourier transformation allows you to restore images by purposefully filtering
out defined frequencies.
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With Fourier transformation it is possible to purposefully remove (right)
sinusoidal super positioning (left), for example.

Color space transformation

Color discrimination enables you to separate object and image background
more effectively on the basis of color. This makes it possible e.g. to
distinguish better between individual classes of object.

Bright field image of a composite Heterochromatic super positioning of
material, contrasted with PtOx two different phases

Working with image processing functions

The principal working method for the functions of the Imaging Plus module
is described in chapter 5 "Image Processing".

The chapter also contains background information on the image processing
functions and storage, etc. We recommend that you work through this
chapter as a basis for applying the functions of the Imaging Plus module. A
description of the individual functions and their parameters can be found in
the online help.

The individual steps in the following examples can also be practiced using
the original images that were employed. The sample images are installed
in the AxioVision folder. By default this is the folder "C:\Program Files\Carl
Zeiss Vision\AxioVision\0009\Templates\images". If an image is not
present in that folder, please load it from the AxioVision Viewer CD.
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Reducing or enlarging images or image regions

The Resample function can be used to reduce or enlarge an entire image
or a freely selectable region of an image. The reduction or enlargement is
defined using a zoom factor (Scale). If only a region is being reduced or
enlarged, the center of the region (Shift) must be indicated.

The size of the resulting image can be adapted (ForceSizes = On),
depending on the scaling factors (Scale). You can, however, also
generate the resulting image in the size of the original image (ForceSizes
= Off).

It is also possible to take the influence of the scaled neighboring pixels into
account (Interpolation).

NOTES:

e If you simply want the entire image to be displayed in reduced or
enlarged form without a new image being generated, this is also
possible using the + Zoom and - Zoom functions from the image
window’s shortcut menu.

The following example explains step by step how to reduce an image or
enlarge a region of an image.

» Load the image "Bone-
fluorescence_3.zvi" via the
function File = Open Image,
or acquire an image with the
camera.

» The image is displayed in
AxioVision’s image window.

In the first example, the loaded image is to be reduced by the factor 0.5. In
the second example it is to be enlarged by the factor 2.
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Now select from the Processing menu the Utilities functional group and

then the Resample function.

» You will now see the dialog
window of the Resample
function.

» If the Automatic Preview
check box is activated, the
reduced input and output
images appear.

> Set CreateNew to Off so that

you can select the images
freely.

» Set the following values by

clicking on the arrow keys or
by entering the values directly:

ForceSizes=0n, ShiftX=0,
ShiftY=0, Shiftz=0,
ScaleX=0.5, ScaleY=0.5,
ScaleZ=1, Interpolation=
NearestNeighbour.

> Click on OK to close the
dialog.

B.:pesample

Iv Automatic Previev

EB Resample |

P

CreateM ew

Input
Output
ForceSizes

Bone-fluarescence_3. ...

Resamplelmage

On

[

™| Enable channel selection

Parameters

Shift a ML

Shifty’ a AL

ShifZ a e

Scalex ns 4| r

Scalesd 1 Ll L3

Interpalation MearestM eighbour ll

Subzet=(Ff

Subset | Reset |

Ok | Cancel | Apply |

A
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» The resulting image shows all
the structures of the original
image, but has been reduced
by the factor 0.5.

» The image size has been
adjusted accordingly, as
ForceSizes was set to On.

» Position the cursor over the

m Marmal Yiew (1:13
resulting image, press the %J
3

right-hand mouse button and Auto Zoom
select Normal View (1:1)
shortcut menu. Zoom Cuk 3

9\ + Zoofi

Zoom In

» Move the scroll bar to adjust
the desired area.

» Do the same with the original
image.

» Compare the two images. In
the normal view of the image
the difference can be clearly
seen.

Original image

Resulting image
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For the second example, again select from the Processing menu the
Utilities functional group and then the Resample function.

> You will now see the dialog X
WlndQW Of the Resample ¥ Zutomatic Preview %
function.
» If the Automatic Preview
check box is activated, the
reduced input image appears.
» Under Input select the O Resample |
original image again and Parameters
allocate a new image name CreateNen off -
under Output. Input Bone-fluolescence_S.E
Resamplelmage?
> Set the following values by ForceSizes On |
C“Cklng ,on the arrow keYS or ™ Enable channe! sslection
by entering the values directly:
ForceSizes=0ff, ShiftX=650,
ShiftY=515, Shiftz=0, Parameters
ScaleX=2, ScaleY=2, Shift: £50 |5
Scalez=1, Interpolation= shite 519 Q4
NearestNeighbour. Shifz 0 bl
Scalex 2 i|r
> Click on Apply to view the sl 2 : :
resultlng Image in the preV|eW. Interpolation MearestMeighbour I
» Click on OK to close the
dialog. Subset=0ff
Subzet | Reset |
0] 4 | Cancel | Apply |

4
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The resulting image shows only the top left quarter of the structures in the
original image. This region was defined by ShiftX and ShiftY.

» The region is now larger than
the original image by the
factor 2.

» The image size has been
retained, as ForceSizes was
set to Off.

» Position the cursor over the m Mormal View (1:13

resulting image, press the -
right-hand mouse button and Auta Zoom

select Normal View (1:1) Zoom In '
from the shortcut menu. Do Zoom Out v
the same with the original b+ Zoom

image.

» Compare the two images. In
the normal view of the image
the difference can be clearly
seen.
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NOTES:
¢ Adjust the display characteristic curve in the resulting image if
necessary.

Copying various regions from an image and generating
a new image

Often you will only want to further process a particular region (ROI) of an
image, or generate a composite image from various images or from regions
of various images.

Using the Copy Region function, you can copy a freely selectable region
from the original image into a new image. The starting coordinates in the
original and the resulting image (SourceStart, DestinationStart) and the
size of the region to be copied (Size) must be specified. If you are copying
one region only, the size of the resulting image can be adapted to the
region (ForceSizes = On). You can, however, also generate an image in
the size of the original (ForceSizes = Off).

To create a composite image from several images or image regions, you
need to define the overall image size (Size, ForceSizes = KeepMaxSize).
The individual images can then be copied into this image step by step.
During the copying of an individual image, the area outside the region to be
copied can be retained (ClearOutside = Off) or deleted (ClearOutside =
On) in the resulting image.

NOTES:

¢ If you simply want a region of an image to be copied, and a new image
to be generated from it, this process can also be performed using the
Select ROI/Copy ROI and Paste functions on the Edit menu.
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The following example explains step by step how to copy various regions

from one image into a new image.

» Load the image that you want
Load the image
"Tupaia_head_
section_overview.zvi" via File
= Open Image, or acquire an
image with the camera.

» The image is displayed in
AxioVision’s image window.

[H Tupaia_head_section_overview.zvi o [ ] 3

am , 0 , s um

|

um 2000

The image contains two histological sections through embryo heads. In the
first example, only one embryo head is to be copied into a new image. In
the second example, both embryo heads will be copied into a new image,

with as little background as possible.

Select from the Processing menu the Utilities functional group, and then

the Copy Region function.

10-10
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» You will now see the dialog
window of the Copy Region
function.

> If the Automatic Preview
check box is activated, the
reduced input image appears.

» Set CreateNew to Off, so that
you can select the images
freely.

» Set the following values by
clicking on the arrow keys, or

by entering the values directly:

ForceSizes=0n,
SourceStartX =100,
SourceStartY=120,
SourceStartZ=0,
DestinationStartX=0,
DestinationStartY=0,
DestinationStartZ=0,
SizeX=850, SizeY=780,
SizeZ=1, ClearOutside=0ff.

» Click on Apply to view the
resulting image in the preview.

> Click on OK to close the
dialog.

x4
Stop |

v Automatic Preview

% Copy Region |

Parameters
CreateMew Of LI
Input T upaia_head_section,;l
COutput CopyRegionlmage

On ll

™| Enable channel selection

Parameters
SourceStarty 100 1|r
SourceStarty’ 120 1|r
SourceStarty a 1
DestinationStart= 20 1|r
DestinationStarty 20 i|r
DestinationStarts a A
Sizex 250 1|r
SizeZ 1 L L
ClearDutside aft hd
Subset=Mf

AxioVision User's Guide, Release 4.7
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» In this example, only one
region (ROI) has been copied
into a new image. The
resulting image therefore
shows the first embryo head
only.

» The image size has been
adapted to the specified size of
850 x 780 pixels, as
ForceSizes was set to On.

For the second example, again select from the Processing menu the
Utilities functional group, and then the Copy Region function.
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» You will now see the dialog &, Copy Region
window of the Copy Region ¥ Automatic Preview
function.

> If the Automatic Preview A &I
check box is activated, the 5@? g
reduced input image appears. ey

» Select the original image again

% Copy Region |
under Ian‘It' Parameters
> Set the following values by Ceatellew o =
. . Tupala_head_sectlon,]
clicking on the arrow keys, or Dutput CopyFegionimags
by entering the values directly: ForceSizes ot ~|

ForceSizes=0ff,
SourceStartX =100,
SourceStartY=120,

| Eniable channel selection

SourceStartZ=0, S"a'a'“:‘e'; - o
. . _ ourceStar
DestinationStartX=0, SoeoStaty 1 —r
DestinationStartY=0, SourceStartZ 0 v
DestinationStartZ=0, DestinationStariy 20 |
SizeX:‘]OOO’ SizeY:800, Dest?nat?onStartY 20 4|r
Sizez=1, ClearOutside=0ff. DestinafianStarz 0 ab
Sizer 1000 L
4|k
» Click on Apply to view the Sie? 1 v
resulting image in the preview. Clearutside ot =
Subset=(0f
» Click on OK to close the
dialog.
» The resulting image then =10] x|

fo0n 2000 3000

shows the first embryo head in
the top left-hand corner.

» As ForceSizes was set to Off,
the image size corresponds to
that of the original. The rest of
the image is black.
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Again select from the Processing menu the Utilities functional group, and
then the Copy Region function.

> You will now see the dialog B} Copy Region
window of the Copy Reglon V' Automatic Preview
function.

> If the Automatic Preview
check box is activated, the
reduced input image appears.

pla

» Select the original image again

under Input. B oy Regn |
Parameters

> Set the following values by Createtew off |
clicking on the arrow keys, or Tupaia_head_sectir[__]
by entering the values directly: Output Lopyfegionimage
ForceSizeS:Oﬁ, ForceSizes ulij LI
SourceStartX =1 300, ™| Enable channel selection
SourceStartY=130,
SourceStartZ=0, Fre———
DestinationStartX=900, SourcsStarty 1300 4|»
DestinationStartY=0, SourceStay 120 .
DestinationStartZ=0, gw'_ces_ta'sz - gm : : :

H — H —_ estinationStarl .
S!Zex_goo’ SlzeY_1-000’ Destinations tarty 1] Ak
SizeZ=1, ClearOutside=0ff. Detinatior St . T

Sizex 900 LRI

» Click on Apply to view the 1000 .
resulting image in the preview. SizeZ 1 i
Cleardutside Qff |

» Click on OK to close the
dialog.
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> Both embryo heads are now

visible in the resulting image. ' R L teen

» As the image size has been
retained, the image is not
completely filled, and contains
some black regions. The next
step therefore involves cutting
out both embryo heads again
in full.

Again select from the Processing menu the Utilities functional group, and
then the Copy Region function.

» You will now see the dialog x|

WindOW Of the Copy Region ¥ Automatic Preview
function.

» If the Automatic Preview 2y
check box is activated, the =i
reduced input image appears. 2]

» Under Input select the
resulting image that has been
generated, and allocate a new

% Copy Region |

Parameters

. CreateMew off -
image name under Output. | : —
nput CopyRegionimage
> Set the following values by Duiput Tupaia_heads f
. . 3 b
clicking on the arrow keys, or .
by entering the values directly: I Enable chennel selection

ForceSizes=0n,
SourceStartX =0,

Parameters

SourceStal‘tY=0, S ourceStart a b
SourceStartZ=0, SourceStarty 0 M
DestinationStartX=0, SourceStartZ 0 g4
DestinationStartY=0 DestnionStartd |0 A
DestinationStartzZ=0, E:z::::z:igg E : :
SIZGX:1 750, SIZEY:800, Gz 1750 Al »
SizeZ=1, ClearOutside=0ff. o

. . Sized 1 4w ..

> Click on Apply to view the C:;"Dutside o =

resulting image in the preview.
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» The resulting image now
shows both embryo heads on
an area smaller than that of
the original image.

» The image size has been
adapted in accordance with
the values for SizeX and
SizeY, as ForceSizes was set
to On.

NOTES:
e Adjust the display characteristic curve in the resulting image if
necessary.

Working with individual color channels

Color images consist of the three superimposed black/white images of the
individual color channels red, green and blue. In many cases you will only
want to use an image processing function for a specific color channel. This
means that you have to split the image up into its individual channels.
These individual color channels appear as black/white images, and allow
you to carry out image processing procedures for the channels
independently of each other. A color image is created again by merging the
individual channels that have been processed.

NOTES:

e The HLS color space (Hue, Lightness, Saturation) is more suitable for
many image processing requirements. In the HLS model, the image
can also be split up into its individual channels. To do this, you must
first perform a conversion into the HLS color space using the Color
Model function.
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¢ Once you have split the image up into its individual channels using the
Split Channels function, each channel can be processed separately.
The individual channels are merged again using the Combine
Channels function. The combined image must then be converted back
into the RGB color space using the Color Model function.

The following example explains step by step how to split up a color image
into its individual color channels, and merge it again after processing a
channel.

» Load the image "Bone-
overview.zvi" via the function
File = Open Image, or
acquire an image with the
camera.

» The image is displayed in
AxioVision’s image window.
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Select from the Processing menu the Utilities functional group, and then
the Split Channels function.

» You will now see the dialog % Split Channels x|
xI:gt?c\)Arl'] Of the Spllt Channels V¥ Automatic Preview Stap |
> If the Automatic Preview
check box is activated, you will
see the reduced input image.
> Set CreateNew to Off, so that & Spit Channels |
you will be able to select the Poramators
input image (Input) freely later. CroateNow O -
Input Bone-overview zvi _I
» Under PixelFormat select Outputh RedCharrel
"8bit". Outputz GreenChannel
Outputl BlueChannel
> Click on Apply to view the PielFomat 8t =
resulting image in the preview.
» Click on OK to close the
dialog.
10-18 M 60-4-0004 e / printed 05.2008
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-0l

» The Split Channels function
splits up the color image into
the individual color channels
red, green and blue. The result
is a black/white image for each
channel.

| GreenChannel *
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Select from the Processing menu the Adjust functional group, and then
the Brightness/Contrast function.

> You will now see the dialog X
window of the

V¥ Automatic Preview

Brightness/Contrast function.

> If the Automatic Preview
check box is activated, you will
see the reduced input image.

> If you click on the IZI button in ¥ Brightness/Contrast |
the Input field, the image Parameters
gallery appears. Select the CreateNew aff hd
black/white image of the blue BlueChannel =
channel by C|iCking on it. Output BrightnessContrastimage

[~ | Enable channel selection

» Set the value -0.5 for
Brightness, the value 1 for

P
Contrast and the value 0.5 for arameters
i H Brightress 05 ol
Gamma by clicking on the oo 1 ok
veluce dicety, | T—

values directly.

» Click on Apply to view the
resulting image in the preview.

» Click on OK to close the
dialog.

» This increases the brightness
in the blue channel image.
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Select from the Processing menu the Utilities functional group, and then
the Combine Channels function.

> You will now see the dialog % Combine Channels X x|

window of the Combine W Automatic Freview o |
Channels function.

> If the Automatic Preview
check box is activated, you will
see the reduced input image.

> If you click on the E button in & Combine Channels |

the Input field, the image E——

gallery appears. Here select Createbew off >
the image in question by Inputf RedCharnel L
clicking on it. For InputR Inputs Grsertharmel [
select the black/white image of BueChamrel [

Output CombineChannelzlmage

the red channel, for InputG the PiselFormat b ~

black/white image of the green
channel, and for InputB the
enhanced image of the blue
channel.

» Under PixelFormat select
"24bit".

» Click on Apply to view the
resulting image in the preview.

» Click on OK to close the
dialog.

» In the resulting image the
brightness has been greatly
enhanced.
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NOTES:
¢ Adjust the display characteristic curve in the resulting image if
necessary.

Converting a color image into a black/white image

NOTES:
e More information about image format and bit depth can be found In
chapter 5 "Image Processing"- 5.1 "General".

If images are acquired using a digital camera, they will take the form,
depending on the camera, of 10 bit images (or 3x10 = 30 bit color images),
12 bit images (or 3x12 = 36 bit color images) or 14 bit images (or 3x14 = 42
bit color images). An analog camera, on the other hand, only produces
images with 8 bits (or 3x8 = 24 bit color images).

The gray value distribution of the image is displayed in the display
characteristic curve (View menu = Properties function = Display
property page). The number of bits that an image has can be seen from the
maximum gray value.

Bits Maximum gray value
8 256

10 1024

12 4096

14 16384

16 65536

As many programs work with 8 bit images only, or only distinguish between
8 and 16 bits, it is useful to be able to convert images into other bit formats.
The Convert Pixel Format function therefore also only distinguishes
between 8 and 16 bit black/white and 24 or 48 bit color images.
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As they have three color channels, color images always require three times
as much storage space as black/white images. A 16 bit image requires
greater storage space due to the increased gray value information it
contains. Often the color information is not required, or 8 bit gray value
information is sufficient. For this reason the Convert Pixel Format function
is suitable for converting a color image into a black/white image, or a 16 bit
image into an 8 bit image.

If you want the same image to be converted into various pixel formats, we
recommend that you work with the setting CreateNew = Off. This allows
you not only to select the input image, but also to overwrite or enter a new
name for the resulting image. Conversely, with CreateNew = On, a new
resulting image is always created automatically, starting from the input
image.

The following example explains step by step how to convert an image into
a different pixel format whilst continuing to use the same input image.

¥ Ca

» Load the image "Cut- =10l x|
Cerebellum(1300).zvi" via the = & g -
function File = Open Image, i
or acquire an image with the
camera.

» The image is displayed in
AxioVision’s image window.

> Position the cursor over the | ruter
image, press the right-hand E| View Annokations
mouse button, and select the
Properties function from the
shortcut menu. E| Flayer Panel

ZI Display Panel

Properties

B show bounding box
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» Click on the Display tab sheet,
where the image’s display
characteristic curve is shown.
This shows a gray value
distribution of 3 x 14 bits for
the red, green and blue color
channels.

&4 Properties ﬂ

{¥ Display | B AL || |I C | Info:Cat-Cereb... |

0
50 1.0

T

=]
=]
=]
o
]
@
g
i

Now select from the Processing menu the Utilities functional group, and

then the Convert Pixel Format function.

» You will now see the dialog
window of the Convert Pixel
Format function.

> If the Automatic Preview
check box is activated, the
reduced input image appears.

» Set CreateNew to Off, so that
a different conversion can be
executed using the same
image later.

» Under PixelFormat select
16bit.

» Click on Apply to view the
resulting image in the preview.

» Click on OK to close the
dialog.

B, Convert Pixel Format
[¥ Automatische Yorschau Stap |

x

% Converk Pixel Format |

Parameters

CreateMew Off LI
Input Cat-Cerebelum(1300].2vi _I
Output ConvertPiselFormati mage

PixelFormnat 166t =|

10-24

M 60-4-0004 e / printed 05.2008




Modules - Imaging Plus

» The original image has been
converted into a 16 bit
black/white image. The display
characteristic curve shows the
distribution of the gray values.

4 Properkties

1‘; Display i |||I C | Imfo: CornveertPi.. |

0 Laa J5kin 16383 .. |

Linear
—I—I Save |
0,50 1.00 1.00 Restore |
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Again select from the Processing menu the Utilities functional group, and
then the Convert Pixel Format function.

> You will again see the dialog x
W|nd0W Of the CO nvert PIX6‘| ¥ Automnatische Yorschau Stop

Format function.

» If you click on the _I button in
the Input field, the image
gallery appears. Select the

original image by clicking on it. By Convert Pixsl Format |
Parameters
CreateMNew atf LI
Input Cat-Cerebellum(1300). 2w E
Clutput CorvertPixelF armatimage
FixeFomat Bbit hd!
[Cat-Cerebell... | ConvertPixe. ..
O
» Under PixelFormat select
Il8bitll
» Click on Apply to view the
resulting image in the preview.
» The name of the resulting
image remains unchanged.
The image is overwritten.
» Click on OK to close the T
d|alog Teimenge | Reset
0K | Abbrechen | Ausfithren |

» The resulting image is an 8 bit
black/white image.
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» The display characteristic
curve of the resulting image
now shows the gray value
distribution of an 8 bit
black/white image.

By Prupertitk x|
1‘; Display | B A || |I C | Imfo: CornveertPi.. |
0 La 3 255 .|

Again select from the Processing menu the Utilities functional group, and

then the Convert Pixel Format function.

AxioVision User's Guide, Release 4.7
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Select the original image again x|
in the lnpUt field. ¥ Automatische Yarschau Stop |
» For Output, allocate a new
name, so that a new resulting
image is generated.
» If you click on the _I button in
the Input field, the image R Convert Pixel Format |
gallery appears. Select the b 5
.. . . . . drameters
original image by clicking on it. Crontolion o =
CatCerebelum(1300)2vi [}
Dlutput 24hitEild
PivelFormat 24bit hd
0 [Cat-Cerehell... | [ 24bitBild
» Under PixelFormat select
"24bit".
» Click on Apply to view the
resulting image in the preview.
» Click on OK to close the
dialog.
Telmenge=fus
Teilmenge | Reset |
ag | Abbrechen | Ausfiihren |
4
10-28
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» The resulting image is a 24
(3x8) bit color image.

» The display characteristic
curve of the resulting image
shows the gray value
distribution of the individual
color channels.

(=] 24bitBild *

AxioVision User's Guide, Release 4.7
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10.2 Insided4D (BD View)

With Inside4D you can display the z-stack fluorescence images you have
generated using AxioVision in three dimensions. The Z-stack images have
to be black & white (acquired with a monochrome camera), can consist of
up to 32 channels and can also be a time lapse series.

To display the third dimension on a two-dimensional medium such as a
monitor, the data are projected into a virtual space. The impression of three
dimensions can be created either by setting reference points (e.g. a
shadow) or by animating the view. A three-dimensional display can be
particularly effective for image stacks that have been processed using the
Deconvolution module, acquired using the ApoTome module or acquired
using a Confocal Laser Scanning Microscope (LSM).

It is also possible to include time (from time lapse images) in each display
as a fourth dimension (simultaneous animation of 3D projection and
playback of time sequence).

Note:
¢ Switching between 2D and 3D View is best done using the buttons

| 2D Wiew | ang [ 30 Yiew | at the lower edge of the image.

Additional buttons

I“ ey I activates the Shadow rendering mode

Ii‘f‘ I e I activates the Transparency rendering mode
l"'.‘ e I activates the Surface rendering mode

IJ S I activates the Maximum rendering mode

|@  Miced

I activates the Mixed rendering mode
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Clicking on the lmij button opens the Inside4D Settings
dialog. Here detailed settings for the selected rendering modes can be
specified. Also creation of a rendered animation series is started from
here (see Series property page).

The MJ button creates a new unsaved 2D image of the
currently displayed rendering.

]

Using the Frecise  Fast gjiger, you can reduce the complexity of the
image data used for the calculation. The speed of the calculation
increases as the complexity of the data decreases. This applies to all
display modes, although the slider has different effects (hnumber of
pixels, textures, triangles etc.) depending on the mode in question.
Even more flexible settings can be made on the View property page.

A progress bar appears during the rendering procedure. If the
calculation is taking too long, you can interrupt the procedure by

Abork

clicking on the [ button.

Clipping buttons: I o ” K “ iz J: With these buttons one can
introduce three so called Clipping planes into the volume. Clipping
planes can cut the volume open to unveil structures inside the volume.
The labeling of the buttons indicates the clipping planes default
orientation.

if the orientation of a clipping plane has been changed (see detailed
description of the clipping plane options in the Clipping tab of the
Settings dialog) the default orientation can be regained by using the

l Default

I button

[ Hide Volume

if checked this option hides the volume data. This
feature enhances the effect of displaying textures mapped onto
Clipping planes.
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>

D-Gallery View

I: This button is active in Surface mode only (method
Variable detail (graphics card) and can be used for multichannel z-
stacks to display the rendering of individual channels as well as the
merge of all channels. All manipulation options for the volume are
available as in normal 3D view.

Control elements in the window

The standard view when you first switch into 3D view is a front view in the
Transparency mode (graphics card accelerated mode).

>

You can use the wheels gl to zoom in and out of the

I i |
view ‘and/or to rotate the view around the x = * ‘ y 3 and z

o .

axes

The mouse function for direct interaction with the image volume can be
configured using the five buttons at the center of the left-hand image
edge

e The M button allows the selection of measurement tools present
in the volume. As long as the mouse cursor is not in the vicinity of

an endpoint of a measurement tool the cursor symbol ® is
shown. If the cursor moves into the vicinity of an endpoint the

PN
cursor shape changes into i .

e The now selected endpoint is displayed in yellow and can be
moved by keeping the left mouse button clicked down and moving
the mouse to a new position within the volume. This action also
updates the measurement values.
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e Ifiin this mode it is possible to temporarily switch into the default

mode ﬁl by keeping the Ctrl+Shift keys depressed. This permits
the quick reorientation of the volume during interactive
measurements. If released the cursor resumes the selection
shape.

o Ifthe ﬁl button is selected, you can rotate the image volume
freely by depressing the left mouse button

e The EI button allows you, with the left mouse button depressed,
to zoom into the image by moving the mouse in an upward
direction, or to zoom out of the image by moving the mouse in a
downward direction

o Ifthe ﬁl button is depressed, you can move the image volume
laterally, e.g. to make certain structures visible when in zoom
mode. You can also activate this function temporarily by pressing
the Ctrl key followed by the left mouse button

o With the @ button selected changes the function of the left
mouse button into a fly mode. By depressing the left mouse button
you can fly into and through the sample. Moving the mouse at the
same time changes the flight path. Alternatively the fly mode can
also be invoked by pressing the mouse wheel key.

Note:

e The M and @ button and the associated functionality is only
available for graphics card accelerated rendering modes.

AxioVision User's Guide, Release 4.7 10-33



Modules - Inside4D (3D View)

There are six additional buttons at the lower edge of the image

» You can use the @I button at the lower edge of the image to apply a
frame to your image stack,

> ...the LI button to show the x, y and z axes (x=red, y=blue,
z=green) or ...

e

» ... inthe case of scaled data, the J button to add a scale. These
functions help you to get oriented inside the virtual space. If you move
the mouse pointer above one of these buttons, a tool tip will be
displayed explaining the function.

[x]
> The EI button hides measurement shapes drawn into the volume
(Only available in graphics card accelerated rendering modes)

> Theaﬁb

_— I button returns you to the default front view at any time from
within the selected viewing mode. This resets all positions including
Shift, Zoom or Flight so that the complete image content is visible in the
image frame.

» The ﬂ button allows you to touch the object using your mouse and
set it into continuous motion ("animation’). This significantly improves
the impression of three dimensions.

Note:

¢ In animation mode a view is re-rendered for each projection. In the case
of large image stacks (more than 20 MB) a powerful computer with a
good graphics card is required to guarantee smooth animation.
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If you have loaded a time lapse image the player bar appears at the bottom
edge of the window. You can then play back the time lapse sequence.
However, the player does not wait for the rendering of the scene to be
completed before moving on to the next instant. That's why you should

select a slower time setting for rendering using the button. This opens
the Player interval dialog window:

[El Player interval

Delay: 50 ms

Zancel

In the Delay field enter the desired time in milliseconds and click

The viewing modes Shadow, Transparency,
Surface, Mixed and Maximum

> l"“ Shadow : In the Shadow mode the structures in the image are
illuminated by a virtual light source. The volume is viewed as if looking
through the eyepieces of the microscope and the light source projects
a shadow onto a background plane. This gives the data a reference in
space, making visualization much easier. The rendering effect itself
consists of a combination of light reflection and opacity (degree of
transparency). The display in this mode is only calculated by the main
processor (CPU) of the computer (Voxel mode).

AT

> L= Transparency I: In the Transparency mode a three-dimensional
image with a transparent effect is calculated. At least two two-
dimensional texture stacks (computed from two different angles) are
used depending on the volume orientation (only for the graphics card
accelerated rendering mode).
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In contrast to the Shadow mode the scene here is illuminated by
diffuse white light from the rear. By changing the available parameters
one can mix different channels and reveal relationships between
information in those channels. This view is particularly useful for
visualizing the three-dimensional relationships between structures
within the volume. This mode can be displayed both in CPU based
Voxel mode and also (with the help of a suitable graphics card) with
accelerated calculations in so-called OpenGL mode.

™
Iv Surface I; In the Surface mode grey values in the image are

computed as solid surfaces (also known as Isosurfaces) instead of
soft transparent shades. This display mode is useful to focus the
attention on certain structures (e.g plant cell walls, nucleoli, intracellular
vesicles) while potentially hiding additional structures deeper within. In
this mode you also can select between Voxel- (CPU) and OpenGL-
(graphics card) display.

[P Maximum I: Clicking on this button switches to Maximum

projection mode, which calculates a three-dimensional view of the data
by only showing pixels of the highest intensity along the projection axis.
This view is particularly useful for displaying three-dimensional images
in two dimensions, e.g. in publications, and guarantees a maximum
possible degree of transparency. The display in this mode can be
calculated by the main processor (CPU) of the computer (Voxel mode)
or the graphics card in OpenGL mode.

I@ — J: In Mixed mode both transparency and surface

modes can be mixed in one volume display. Using this mode one can
render small structures within cells such as vesicles or speckles (e.g.
FISH signals) as surfaces in one channel of a multichannel image while
rendering the surrounding cytoplasm from another channel in
transparency mode. This way one can also visualize more complex
relationships convincingly.
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Settings for the viewing modes

In the Inside4D Settings dialog you can adjust settings, which influence
the 3D view, on the property pages Data, lllumination, Series, View, Info,
Clipping, Measure, Stereo and Special. You can also create animations
as image series (required for movie export) as well as perform simple
interactive measurements.

Settings you have made and want to keep can be saved independent of
the image and applied to other image stacks. On the Data property page

click on lﬂ button in the Settings field. Now you can name the
settings file, to which a *.zv3 ending will be attached. In this setting file all
settings you can change in Inside4D will be included. This function is
particularly important if you want to observe images of samples under
identical conditions, to allow comparison.

Depending on the chosen Rendering method the settings you can change
will be different for the Data, Illumination and View property pages. In the
following chapters each property page will be explained separately for each
rendering mode.

Data property page

On the Data property page, select the threshold starting at which individual
pixels will be used for the calculation. All pixel values that are not being
used are hidden and interpreted as background. Once you have specified
the pixels to be used, define the surface composition of the objects.
Different parameters are available for this purpose in the individual modes.
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Settings

These functions are identical for all render modes.

» The l&] button loads a previously saved *.zv3 settings and
applies it to the z stacks.

> saves the settings you made, independently from the

image, so they can be used for other z-stacks. Now you can name the
settings file, to which a *.zv3 ending will be attached. All parameters
are included in the setting file. This function is particularly important if
you want to observe images of samples under identical conditions, to
allow comparison.

» The WJ button saves the current setting as default setting,
which will be used by all followed images.

» The lﬂ] button restores the default state.

Note:
e You can create a new image from any current view by clicking on the

l@] button on the right side of your image.
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Shadow mocde

Data

>

Channels: The settings are entered separately for each channel using
sliders or by entering a numerical value in the corresponding input field.
To select a channel click on the corresponding button (labeled with the

channel color, e.g. ).

Threshold specifies a lower threshold as a percentage of the gray
values displayed. This decides which data enter the rendered image. If
one fluorescence channel contains a homogeneous fluorescence
signal with high signal strength, one would set the threshold higher in
order to "protect” signals from weaker channels from being quenched.

Ramp controls the degree of the transition from completely transparent
to completely opaque.

Maximum influences the degree of opacity.

The settings are combined into a histogram The x axis
corresponds to the gray values and the y axis to the degree of opacity.
You can also use the mouse to interact with the histogram curve.

Roughness: You can also influence the roughness used to display the
surface of the image structures. This changes the plasticity of the
display (relative scale between 0 and 1). This setting quickly can
produce artifacts if pixels reach saturation. The degree of roughness
should be reduced accordingly.
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Transparency mode

Data

>

Channels: The settings are entered separately for each channel using
sliders or by entering a numerical value in the corresponding input field.
To select a channel click on the corresponding button (labeled with the

channel color, e.g. ).

Threshold specifies a lower threshold as a percentage of the gray
values displayed (relative scale between 0 and 1). This decides which
data enter the rendered image.

Ramp controls the degree of the transition from completely transparent
to completely opaque (relative scale between 0 and 1).

Maximum influences the degree of opacity (relative scale between 0
and 1).

The parameters are schematically illustrated in a histogram The
x axis represents the gray values and the y axis the transparency. You
can also use the mouse to interact with the histogram curve.

Gamma: With this slider the transparency effect can be further
enhanced in a channel specific manner (relative scale between 0 and
1). This parameter influences all pixel gray values in the same way in
contrast to the Ramp and Maximum settings.
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Global

>

Angle: If you select the Texture (graphics card) method in the
Special property page, you can change the projection angle used to
view the scene anywhere between 0.1° and 89.9°. Use the slider or
enter the Angle into the input field. The effect of this on the display
perspective is similar as if you were viewing the 3D image through a
telephoto or wide-angle lens.

If the Voxel (computer) method is selected in the Special property
page, this adjustment cannot be done.

Surface mode

Data

>

Channels: The settings are entered separately for each channel using
sliders or by entering a numerical value in the corresponding input field.
To select a channel click on the corresponding button (labeled with the

channel color, e.g. ).

Threshold: Sets the gray value threshold on a relative scale between 0
and 1 at which a pixel will belong to the object.

Ambient: describes a diffuse, non-directed light source, which lets both
bright and dark structures appear darker or brighter in an equal fashion
(values on a scale between 0 and 1).

Specular: sets a directional brightness (values on a scale between 0
and 1). Influences the differences between dark and bright structures,
which are strongest at a value of 0.

Shininess changes the surface gloss (on a scale between 0 and 1).
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Global

>

Angle: If you select the Texture (graphics card) method in the
Special property page, you can change the projection angle used to
view the scene anywhere between 10° and 80°. Use the slider or enter
the Angle into the input field. The effect of this on the display
perspective is similar as if you were viewing the 3D image through a
telephoto or wide-angle lens.

» If the Voxel (computer) method is selected in the Special property
page, this adjustment cannot be done.
Note:

If the render method Maximum detail (graphics card) is selected on the
View property page AND on the Special property page the option
Transparent surfaces is selected, the Data property page shows the
slider Transparency. Using this slider one can assign an additional
transparency effect to the surfaces of a channel.

Maximum mode

Data

>

Channels: The settings are entered separately for each channel using
sliders or by entering a numerical value in the corresponding input field.
To select a channel click on the corresponding button (labeled with the

channel color, e.g. ).

Threshold: In the Threshold area, you can use the slider or value field
to set an upper and a lower threshold. Values smaller than the lower
threshold value, or greater than the upper threshold value, are not
considered in the rendered stack. This setting option is particularly
useful for the rendering of multichannel image stacks.
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Note:

¢ Please note, that the setting for upper threshold is only available for the
CPU method Voxel (computer) (View property page - Mode Maximum
- Method Voxel).

Global

» Angle: If you select the Texture (graphics card) method in the
Special property page, you can change the projection angle used to
view the scene anywhere between 10° and 80°. Use the slider or enter
the Angle into the input field. The effect of this on the display
perspective is similar as if you were viewing the 3D image through a
telephoto or wide-angle lens.

> If the Voxel (computer) method is selected in the Special property
page, this adjustment cannot be done.

Mixed mode

Data

In the Mixed mode a volume can be displayed both in surface and
transparency mode. For this is it necessary to define settings for both
methods separately for each channel. To accommodate this the Data page
has been subdivided in two halves.

» Channels: The settings are entered separately for each channel using
sliders or by entering a numerical value in the corresponding input field.
To select a channel click on the corresponding button (labeled with the

channel color, e.g. ). All changes you make are only applied to the
selected channel.
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» Transparency: if checked, the selected channel is shown in
Transparency mode.

Threshold specifies a lower threshold as a percentage of the gray
values displayed (relative scale between 0 and 1). This decides
which data enter the rendered image.

Ramp controls the degree of the transition from completely
transparent to completely opaque (relative scale between 0 and 1).

Maximum influences the degree of opacity (relative scale between
0 and 1).

The parameters are schematically illustrated in a histogram
The x axis represents the gray values and the y axis the
transparency. You can also use the mouse to interact with the
histogram curve.

Gamma: With this slider the transparency effect can be further
enhanced in a channel specific manner (relative scale between 0
and 1). This parameter influences all pixel gray values in the same
way in contrast to the Ramp and Maximum settings.

> Surface: if checked, the selected channel is shown in Surface mode.

Threshold: Sets the gray value threshold on a relative scale
between 0 and 1 at which a pixel will belong to the object.

Ambient: describes a diffuse, non-directed light source, which lets
both bright and dark structures appear darker or brighter in an
equal fashion (values on a scale between 0 and 1).

Specular: sets a directional brightness (values on a scale between
0 and 1). Influences the differences between dark and bright
structures, which are strongest at a value of 0.

Shininess changes the surface gloss (on a scale between 0 - 1).
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Global

» Angle: If you select the Texture (graphics card) method in the
Special property page, you can change the projection angle used to
view the scene anywhere between 10° and 80°. Use the slider or enter
the Angle into the input field. The effect of this on the display
perspective is similar as if you were viewing the 3D image through a
telephoto or wide-angle lens.

Note:
e The Mixed Mode is only available as a graphics card accelerated mode
and not as CPU only mode.

lHHlumination property page

With the settings made on this property page you influence the light
sources, that illuminate the volume as well as the background color. The
settings available on Illumination are different for each render mode and
are therefore explained separately. In contrast to the settings on Data
property page all illumination settings act on all channels at the same time.

Settings

These functions are identical for all render modes.

> The lLJ button loads a previously saved *.zv3 settings and
applies it to the z stacks.
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> saves the settings you made, independently from the

image, so they can be used for other z-stacks. Now you can name the
settings file, to which a *.zv3 ending will be attached. All setting

options, with the exception of the lateral position (ﬂ), are taken into
consideration. This function is particularly important if you want to
observe images of samples under identical conditions, to allow
comparison.

» The M button saves the current setting as default setting,
which will be used by all followed images.

> The ﬂl button restores the default state.

Background

Functions for changing the background color are available in the same
fashion for all render modes.

» Clicking on the [hooss color, button opens a window that allows

you to select the background color.

e You can either select the background color from 8 standard colors
or create your own colors. In the drop down list field click on the

option and select colors from the palette.

e You can also enter color values manually in the value fields.

Clicking on the I Addto Custom Colors button adds

the newly selected color to the selected field for user-defined
colors.

e To use a user-defined color click on the corresponding color field
("Basic Colors" or "Custom Colors") and confirm by clicking
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Shadow mocde

>

Brightness can be controlled via input field or slider bar (value range
0.2 —4). Fluorescence data usually profit from brightness values > 1.6

when viewed in pseudo color mode ( button in the Player
panel).

Azimuth describes the angle of the light source above the virtual
horizon and can be set by entering values directly or by slider (value
range 0°-90°)

Elongation describes the horizontal direction of lighting and can be set
by entering values directly or by slider (value range -180° to +180°)

You can change the settings also by moving the small circle with the

mouse @ The position of the light source is represented by the
small circle inside the large circle.

Transparency mocde

>

Brightness can be controlled via input field or slider bar (value range
0.2 to 4). Fluorescence data usually profit from brightness values > 1.6

when viewed in pseudo color mode ( button in the Player

Panel).

Surface mode

>

Distance (value range 0.1 — 9-5) determines the distance between
light source and volume. At a value of 0.1 the light source is close by,
shadow effects etc. are minimal. The further away the light source, the
more prominent the shadow effects become (“evening shadows are
longer”).

AxioVision User's Guide, Release 4.7 10-47



Modules - Inside4D (3D View)

Azimuth describes the angle of the light source above the virtual
horizon and can be set by entering values directly or by slider (value
range 0°-90°)

Elongation describes the horizontal direction of lighting and can be set
by entering values directly or by slider (value range -180° to +180°)

You can change the settings also by moving the small circle with the

mouse @ The position of the light source is represented by the
small circle inside the large circle.

Maximum mocde

>

Brightness: Control the brightness of the display using the slider or
input field (value range 0.1 to 4). With multichannel images, screen
saturation quickly occurs in mixed color mode. If this happens, reduce
the overall brightness.

Mixed mode

>

Brightness can be controlled via input field or slider bar (value range
0.2 to 4). Fluorescence data usually profit from brightness values > 1.6

when viewed in pseudo color mode ( button in the Player

Panel).

Distance (value range 0.1 — 9-5) determines the distance between
light source and volume. At a value of 0.1 the light source is close by,
shadow effects etc. are minimal. The further away the light source, the
more prominent the shadow effects become (“evening shadows are
longer”).

Azimuth describes the angle of the light source above the virtual
horizon and can be set by entering values directly or by slider (value
range 0°-90°)
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» Elongation describes the horizontal direction of lighting and can be set
by entering values directly or by slider (value range -180° to +180°)

» You can change the settings also by moving the small circle with the

mouse @ The position of the light source is represented by the
small circle inside the large circle.

Series property page

Once you have decided on a viewing mode and entered your settings, you
can have your view calculated as a series of individual images.

Note:
e This property page is always identical for the Shadow, Transparency,
Surface, Maximum and Mixed modes.

Whereas the EI button (see Control elements in the window)
produces a live animation, which requires each image to be re-calculated
for display, here you can have a series of individual images calculated to
represent the animation you would like.

Depending on the image size, the display of an image series like this can
be much faster and smoother than a "live" animation, as the views no
longer have to be re-rendered. This type of image series can also be
exported as a film in Video for Windows (AVI) or QuickTime -format (MOV)
with excellent results. However, you can also export an image series into
other file formats as a series of individual images.

The settings you make here define the parameters to be used to perform
the animation. A minimum required entry is the definition of a start angle as
well as an end angle.
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Series

» Series: In this drop-down list box you have the choice between five
different options: X-Axis, Y-Axis, Z-Axis. With these first three options
you can create the series using a fixed axis (x,y,z), around which the
animation turns. If you select one of these options, three sliders
appear.

» Views: This slider specifies the number of images you want to be
included in the animation. The greater the number of images you enter,
the smoother the display will be. However, the resulting image will also
increase in size accordingly. The value range of the slider extends from
1-1000 images. However, you may also enter a higher value in the
value field (up to 9999).

» Start Angle / End Angle: These two sliders can be used to specify the
start angle and end angle. Here you can make a selection between -
360° and +360°. Frequently entering a small range such as -35° to
+35° will already give impressive results, smooth "tumbling" without the
need for large number of views.

> Alternatively, you can also save any views of the object in the space as
positions in a position list and generate an animation with changing
rotation axes and/or zoom factors. To do this, select in the drop-down
list box Series the Position List option. This opens another drop-down
list box.

e Clicking on the [LJ button adds the current position with
the values for x, y, z and d (for zoom factor). A position also
incorporates a lateral shift as well as the position of the time player
(when rendering time series), both parameters are not shown in the

list though. The I Gl J button is also available on the
right hand side directly next to the rendering window.

¢ Now change the orientation of the object in the image window as
required and save the new position.
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e You can delete one or more positions by clicking le or

delete all positions by clicking on Renocsl . A double click on a

position entry will invoke this setting on the image.

» If you have created a time lapse image, you can generate a time lapse
series of the 3D view you have just selected by choosing the Time
Series option from the drop down list. Please be aware, that it might be
better in many cases to use the position list option instead in order to
combine both spatial and temporal changes in the render series. This
will enhance the 3D effect on 4D movies.

» If you want to generate a series using the settings you have made on
the Data and lllumination property pages, select the Use Settings or
Without Settings function from the drop-down list box at the bottom
edge of the position list. Using this feature you can make one channel
disappear by setting the threshold to 100%. Using this technique you
can demonstrate structures otherwise hidden behind dominant signals
from other channels.

» You always generate the series by clicking on I Create Series I

The result is a new image that corresponds to a time lapse image in
terms of its operation (player bar). Additionally, you may start and stop

a preview of your render series by clicking on the buttons on

the right hand side directly next to the rendering window. This preview
uses the number of views that are adjusted by the views slider but
excludes some options and details of the final render series (e.g.
clipping planes) to enable a fast preview.

The new image series document can be saved as a ZVI-image or exported
in another format, such as Video for Windows (AVI).
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Notes:

It can take up to several minutes to calculate complex image series with
large numbers of images and/or positions.

In uncompressed form, complex series can become extremely large.
This can make it difficult to import them into e.g. Microsoft PowerPoint™
for a presentation. It is therefore recommended that you compress the
AVI or QuickTime files during export (for help on this subject, see the
Export help topic).

Settings

> The l&] button loads a previously saved *.zv3 settings

including stored position lists and applies it to the z stacks.

lm saves the settings including positions you made

independent from the image, so they can be used for other z-stacks.
Now you can name the settings file, to which an *.zv3 extension will be
attached. All setting options are applied. This function is particularly
important if you want to observe images of samples under identical
conditions, to allow comparison.

The WJ button saves the current setting as default setting,
which will be used by all followed images.

» The lﬂ] button restores the default state.
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View property page

On this page, you can choose amongst the following viewing parameters:
geometric parameters, volume resolution as well as settings influencing the
rendering method.

Shadow mode

Geometry

» Angles (x,y,z): shows the current orientation of the volume in degrees
(-180 to 180) with respect to the main axis (x, y, z). You can also define
an angle by entering a desired value in the edit fields.

» Center (X,y,2): describes the relative position of the rotation center to
the center of the 3D stack. This translates into a lateral shift of the
volume and is best defined by the ﬁ tool. The values are given in
units of volume diagonals (X, y, z): the diagonal is set to 1. For the
home position all values equal 0

» Zoom: defines the magnification factor (value range 0-1000).

Note:
e Stretch Z is not active in Shadow mode.

Resolution

» Reduction XY / Reduction Z: In this field, for shadow mode you can
reduce the number of pixels used for the volume rendering step by step
in both the lateral (x,y) and axial (z) direction (subsampling). In some
cases this can significantly reduce the time for the calculation.
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e To do this, move the corresponding slider, or enter the desired
value in the edit field. A reduction value of 2 (x,y) combines 2 pixels
in the x and y directions, reducing the data volume by a factor of
four. A value of 2 for z combines two z-planes in one single plane,
reducing the data volume by half.

e The more you reduce the data, however, the smaller the benefits in
terms of speed. As a rule, a reduction of 2-3 is sufficient for a
smooth display.

e To get the optimum effect you can also adjust these settings on the
Info property page. There the performance measurements give a
direct feedback on the speed improvement.

Rendering Mode

>

Here you can also switch between the different modes (using the drop-
down list box). In the OpenGL accelerated modes, here you can also
change the rendering method being used (using the drop-down list
box).

Method: As in shadow mode only the computer’s processor (“CPU
method”) is used, the Method drop-down list box remains inactive.

Shadow [“]. hides the shadow if unchecked

Distance: regulates the distance between shadow and volume using
the slider or entering the desired value in the edit field (value range 0.5
to 3)

Use Depth Coding: activates a depth coding in the z-dimension that
ranges from blue over green, orange and yellow to red. Depth Coding
effects only the rendering modes Maximum, Transparency and
transparent parts of the Mixed mode.
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» Draw Depth Coding Scale: draws a color coded scaling below the
rendered image. This option is only available for the Transparency
rendering mode of the CPU method Voxel (computer)

Note:
e Stretch Z is not active in Shadow mode

Measure

Here you can find some options of the module 3D Measurements. These
functions are described in another section.

Transparency mode

Geometry

» Angles (x,y,z): shows the current orientation of the volume in degrees
(-180 to 180) with respect to the main axis (x, y, z). You can also define
an angle by entering a desired value in the edit fields.

» Center (x,y,z): describes the relative position of the rotation center to
the center of the 3D stack. This translates into a lateral shift of the

&

volume and is best defined by the °_ tool. The values are given in
units of volume diagonals (x, y, z): the diagonal is set to 1. For the
home position all values equal 0.

» Zoom: defines the magnification factor (value range 0-1000).

» Stretch Z stretches the volume display in axial (z) direction. Entering
values >1 (value range 0-20) increased the height of flat structures.

Note:
e Stretch Z is only active for the graphic card method
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Resolution

» Reduction (xy) / Reduction (z): For Transparency mode you can
reduce the number of pixels used for the calculation step by step in
both the lateral (x,y) and axial (z) directions (subsampling). In some
cases this can significantly reduce the duration of the calculation.

e To do this, move the corresponding slider, or enter the desired
value in the input field. A reduction value of 2 for x,y, for example,
combines 2 pixels in the x and y directions, reducing the data
volume by a factor of 4. A value of 2 for z combines two z-planes in
one single plane, reducing the data volume by half.

e The more you reduce the data, however, the smaller the benefits in
terms of speed. As a rule, a reduction of 2-3 is sufficient for a
smooth display.

e You can also adjust the resolution on the Info property page where
you can see the performance values of the rendering directly.

e The ability of the graphics card to hold all texture planes in its
memory is a key factor in determining whether the image stack can
be rendered smoothly (animation mode!) with the Texture
(graphics card) method. You should therefore set the sliders in
such a way that in the info field on the Info property page, the
value "Nr. Texture planes = all" is displayed.

Rendering Mode

» Here you can also switch between the different modes (using the drop-
down list box). In the OpenGL accelerated modes, here you can also
change the rendering method being used (using the drop-down list
box).

» Method: In the Transparency mode, the two options Voxel (computer)
and Texture (graphics card) are available.
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e With the Voxel (computer) method, rendering is performed using
the main processor only, without OpenGL support; the model that
forms the basis for the calculation is also less complex. As a result,
this method is usually faster on slow computers with small graphics
cards. The results, however, are also of reduced quality.

e The more complex method Texture (graphics card) gives the 3D
images surface structures, so-called textures, which are in turn
constructed from individual elements (texels). The fewer elements
required, the faster the rendering speed (images/s).

Surface mode

Geometry

» Angles (x,y,z): shows the current orientation of the volume in degrees
(-180 to 180) with respect to the main axis (x, y, z). You can also define
an angle by entering a desired value in the edit fields.

» Center (X,y,2): describes the relative position of the rotation center to
the center of the 3D stack. This translates into a lateral shift of the

i

volume and is best defined by the " tool. The values are given in
units of volume diagonals (X, y, z): the diagonal is set to 1. For the
home position all values equal 0

» Zoom: defines the magnification factor (value range 0-1000).

» Stretch Z stretches the volume display in axial (z) direction. Entering
values >1 (value range 0-20) increased the height of flat structures.

Note:
e Stretch Z is only active for the graphic card method.
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Resolution

» Reduction (xy) / Reduction (z): For Surface mode you can reduce the
number of pixels used for the calculation step by step in both the lateral
(x,y) and axial (z) directions (subsampling). In some cases this can
significantly reduce the duration of the calculation.

To do this, move the corresponding slider, or enter the desired
value in the input field. A reduction value of 2 for x,y, for example,
combines 2 pixels in the x and y directions, reducing the data
volume by a factor of 4. A value of 2 for z combines two z-planes in
one single plane, reducing the data volume by half.

The more you reduce the data, however, the smaller the benefits in
terms of speed. As a rule, a reduction of 2-3 is sufficient for a
smooth display.

You can also adjust the resolution on the Info property page where
you can see the performance values of the rendering directly.

In Surface mode, here you can also determine the maximum
number of triangles used for calculation. The fewer triangles used
by the model, the higher the rendering speed. At the same time,
this also reduces the level of detail.

The more you reduce the data, however, the smaller the benefits in
terms of speed. As a rule, a reduction of 2-3 in the x,y and z
directions is sufficient for a smooth display. The number of
triangles should not be less than 5000, as otherwise the quality of
the resolution is insufficient. To achieve the same quality in the
Variable detail (graphics card) mode as in the Maximum detail
(graphics card) mode, the maximum number of triangles must be
set, depending on the image data, to several million (entry of
figures in the value field).
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Rendering Mode

» Using the drop-down list box you can switch between the modes. In the
Open GL accelerated modes you can in addition change the render
method used (drop down list box).

» Method: Three methods are available, which you can select in the
drop-down list box: The method Voxel (computer), the graphics-card-
accelerated method Variable detail (graphics card) and the method
Maximum detail (graphics card).

With the Voxel (computer) method, rendering is performed using
the main processor only, without OpenGL support; the model that
forms the basis for the calculation is also less complex. As a result,
this method is faster on slow computers with small graphics cards.
The results, however, are also of reduced quality.

Depending on the size of the data, the method Variable detail
(graphics card) can be accelerated by the OpenGL-compatible
graphics card.

The Maximum detail (graphics card) method calculates the
surface model layer by layer. Here the available channels are
added to the model one after the other. This process takes
significantly longer than with the Variable detail (graphics card)
method, which attempts to keep all image data in the graphics
card’s memory. On the other hand, this method usually produces
the best results.

Maximum mode

Geometry

» Angles (x,y,z): shows the current orientation of the volume in degrees
(-180 to 180) with respect to the main axis (x, y, z). You can also define
an angle by entering a desired value in the edit fields.
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» Center (x,y,2): describes the relative position of the rotation center to
the center of the 3D stack. This translates into a lateral shift of the
volume and is best defined by the ﬁ tool. The values are given in
units of volume diagonals (X, y, z): the diagonal is set to 1. For the
home position all values equal 0

» Zoom: defines the magnification factor (value range 0-1000).

» Stretch Z stretches the volume display in axial (z) direction. Entering
values >1 (value range 0-20) increased the height of flat structures.

Note:
e Stretch Z is only active for the graphic card method

Resolution

» Reduction (xy) / Reduction (z): For Maximum mode you can reduce
the number of pixels used for the calculation step by step in both the
lateral (x,y) and axial (z) directions (subsampling). In some cases this
can significantly reduce the duration of the calculation.

e To do this, move the corresponding slider, or enter the desired
value in the input field. A reduction value of 2 for x,y, for example,
combines 2 pixels in the x and y directions, reducing the data
volume by a factor of 4. A value of 2 for z combines two z-planes in
one single plane, reducing the data volume by half.

¢ The more you reduce the data, however, the smaller the benefits in
terms of speed. As a rule, a reduction of 2-3 is sufficient for a
smooth display.

¢ You can also adjust the resolution on the Info property page where
you can see the performance values of the rendering directly.
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In contrast to the Transparency and Surface modes Maximum
rendering is based upon a much simpler calculation model. As a
result the rendering speed increase by data reduction is not as
pronounced as with the other modes. It is for this reason, that the
Maximum mode is very suitable for the rendering of large volume
stacks.

To get the optimum effect you can also adjust these settings on the
Info tab. There the performance measurements give a direct
feedback on the speed improvement.

Rendering Mode

» Here you can also switch between the different modes (using the drop-
down list box). In the OpenGL accelerated modes, here you can also
change the rendering method being used (using the drop-down list
box).

» Method: In the Transparency mode, the two options Voxel (computer)
and Maximum (graphics card) are available.

With the Voxel (computer) method, rendering is performed using
the main processor only, without OpenGL support; the model that
forms the basis for the calculation is also less complex. As a result,
this method is usually faster on slow computers with small graphics
cards. The results, however, are also of reduced quality.

The more complex method Maximum (graphics card) performs
the maximum projection calculation on the graphics card and
produces faster and better rendering results.
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Mixed Mode

Geometry

>

Angles (x,y,z): shows the current orientation of the volume in degrees
(-180 to 180) with respect to the main axis (x, y, z). You can also define
an angle by entering a desired value in the edit fields.

» Center (x,y,z): describes the relative position of the rotation center to
the center of the 3D stack. This translates into a lateral shift of the
volume and is best defined by the ﬂ tool. The values are given in
units of volume diagonals (x, y, z): the diagonal is set to 1. For the
home position all values equal 0.

» Zoom: defines the magnification factor (value range 0-1000).

> Stretch Z stretches the volume display in axial (z) direction. Entering
values >1 (value range 0-20) increased the height of flat structures.

Resolution

» Reduction (xy) / Reduction (z): For Transparency mode you can

reduce the number of pixels used for the calculation step by step in
both the lateral (x,y) and axial (z) directions (subsampling). In some
cases this can significantly reduce the duration of the calculation.

e To do this, move the corresponding slider, or enter the desired
value in the input field. A reduction value of 2 for x,y, for example,
combines 2 pixels in the x and y directions, reducing the data
volume by a factor of 4. A value of 2 for z combines two z-planes in
one single plane, reducing the data volume by half.

e The more you reduce the data, however, the smaller the benefits in
terms of speed. As a rule, a reduction of 2-3 is sufficient for a
smooth display.
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e You can also adjust the resolution on the Info property page where
you can see the performance values of the rendering directly.

e The parameter Triangles as available for Surface mode is not
available for Mixed mode.

Rendering Mode

» Here you can also switch between the different modes (using the drop-
down list box). For Mixed mode only the OpenGL accelerated method
calculated with the graphics card is available.

Info property page

This property page shows performance values for the different render
modes. With the settings in the Resolution field, you can accelerate the
rendering speed significantly for large volumes.

Info

The Info field on this property page shows performance values that are
designed to help you achieve a realistic estimate of the rendering speed
you can expect. Partially different parameters will be displayed for the
different render modes.

For all render modes:

» Performance: You are given a time value (in msec) for each image
calculated resulting in a Frames/second value.

» Angles: You can also still see the angle positions that are currently set.
This can prove useful for the precise orientation of image stacks in
space. The angle positions can be changed with the control elements
of the image or on the View property page.
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» Center: You can change the center of the image with the control
elements of the image or on the View property page.

» Zoom: The current zoom factor of the display. You can change the
zoom factor with the control elements of the image or on the View

property page.

» Additional parameters for Transparency:

Number of calculated Texture elements per second
Number of calculated pixels per second

Number of loaded texture planes: Maximum rendering speed is
only obtainable, if all texture planes can be loaded in the graphic
card’s memory (Nr. Texture planes = all)

Number of rendered textures as well as texels, bytes and pixels (all
in millions)

Nr. of loaded ... shows number and size of textures during the
process of loading them into the memory of the graphics card

> Additional parameters for Surface

Number of calculated triangles / second

Number of calculated vertices (= points where the line segments of
two triangles meet each other)

Total number of triangles

Total number of vertices
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Resolution

» Reduction XY / Reduction Z: In this field you can reduce the number
of pixels used for the calculation in both the lateral (x,y) and axial (z)
directions (subsampling). In some cases this can significantly reduce
the duration of the calculation.

e To do this, move the corresponding slider, or enter the desired
value in the input field. A reduction value of 2 (x,y) combines 2
pixels in the x and y directions, reducing the data volume by a
factor of 4. A value of 2 for z combines two z-planes in one single
plane, reducing the data volume by half.

e The more you reduce the data, however, the smaller the benefits in
terms of speed. As a rule, a reduction of 2-3 is sufficient for a
smooth display.

» Triangles: In Surface mode, here you can also determine the
maximum number of triangles used. The fewer triangles used by the
model, the higher the rendering speed. At the same time, this also
reduces the level of detail.

e The number of triangles should not be less than 5000, as otherwise
the quality of the resolution is insufficient.

e To achieve the same quality in the Variable detail (graphics card)
mode as in the Maximum detail (graphics card) mode, the
maximum number of triangles must be set, depending on the
image data, to several million (entry of figures in the value field).
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Clipping property page

Inside4D features up to three so called Clipping planes. These planes can
be used to cut the volume open in order to visualize structures which are
within the volume. Clipping planes make most sense when used in the
Surface mode but can also be used with limited functionality with the
rendering modes Maximum and Transparency.

In Surface mode clipping planes can also be used in a channel specific
manner. This means, that in a multichannel image one can selectively cut
away portions of the volume in one channel in order to unveil other
structures from other channels. This technique also works in Mixed mode.

A further possibility is, to use clipping planes in order to display only the
gray values of the volume which touch the clipping plane.

All these functions can be used for creating a render series in order to
make spectacular movies for presentation.

There are three clipping planes, which are named according to their default
orientation with respect to the volume axis: XY, YZ, XZ. All the parameters
influencing a clipping plane can be found on the corresponding tab:

o e o

When set, each plane is placed into the center of the volume and oriented
in orthogonal fashion according to its name (XY, XZ, YZ).

Clipping

» Clip mode: Here you can select between 4 clipping modes:
e None: Plane has no clipping function.
e Back: Plane cuts away the background.

e Front: Plane cuts away the foreground.
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Both: Plane cuts away both fore- and background. This mode is
similar to the check box Hide Volume on the right side bar of the
render window.

> : Here you can choose which channel should be clipped.

Simply disable the channel you do not want to clip by clicking on the

appropriate channel button: BJ - channel 1 and 3 will be

clipped, channel 2 not. This function is only available for the modes
Surface and Mixed.

» [l Clip Transparency (all channels) . This check box is available for the
modes Surface, Maximum and Mixed. This option clips all transparently
rendered channels in a global fashion. For technical reasons it is not
possible to correctly clip transparent volumes in a channel specific
manner.

Plane Parameters

» Draw Mode: From this drop down box one of 6 options can be
selected, which influence the way, the clipping plane is drawn:

None: plane is transparent

Colored: clipping plane is colored in a semitransparent fashion
with a green hue

Binary: Gray levels above the defined threshold, which are
touched by the plane are displayed binary white, black pixels are
opaque

Transparent (linear): Data, which are touched by the plane, are
displayed as in the render mode Transparent but in a two-
dimensional projection. The ramp for the transparency in this case
is always linear. Black pixels are transparent.
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e Transparent (with settings): Data, which are touched by the
plane, are displayed as in the render mode Transparent but in a
two-dimensional projection. The ramp for the transparency is as
defined on the Data property page. Black pixels are transparent.

e Opaque: as with Transparent (with settings) but in this case
black Pixels are non-transparent, rendered volume data in the
background do not shine through.

> [¥]Draw Outine . graws a green frame outlining the plane. Especially
useful, it plane is in draw mode None.

> [ Default Orientation
reset to its default orientation

]: With this button the plane can be
» Horizontal: allows the rotation of the clipping plane along the
horizontal volume axis (oblique orientation)

» Axial: allows defining an oblique orientation of the plane along the z-
axis of the volume.

» Position: shifts the plan along the planes perpendicular.
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Measure property page

Inside4D features 5 tools for interactive measurements in Euclidian space.
Measurements can be performed in all graphic-card accelerated modes
(Transparency, Surface, Maximum and Mixed). The measured tools are
shown as shapes in the rendered volume and can be changed there
interactively. Measurement values can be exported as a table for
downstream processing in other programs.

First a suitable tool has to be chosen. In order for measurements to work,
the mouse cursor must “recognize” a structure. In the Surface mode this is
a uniquely identifiable surface structure, for the transparent modes the
tools looks for the local gray level maximum which is closest to the
observer or if ambiguous, for the topmost drawn texel.

As a sign, that the mouse cursor has “found” a structure, the cursor shape

changes from il The found measurement point is drawn as a

blue circle .

Interactive 3D-Measurement

The measurement dialog contains a toolbar with the available
measurement tools.

> If pressed, the Keep tool button keeps the chosen measurement
tool active to enable multiple measurements. If depressed a new tool
can be chosen after measurements.

> The Line tool measures the length along a line in ym. First click
on a starting point and move the mouse to the desired end point while
keeping the left mouse key depressed. The measurement is concluded
upon releasing the left mouse key.
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> The Angle measurement tool (equivalent to the 2D measurement
tool Angle 3) defines an angle between two connected line segments.
First define the starting point by clicking, then draw the first line
segment until you click on the first endpoint. Now draw the second line
segment and conclude the measurement by clicking onto the second
end point. This measures the angle in degree.

> Iil The Marker tool defines and marks structures in a volume and
produces the x,y and z — coordinates (in ym)

> The Curve tool measures the total length (um) along a variable
multi-segmented polygon line. Please click from point to point and
finish the measurement by clicking with the right mouse key.

> With the Star tool one can measure distances between an anchor
point and multiple line segments. First define the anchor point by left
mouse click followed by multiple clicks on the desired target points.
The measurement is concluded by clicking with the right mouse key.
Both the cumulated length as well as the distance of each individual
segment are produced

» Measurement values are compiled in a list. In order to delete a
measurement, select it in the list and press the button. One can
also delete all measurements by clicking on .

» The measurements can be copied into the clipboard with the

Clipboard . L
button or created as a new data table in AxioVision by

o Create T able
clicking on button.
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> The checkbox 4 Table transposes the data into table format.

» Measurements are only transiently drawn into the volume and are not
stored automatically with the image. This is mainly due to the fact, that
measurements much depend on all the other render settings. Both
render settings and current measurements can be saved as a *.zv3

Save with
settings file by clicking on Measuements| Enter the desired name in the
Save Inside4D Settings As dialog and click on Save.

Load...
> In order to load a measurement settings file, click on I—‘ and

select the desired settings file from the Load Render Setting dialog.

Stereo property page

Sometimes the display of three-dimensional structures on a two
dimensional display can be difficult. In this case it can be helpful to display
volumes as Anaglyphs. The volume is separated into two separate views
which are calculated as if viewed through two different cameras. Both
cameras are positioned in a defined distance from each other. Each view is
colored differently (red and green) so that when viewed through red-green
glasses, a 3 dimensional impression is created for the observer.

The Stereo view can be invoked for all graphic card accelerated rendering
modes (Transparency, Surface, Maximum and Mixed).

Stereo

» Stereo Mode: enables (Anaglyph Stereo) or disables (None) the
stereo mode.

» Channel: The drop down box contains the options Both, Left and
Right. Only in Both is the analglyph stereo effect visible. The other
modes each turn off the other channel.
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» Camera: Defines the distance of both cameras from each other (Units
in meters).

» Parallax Shift: Determines the degree of shift which is necessary to
correlate both camera views. The slider should be adjusted to
maximize the stereo effect. Please note, that this setting will be
different for each observer.

Special property page

»  [¥linner Surface Lighting . £ checked, illuminates the inside of a surface
rendered volume. If unchecked, the inside is dark. If one views the
inside of a volume by flying or zooming into it, the inside illumination is
helpful. This option is only available for the Surface mode.

>  [¥lFront and Back Side Lit Differently . \yith activated Inner surface lighting,
this checkbox colors the inside lighting with a bluish hue. This makes
distinguishing inside from outside easier. This option is only available
for the Surface mode.

>  [¥lDraw Border Triangles . |f checked, closes structures that are cut by the
bottom or top of a z-stack. This option only affects the Surface mode.

»  [¥]Transparent Surfaces (Max.Detail only . Thig option allows transparency to

be assigned to surface rendered volumes in a channel specific manner.
If checked, the slider Transparency will be available on the Data
property page. This option is only available for the Surface mode if the
method Maximum Detail is chosen on the View property page. Please
be aware, that with multichannel volumes the transparency effect
depends on the order in which the channels are rendered. This
technical limitation does not always lead to satisfactory results.

> [x]Gallery - Draw combinedimage |f checked, this option displays the merge
image including all channels of a multichannel volume in 3D-Gallery
View. This option is only available for the Surface mode.
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» Texture-Switch: This parameter influences the volume angle, upon
which the next set of 2D-Textures will be loaded into the graphics card
(value range 1-100 degree). Depending on the object orientation, the
number of z-slices and the chosen render settings this loading process
can be visible and may be disturbing especially when rendering a
series for movie export. Changing this angle can postpone or even
avoid this switch during a series rendering. This Option is only
available for Transparency and Maximum modes.

» Fly-Speed - |nfluences the fly speed (value range 0.0001 — 0.9999) when
flying through a volume.

» Mouse Sensit.: Influences the mouse sensitivity (value range 1-720).
Small values make the mouse actions precise but slow, large values
less precise but faster.

VRML property page

VRML (Virtual Reality Markup Language) is a standard file format for
representing 3D-graphics. It has been designed particularly with the world
wide web (WWW) in mind. VRML files are commonly called “worlds” and
have the *.wrl file extension. To open and view these files a suitable web
browser with a VRML Plugln is required.
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10.3 Deconvolution

A prerequisite for 2D deconvolution is a 2-dimensional image with 8-16 bit
gray levels. All functions that are not necessary for 2D deconvolution are

inactive.

A prerequisite for 3D deconvolution is an 8-16 bit gray level image in the
form of a z-stack. To acquire a z-stack using AxioVision, the optional Z-
stack module is required. If you wish to acquire z-stacks in several
fluorescence channels, you will also require the Multichannel Fluorescence

module.

The following processing methods (see next page) can be used for the

relevant image types in deconvolution:

Frame rate 2D Deconvolution 3D Deconvolution
NN NN X

2D Fluorescence RIF RIF X
FIT FIT X
CIT CIT X
NN NN X

Z-Stack Fluores- RIF RIF X

cence FIT FIT X
CIT CIT X
NN NN

3D ApoTome SIM RIF RIF X
FIT FIT
CIT CIT

NN: Nearest Neighbor
RIF: Regularized Inverse Filter

FIT: Fast lterativ

CIT: Constrained lterativ
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How do | perform deconvolution using the
Regularized Inverse Filter?

» Load a suitable image. On the AxioVision Viewer CD, you will find the
image "FluoCells_DCV-Teststack.zvi". This is a 3-channel z-stack
image, and is a good image to use here.

» In the work area, switch to the Deconvolution entry.

o Microscope

-mE!l ApaTome

{2, Sealings

2 Multidimensional Acquisition
-~ Extended Focus Acquisition
----- -3_11 Dieconsyolution
1‘ Image Processing %
-4 Measurements

» This opens the Deconvolution property page. First of all, deactivate
the CreateNew function. This setting ensures that only one resulting
image is generated, and that the input image remains selected. This
allows you to change parameters as often as you like, without a new
resulting image being generated each time.

Parameters

CreateMew

|nput
Output

Algornithrn Regularizedin:

» If the desired image was in the foreground when Deconvolution was
selected, it is now loaded as the input image. Otherwise load it by

clicking on the _..I button and selecting the image in the gallery:
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|Fqu:|CeII3_D...

» The name of the resulting image can be changed. We recommend that
you include in this an indication of the method used:

Cutput FlucoCell_| rwerse...|

» The Regularized Inverse Filter method is already selected.

» Inthe Channel specific settings section, you can enter settings that
may differ from channel to channel, e.g. the desired reconstruction

strength. For the second channel (green), select a manual strength
setting:

1] 3

Marmalization: I.&ulDLinear j

¥ Set strength manually
Wwieak, b editim Strang

' ' ' a ' o

Leave the other channels on the automatic strength setting.
» Leave the AutoLinear setting for normalization.

» Define a sub-region using the Select ROl menu command:
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View | Microscope  Acq
Zoom L4
Plaver 4

Iil Full Screen

E‘ Ruler

= |

> In the image, define a small region to which you want deconvolution to
be applied:

Reflector position Exposure Z-distance pm
15 Ex.546/12 40 msec 11163

» Start the procedure by clicking on M. Follow the display in the
job list:

B Joblist x|
|JobNama V‘ Johinfo JobProgress JohStatus Remair
P Deconvolution Image rezample Running 0=
al | 0|
g | E— — |
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The resulting image should now look like this:

=) nsio¥ision - [DCVImage *]

H fe e vew Moosops  Acadsiten
(8] ke r &,
Mews TIC Meagurement  Live Propert Cpen
| Werkana
W] ercacspe
== ApoTome
& Sealrgs
Mudtiimensiona Acusion
e Fotmrned Foous dcquintion

v L Bnage Processng :
o — =

| & Decowohsion |2 Poirt Seresd Funcion
Pasametess

Crsatebian o =l |s
- Pk D0 e

Ourput DVImage :
At Regusizedrr. = | y

Channel specifc settrgt

a=8a

Homslestor: | 2inclres

¥ Sat shength marusly
Wesk Medum Shang

(¢

[CZ0 Ve | b Ve | Cuk View | 30 View

NERIR Q|7 00k L=
Subuet=Dff ROITALAT 2722

_Subuat | nn | suan | @00 [ 2] RN e
e T - B it

201427

The first channel is displayed, and you can see the effect of the inverse
filter applied to the ROI.

» Adjust the slider for Z until you arrive more or less at the center of the
27 /50
z-stack 2z j J j . You should now see an
image that looks something like this:
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» The bright regions in the acting structure of the fluocell sample appear
over-saturated. This is the effect of automatic normalization. T

compensate for this, open the Properties window using the
in the image window’s display field (or Alt+Enter).

button

» In the image histogram, you can now see that the setting of the display
characteristic curve is still the same as it was for the original image:

x
4K Display | ® Atvi. ||l C.. | InfwDCY. |
[~ Applytoal T
0 Lo fa] 85535;|

» As the 16-bit dynamic range (= 65536 gray levels) is now being used in

full, the display characteristic curve needs to be adapted to the new
data range.
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» To do this, click on the ﬂl button. The value in the input field
underneath this button should then be one per thousand:

I =1

! ;I%c' . The display characteristic curve is now set in such a
way that 0.1% of the brightest pixels in the image are shown as
completely white, and 0.1% of the dark pixels in the image as
completely black. These settings only influence the display on the

monitor, not the pixel values in your image. The histogram should now
look something like this:

[~ éppltoal T

] Loa [k BEE35 .. |

» The contrast setting of the image is now more or less correct. This

means that you are able to properly assess the image components that
have been enhanced using deconvolution:
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» Repeat these steps for channels 2 and 3 until a good, high-contrast

image is also visible in superimposed color mode ( Iﬁ

button).

» The orthogonal slice view is particularly useful for assessing the result.
Switch to the slice view by clicking on the Cut View tab

Info Wiew | Cut ¥iew | 30 ¥iew || position the slice lines in the
deconvoluted region (for example):

FluoCells_DCY-Teststack.zvi  FluoCellls_Inverse_Filter * | 4k X

L]
l 005 o

40
sl 0 0o

10 20 0 &0 &0 h &0 an pm

20 0

30

¥ Cutlines
v Scaling
v fwes
[~ MIP

Create Image |

70 B 50

a0

prn 90

20 Wiew | Info Wiew 3D Wiew |

» You can now clearly see the effect of the contrast enhancement. In
particular, the separation of the green channel (which represents the
cell nuclei of the intestinal cells in the fluocell sample) from the red
actin elements is only clearly visible after deconvolution.
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» You can now experiment with the various parameters and
deconvolution methods. Provided you do not make any changes to the
name of the resulting image, the resulting images are overwritten every

time you click on the M button. This procedure also enables you
to display various deconvolution methods simultaneously, in a single
resulting image, by moving the ROI (region of interest) in the input
image after selecting a different method.

» Save the desired resulting image. These images are ideal for use with
the 3D rendering module Inside4D.
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10.4 Widefield Multichannel Unmixing

Background

Widefield Multichannel Unmixing is a new function for the removal of
crosstalk between fluorescent dyes in multichannel images with up to eight
fluorescence channels using a traditional epifluorescence microscope.
Crosstalk is a phenomenon which occurs, whenever dyes are excited by
excitation light of more than one filter combination. This problem occurs for
example, when dyes with broadly overlapping excitation spectra are used
concurrently in one sample. Good examples are the spectral variants of
fluorescent proteins, e.g. BFP, CFP, GFP and YFP. With traditional
reflector filter sets it has been often difficult to achieve 100% signal
separation for such dyes.

In essence this means, that a certain proportion of a signal in one channel
is actually derived from another dye spilling over into the channel.

A parameter based separation is now available with the Widefield
Multichannel Unmixing module. The procedure is separated into three
steps:
» Measurement of the amount of crosstalk in 2 alternative procedures:
o With appropriate reference samples
e by automatic component extraction (ACE) from the sample to be
unmixed

» Creation of the unmixing matrix file

» Unmixing of the image to be corrected by means of using the unmixing
matrix file generated in step 2
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NOTES:

¢ Non-fluorescent channels such as DIC or Phase contrast are
automatically detected and disregarded by all unmixing functions. Such
channels are automatically copied into the unmixed result images to
facilitate merged views with fluorescent channels.

e The module Widefield Multichannel Unmixing is designed to work with
images created using the AxioVision Multichannel Fluorescence
module. For the creation of correct reference images the use of the
AxioVision Multichannel module is required.

e The images used in these examples you will find on the AxioVision
installation CD in the folder "Images".

The Principle of unmixing

The following example tries to demonstrate the problem of cross talk as
well as show the potential of unmixing such images. In this case,
determination of cross talk is done using reference samples and not ACE.

Reference sample A (CFP-Reference1.zvi): HelLa cells containing a virus
proteins coupled to cyan fluorescent protein (CFP). This protein
accumulates especially in the nucleolar regions of the cell nucleus.

Reference sample B (GFP-Reference1.zvi): HelLa cells containing a virus
proteins coupled to green fluorescent protein (GFP). This protein
accumulates in the nucleolar regions of the cell nucleus too.

Sample C: (RevCFP-H2-GFP_3.zvi): HelLa cells containing two proteins
with different fluorescence: coupled to CFP is the same viral protein as in
reference sample A (nucleoli); coupled to GFP is a histone protein, which
stains the chromosomes and thus the entire nucleus a lesser degree of
staining of the nucleoli.
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Sample

Channel 1(CFP)

A. Reference sample
CFP only:

A small degree of
crosstalk is visible in
channel 2 coming from
channel 1.

Image histogram:

x-axis: pixel gray
values. y-axis: relative
number of pixels in
logarithmic scale;
identical settings of
the display curve.

Channel 2 (GFP)

] Lo (Skio

B. Reference sample
GFP only:

A moderate degree of
cross talk from
channel 2 is visible in
channel 1.

Image histogram:

x-axis: pixel gray
values. y-axis: relative
number of pixels in
logarithmic scale;
identical settings of
the display curve.

18383,

0 Loa J(Skip 16383 (.

1] Loa ||Skp

16383

163583

1] Lo |(Shio
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Sample

Channel 1(CFP)

C. 2-channel
fluorescence sample
(CFP and GFP):

Before Unmixing:

How much signal from
channel 2 is visible in

channel 1 (cross talk)

and vice versa?

Image histogram:

x-axis: pixel gray
values. y-axis: relative
number of pixels in
logarithmic scale;
identical settings of
the display curve.

Channel 2 (GFP)

?

0 [Loa iSkin]

D. 2-channel
fluorescence sample
(CFP and GFP):

After Unmixing:

A net percentage of
pixel intensity values
from channel 2 are
added to the signal in
channel 1.

Image histogram:

x-axis: pixel gray
values. y-axis: relative
number of pixels in
logarithmic scale;
identical settings of
the display curve.

16383 [..) 1] [Loo J[Skin) 16383 (..

0 163830.) | O (Loo ) Ekn) 16383 ()
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CFP&GFP-sample
original
pseudocolor mode

E. 2-channel
fluorescence
sample (CFP and
GFP):

Comparison
"before" and "after"
unmixing: shows a
markedly improved
signal separation
(shown at identical
display settings.

-
L ol

CFP&GFP-sample
unmixed
pseudocolor mode
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The Widefield Multichannel Unmixing function

The Widefield Multichannel Unmixing function is the central function for
unmixing samples:

Create new On w Create new [A[3] w

Mode Mode

{;} Automatic component exkraction C' Aukomatic component exktraction

() Unmixing with reference matrix

Aukomatic component extraction

Threshold 0,90

Unmixing with reference matrix

Background

Pick background area

X i

Gray value

(%) LInmixing with reference matrix

Automatic component extrackion

Unmixing with reference matrix:
Reference matrix

ACEMakrx, zium

[ Generake referance matrix...

Backaround

[ Pick background area

k3 i

aray walue

Using the function dialog, you can select whether the unmixing should take
place via “automatic component extraction” (left-hand image) or using a
reference matrix (right-hand image). If you choose unmixing using a
reference matrix, you will need a reference matrix file containing the
corresponding information for the unmixing.
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If such a file does not yet exist, you can start a wizard via the
Referenzrmatrix erstellen. ..

button, which will lead you through
the process of generating a reference matrix file.

Working with the basic functions

The basic functions in the menu Processing = Widefield Multichannel
Unmixing are the functions for unmixing that will already be familiar to you
from the previous version of AxioVision. These functions are still available,
for compatibility reasons and for use in Commander scripts. The following
two examples describe how you can use these functions for unmixing.

Unmixing with reference samples

This example shows you how to measure cross talk using reference
samples and use this information to unmix a 2 channel fluorescence image.

The same images are used as in example 1.

» Open the first reference
image "CFP-Reference1.zvi".
Itis a 3 channel image. The
first channel contains
transmitted light information
(DIC).

The CFP signal is visible
strongest in channel 2 (Zeiss
filter set #47). Change into

b/w mode () and
channel .
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» Open the properties dialog
(menu View = Properties)
and adjust the display line in
a way to enhance the gray
value visibility (e.g. Best Fit:
Gamma value ~ 0.25).
{\low_lt is easlerkto dlst:jn?wsh aPiopariits

rue image background from _ . _

. . Displ B AL C. | Info:CFP-Ref...
signal derived from the U oslr | e | ocer A
fluorescent dye. [¥] Apphy to &l T

] [Loo |(Eko) 16383
» In the workarea select Image =40 Widefield Multichannel Unnixing
Processing/Widefield Reference measurement
Multichannel UnmiXing and ‘a}-: Automatic Component Extraction
then Reference i, Create Unmixing Matrix
measurement. Al Unmix Multichannel Image
> The |mage "CFP- ﬂ Reference measurement | g
Reference1.zvi" is selected fiaiameters :
t t ” | t . CFP-Referencel zvi [3 3
automa |Ca y as npu Image Background [coordinat 0, 1023
because it the active image in Measurement ares [coc 43, 235
the foreground.
CFP-Refere..
» Ifitis not selected, select the image from the pop up gallery.
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In the edit field

B ackground [coordinates)

click
on the Q button.

Select a suitable region in the
image for background
correction (ideally without any
signal coming from the dye).
The pixel coordinates (x/y) as
well as the gray value of the
selected pixel are shown. If a
scaling is available, the stage
coordinates are shown.

Click at an suitable position
once in the image. The x and
y coordinates are shown in
the input field.

Click the Q button in the
input field

Meazure area [coordin

Search for a suitable region in

the image for measurement.
Ideally search for a region
with an intensity as high as
possible.

392,561
10492,4,378,2 pm
Gray=222

393, 582

Background [coordinates)

_%'_333,254
10436,5,347,5 pm

g Gray=14042
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» Click the button to

carry out measurement.

» The regions taken for
measurement are shown in
the image. Save the image,
because it's used later for
generation of the unmixing

matrix.

» Open the second reference *":EFE’E:‘”“S”’E“"“
image GFP-Referencel.zvi. O o )5
The thlrd Channel COﬂtaInS Backaround (coordinates] 1387, 1024 .

Measurement area [cooidinates) 168, 432

the GFP fluorescence
(fluorescence filter set # 44).

CFP-Refere... | GFP-Refere...

» Repeat the corresponding
steps also for this image.

» In the workarea select the =4 WideField Multichannel Unmixing
function Create Unmixing B} reference measurement
Matrix from the function % Automatic Component Extraction
group Image yoq Create Unmixing Matrix

Proc'essingNVidefi'eI.d A4 Unmizx Multichannel Image
Multichannel Unmixing.
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» 10. Select the input images i "Ea‘et“”“i"‘”g”at""
accordingly: CFP-Reference1 (- CPAdencetzi [
as Referencelmagel, GFP- virra— o Befmmosl o LI

Reference1.zvi as .
Referencelmage?2. Please
take care to enter channels
and reference images in the
same order. If you use
images with more than two
channels, the function is
extended accordingly.

CFP-Refere... | [GFP-Refere. ..

» To define a name for the Open ad]
unmixing matrix file, click the - == Y odoa
L] button in the input field i
. In the following
dialog you can enter a name _
for the matrix file. i
ol
> Clickthe L_92="_Jputton | "~ A p—
to accept the filename. 3 o = W=

> Click the button to (@ Desktop =) cPp-GRP-Reference-Matrix.2

generate the unmixing matrix = & tpoaens

" o . . I3 Adobe
file. The file is saved — like 2 ) Corl 7eiss
other AxioVision files — in the 5 O Data
I3 Calibration
user fo'der- 123 MarkandFindObject
1) Sealing

('} | inmixingMatrices

» In the workarea select the =45 Widefield Multichannel Unmixing
function Unmix Multichannel B Reference measurement
Image fr_om th_e |mage % Automatic Component Extraction
Processing/Widefield

’ e i, Create Unmixing Matrix
Multichannel Unmixing

function group.

PR Unmix Multichannel Image
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» Open the image to unmix and
select it as Input image. In
this example, the image
"RevCFP-H2-GFP_3.zvi" is
used.

» Switch to the black and white

view () and activate
channel 2 ().

» Right click in the image and
select Properties. Set the
display characteristic line in
such a way, that the gray
values are displayed
extremely amplified. So you
can easily detect, where the
background is not caused by
the sample fluorescence.

» Switch to channel 3 and
repeat the setting of the
display characteristic line like
in previous step.

Al Unmix Multichannel Image |

Parameters

Create new 0ff w
Input RevCFP-HZGFP 3a2vi [

Channel Hame : CFP
CameraExposureTimeVYalue : 888,3
Reflector : 47 CFP

& Properties
1K Display ‘ L ||I C | Info:RevCFP-.. |

apply boall T

Channel Hame : enhanced GFP
CameraExposureTimeValue : 95,3
Reflector : 44 FITC narrow

4 Properties |
{K Display | B A ||I C | Info:RevCFP-..

Apply to all T
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» Switch back to the color view
and switch off channel 1

)

» Now you can separate the
two fluorescence colors
clearly from the background
signal.

» Click the EJ button in the
input field

B ackground [coordinates) In

the image search for a

suitable region for the £259,5,-195,1 pm
background measurement Gray=7837

(preferably without a signal
caused by the fluorescence
dye).

» The pixel coordinates (x/y) as
well as the gray value of the
selected pixel and stage
positions are shown. Click at
a suitable position once in the
image. The x and y
coordinates are shown in the

input field.
> Enter a name for the Output e CFP-H2-GFP_S-unri
image.
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» Click the E] button in the
input field MELELEN to select
the unmixing matrix file. Click
the ‘ button to
load the file. The dialog is
closed.

» Click the button to

start the unmixing. The
result image shows a clear
separation of the
fluorescence channels 2
(CFP) and 3 (GFP). Channel
1 without fluorescence (DIC)
is copied to the output images
unchanged.

» To optimize the display, you
should set the display
characteristic line for channel
2 and 3 accordingly:

Opun )]
Leok e | () Uinmssngh smces - ¥ c @3
[ 1ore - ernce-Hairs: s
)
Wy Recark
Documens
@
Dnikiop
=
My Diocusrants
My Corrguine
Pl e CPPGPPfletmence skt um
My Netwcek, Pl of s sl Concel |

Apply to all T

D (Loa ) (Ekin] te3a3[.J

L S

i

oA

=

i Mace

l

Linear

-0,30 1,69 0,50 Restore
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» Save the output image. 5] RevCFP-H2-GFP_3-unmixed *

Unmixing of a multichannel image using ACE

This example shows you how to measure cross talk directly an image for
unmixing with Automatic Component Extraction (ACE) and how to use it for
unmixing of samples.

The same images are used as in example 1.

» Open the image to unmix. In
this example the image
"RevCFP-H2-GFP_3.zvi" is
used.

20 Wiew | Info View | Tese View | Gallery View | Colocalation
A AR R - ot 1 =[] 2

@ ] B[
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» Switch to the black and white Channel Hame : CFP

CameraExposureTimeVYalue : 888,3
. Q ]{j . Reflector : 47 CFP
view ( ) and activate

Properties
channel2(). Right click in [ oaa

1K Display ‘ B A HI C | Info:RevCFP-. |

the image and select
Properties. Set the display
characteristic line in such a
way, that the gray values are
displayed extremely
amplified. So you can easily
detect, where the background
is not caused by the sample.

apply boall T

Channel Hame : enhanced GFP

> SW|tCh to Channel 3 and CameraExpogureTimeValue : 95,3
. Reflector : 44 FITC narrow
repeat the setting of the
display characteristic line like ' Properties X
in previous step. {4 Display | % .. [[HIC | InfoRevCFP-..

Apply to all T

> Switch back to the color view  [asieismss
and switch off channel 1 ? ‘ Traas
| "

» Now you can separate the
two fluorescence colors
clearly from the background
signal.
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» In the workarea select the
function Automatic
Component Extraction from
the Image
Processing/Widefield
Multichannel Unmixing
function group.

» The reference image
"RevCFP-H2-GFP_3.zvi" is
selected automatically as
Input image because it the
active image in the
foreground.

[=--4% Widefield Multichannel Unmixing
iﬂ_ Feference measurennent
4.:}-: Autornakic Component Exkrackion

i, Create Unmixing Matrix
A QL Unmix Mulkichannel Image

(.'?"t Automatic Component Extraction |

Parameters

0
Background [coordinates] 18, 972

Threshald JUk:] <*
MatrizFile Uiz zium

Rew(FP-HZ...

» Ifitis not selected, select the image from the pop up gallery.

» Click the EJ button in the
input field
B ackground [coardinat

the image search for a
suitable region for the
background measurement
(preferably without a signal
caused by the fluorescence
dye). The pixel coordinates

(x/y) as well as the gray value

and the stage position of the
selected pixel are shown.

6259,5,-195,1 pm
Gray=7a37

» Click at an suitable position once in the image. The x coordinate is

shown in the input field.

» The predefined threshold in the input field Threshold can be used

u nChanged Threzhold

0.4 . For further information

about this parameter, please read in the online help.

AxioVision User's Guide, Release 4.7

10-99



Modules - Widefield Multichannel Unmixing

» To define a name for the
unmixing matrix file, click the

Q button in the input field

. In the following
dialog you can enter a name
for the matrix file. Click the

button to accept

the filename.

» Click the button to

generate the unmixing matrix
file. The file is saved — like
other AxioVision files — in the
user folder.

» The measurement regions
defined by ACE are drawn to
the image using the channel
color.

> Switch to the black and white

view () and activate

the accordant channel.

» In the workarea select the
function Unmix Multichannel
Image from the Image
Processing/Widefield
Multichannel Unmixing
function group.

apan B
Lock e (3 UnemergM dlecer - ;] , * [

e

A

Documents

T PP PP Reference Malree. s

[

My Bocuments

My Commguter

HyMetwek: | Fier sl rpe:

X Mame
CFP-GFP-Reference-Matrix.:
CFP-GFP-ACE-Matrix, zium

Folders

@ Desktop

= @ My Docurents
I5) adobe
= |23 Carl Zeiss
= ) Data
1) Calibration
I MarkandFindCbject
IC3) scaling

(&} irmixingMatrices

]

Channel 2: k .

Channel 3:

(=) 4% Widefield Mulkichannel Unmixing
‘ﬂ Reference measurement
‘.}-f Aukamatic Component Extraction
i, Create Unmixing Matrix:
PR Unmniz Multichannel Image
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» Open the image to unmix and
select it as Input image. In
this example, the image
"RevCFP-H2-GFP_3.zvi" is
used.

» Now repeat the background
measurement:

» Click the EJ button in the
input field

Hintergrund [F.oordinaten]

and
then click in a background
region.

» Enter a name for the Output
image.

» Click the EJ button in the
input field KELELEN to select
the unmixing matrix file.
Click the h button

to load the file. The dialog is
closed.

Jal Unmiz Multichannel Image |

Parameters
Create new Off w
TR - -.cre 25 32 ]

£259,5,-195,1 pm

aray=7837

A Unmiz Mulkichannel Image

Parameters
Create new 0ff v
Irput RevCFPHZGFP 32v (]
Open FE
i 4 ofcm
D
r
Derkbog
J
My Dexamorits
o]
My Comgui
‘,'] P CFPGFP ACE Mabes rurn - [
My Nk Fiea ol e s ) e ==
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I5] RevCFP-H2-GFP_3-ACE *
> cickthe L9 Jpunonte e

start the unmixing. The result
image shows a clear
separation of the
fluorescence channels 2
(CFP) and 3 (GFP). Channel
1 without fluorescence (DIC)
is copied to the output images
unchanged.

» To optimize the display, you [ apply to ll T
should set the display
characteristic line for channel
2 and 3 accordingly:

16383

e

> Save the output image.

» o [ L] o -

10-102 M 60-4-0004 e / printed 05.2008



Modules - Colocalization

10.5 Colocalization

Background

The acquisition of fluorescence images in several channels makes it
possible to visualize the relationship between biological structures.
Displaying two channels together in color merge mode makes it easier to
establish whether the components are "colocalized", i.e. are occupying the
same position in space.

The classic display is the color-coded overlaying of two fluorescence
channels. The most common form is red/green overlaying. Regions in
which both fluorescent dyes occupy the same position in space are
therefore shown as yellow. However, it is not possible to use this display as
a basis for quantitative statements about the extent of colocalization. At
best, a qualitative statement can be made on whether or not two dyes are
colocalizing. The Colocalization module can fill this gap and provides you
with a tool that enables you to determine colocalization quantitatively.

Principle:

¢ The colocalization of two channels is always analyzed. For images with
more than 2 channels, the user is required to make a selection.
Colocalization results from the pixel-by-pixel comparison of intensities
per channel.

Control elements

The colocalization display consists of three elements: the scatter plot, the
image (2 channels are shown) and the table of measurement values. On
the right-hand side of the display is a control field for the colocalization
settings. The colocalization display can be activated in the View = Views
= Colocalization menu or by clicking on the Colocalization button at the
bottom edge of the image.
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Regionn Select

Region auswahlen

©]

k.reis

N T

Ll

F-eck

L

K.antur

Elipze Spline

: Using these buttons you can
select up to 32 regions in the input image or the scatter plot. Five different
forms can be used by clicking on the buttons: contour, circle, ellipse,
rectangle, contour (spline). If you hold the button down, the form of the
mouse pointer changes to the drawing symbol. Once you have finished
drawing, the mouse pointer changes back to the original arrow symbol and
the button is no longer shown as depressed.

Once a region has been drawn, it is automatically treated as an active
region. The scatter plot shows the pixel-value frequencies of these regions.
The colocalization table shows the data for the entire image and for the
selected region. If you wish to select several regions, you can do so by
holding down the Shift key and clicking on the regions in question. You can
also deselect them in the same way.

Note:
e The regions are only visible in the Colocalization view and are not
adopted if you switch to a different type of display.

Channel Select

k.anal auswahlen

Kanal 1 FITiC w fuko s

Kanal & DICE w Auto W

: Here you can select the two
channels that you want to view.
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In the drop-down list boxes on the right you can set a gray value range for
each channel. This allows you to make optimum use of the available gray
value range. You can have the range set automatically, choose between
predefined fixed values or enter a value of your choice interactively. The
scaling of the scatter plot is adapted according to the selection you make.

Threshold

Threshaold

Charmel 1 | 1314 =
Charmel 2 | 455 2 Regions

. In these list boxes you can set
the threshold value for both channels in accordance with the graphic below.

|
@ E | 3-Colocalization
= o 2
! 4 é
b=
C?Jﬂ Ch2Threshold
& 4Background 1-Charmel 1

Ch.1 gray walues

Frequency — Color Lookup bar
Elue «> White

AxioVision User's Guide, Release 4.7 10-105



Modules - Colocalization

.
Regionz | .. . L
> : This button becomes active as soon as a region is inserted

into the scatter plot. It remains active as long as regions are being
selected or moved there. By activating and deactivating this button, you
can switch between the selection of threshold values using the mouse
and the selection/shifting of selected regions in the scatter plot image. If
regions have been defined in the scatter plot, the corresponding data
appear in the table, in addition to the entire image.

Mask
Mask,

E]
Eh1 Eh2 Eu:ulu:n: BG Cut b azk

: Using these buttons you can
mask the four quadrants described in the Threshold section and assign
user-defined colors to the channels of the original image (Ch1 and Ch2).
The same process can also be carried out for the colocalized pixels
(Coloc) and the background (BG). The color selection menu is opened by
right-clicking with the mouse.

Lot
> ILEutMask | 1ris button becomes active as soon as a quadrant has

been masked. If you press the button by clicking on it with the mouse, a
new image containing exclusively the masked pixels is created.

Extrack

3 Scatter Plat Tatle

: Using these buttons you can
select the scatter plot and/or the value table for the image currently being
displayed and edited for saving in a separate file. This enables you, for
example, to edit the data in another program (e.g. Microsoft Excel).
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Graphical Display

The Scatter Plot is a graphical display of the pixel-value frequencies of
channels 1 and 2. These frequencies are shown using a rainbow lookup
table (units between 0 and 255). Channel 1 is distributed along the x-axis
and channel 2 along the y-axis. The threshold value can be changed
directly in the graphic by left-clicking with the mouse. It is also possible to
move the threshold value lines interactively using the mouse.

The Colocalization table contains 17 columns. These are used to present
the following details and calculations:

1. Image Region: When a region has been selected, it is assigned a
number. This number appears in the image and the table. Data from
the scatter plot can either relate to the entire plot or to the selected
region. For this reason no numbering for the selected region appears
here in the data table.

2. Scatter Quadrant: As described under the Threshold field, the scatter
plot display is divided into four quadrants, which are numbered 1,2,3
and 4. These numbers correspond to channel 1, channel 2,
colocalization and background. All data can be obtained individually for
these four quadrants. In addition, the threshold value set in the scatter
plot is displayed for each channel.

3. Number of Pixels: Shows the total number of pixels in each quadrant.
The sum of all the pixels in this column for all 4 quadrants corresponds
to the product of the height and width of the original image.

4. Area (Um?):
Area = number of pixels x X-scale x Y-scale
If no scaling is available for the original image, the following applies:
1 pixel =1 ym.

5. Relative Area (%):
Relative area = area of quadrant x / total area
x =1, 2, 3, 4; total area = area of quadrant 1 + area of quadrant 2 +
area of quadrant 3 + area of quadrant 4.
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6.

10.

Mean Intensity Channel 1: The sum of all the gray values of channel 1
divided by the total number of pixels in this channel.

Z GrayValuesChannell
AreaChannel 1

Mean Intensity Channel 2:

z GrayValueChannel 2
AreaChannel 2

Standard Deviation Channel 1:

z (GrayValuesChannel1 — MeanIntensityChannel1)®
AreaChannell —1

Standard Deviation Channel 2:

> (GrayValueChannel2 — MeanIntensityChannel 2)°
AreaChannel 2 —1
Colocalization Coefficient Channel 1: This coefficient indicates the

relative number of colocalized pixels in channel 1 or 2 in relation to the
total number of pixels above the threshold value:

Z Pixels Channell,colocalized
Z Pixels Channell

,total

The values vary between 0 and 1, where 0 indicates no colocalization
and 1 complete colocalization.

Numerator = number of pixels in quadrant 3

Denominator = number of pixels in quadrant 3 + number of pixels in
quadrant 1
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11. Colocalization Coefficient Channel 2:

Z Pixels Channel 2 ,colocalized
Z Pixels Channel 2

Ltotal

Numerator = number of pixels in quadrant 3
Denominator = number of pixels in quadrant 3 + number of pixels in
quadrant 2

12. Weighted Colocalization Coefficient Channel 1 (Pearson):
Provides information on the intensity distribution within the
colocalization region.

Value range: -1 to 1.

13. 1: All pixels lie in a straight line in the scatter plot (if you have used the
same channel twice for colocalization, you will obtain the value 1 in this
column).

0: The pixels in the scatter plot are distributed in the form of a cloud
with no preferred direction.

3 ((GVC1-MVC1)x (GVC2 - MVC2))
2 (GVCI-MVCI)* x Y (GVC2-MVC2)*

GV: gray value; MV: mean value; C: channel

14. Overlap Colocalization Coefficient (Manders):
Insensitive to differences in signal intensity between the two channels
and to bleaching.
Value range: 0 to 1

z GrayValueCl x GrayValueC2
\/ > GrayValueCl1’ x Y GrayValueC 2°

C: channel
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15. Index Z: Indicates the z-index for z-stack images.
16. Index T: Indicates the time index for time lapse images.

17. Acquisition Time: Indicates the time of acquisition for all dimensions
of a multidimensional image.

18. Focus Position: Indicates the focus position at which an image was
acquired.
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11. Image Analysis Modules

11.1 Interactive Measurement

General

The Interactive Measurement module builds on the standard image
analysis functions in the basic program. It offers the following two additional
features:

» A clearly extended list of measurement parameters: besides the
standard parameters there are, among other things, several tools for
distance measurement and multiple distance measurement, two
additional options for cyclometry (including clicking on contour points),
and much more besides.

» The possibility for generating measurement programs for interactive
measurements.

NOTE:

e For general background information and basic details on how to
operate the measurement function, please read through chapter 6
"Image Analysis" first.

e A complete list, plus a description, of all measurement parameters can
be found in the online help.

Working with interactive Measurement
Programs

Measurement programs allow you to put together parameters of your
choice, which the user must then run through in the defined sequence. This
creates a kind of electronic work instruction that ensures that a
measurement sequence is run through properly and completely. The
programs can be saved so that they can be used in routine operation.
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Working with interactive measurement programs usually involves two
steps: 1. loading and 2. executing a measurement program. However,
before a measurement program can be used for routine measurements, it
must first be generated.

Note:
e Further explanations on all the functions described can be found in the
online help.

Generating measurement programs

Using the Measure — Interactive Measurement Programs — Define
function, you can load and modify existing measurement programs or
generate new ones.

M [nieractive Measuremen] Fealures Selting

Dofinition of the menturamant program
Donte-chck & Tl 1o ackd b he Prosram Doubde-chck Faaurms 1o acd ore ba lhe cutenily sebected ool Far 8 v Progtem chck the Fiesel bulon. Sarve saves the cusient progiam Losd
A A Lot ratira atacamarks

Progroes Fraturrs
{50 Cwele Poirte o i -
=0 Kadbiret & hoe
A tmage ame & tenn
& iues # cron comver
& index fagion & aces fiad
G nadus & ennFinrm
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Generating measurement programs: selecting measurement tools and
parameters

The Interactive Measurement Programs function is also suitable for
loading measurement programs, as the relevant program is also visible
here. There is an independent function for loading a program. This is
particularly useful for automatic execution within a Commander script.
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Loading and executing measurement programs

In order to execute an existing measurement program, it must first be
"loaded". This means that one program is selected from a list of existing
measurement programs. This program then becomes active. When the
execution function is started, the program that is currently active is always
the one that is used.

To load a measurement program, please select the Measure =
Interactive Measurement Programs = Load function:

4 Load |
Parameters
ment program  JREEENE T B

Location | Mame

User Klemme.zmi

User MeasureIntDefault, zmi
User MeasurelntFactory, zmi

User MeasurelntTest.zmi
< k]

[ [s]4 ] [ Cancel ] [ Apply ]

Loading a measurement program
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The desired program can be selected from a list of existing programs. You
can also use the Measure = Interactive Measurement Programs =
Define function to load a measurement program. The advantage of this is
that a loaded program is also displayed in this function. However, if a
measurement program is to be automatically loaded and executed within
the context of a Commander script, the function for generating programs is
not suitable.

When the measurement program has been loaded, you can start it via the
Measure = Interactive Measurement Programs = Run function:

M nteractive Measurement Features Setting

Measurement

Click Start for & new measurement sequence. Apply the tools to pour image. The tools will be applied in the specified order. Click Pause to halt the
sequence e.g. to delete measurements. Go on with Continue. The Stop buttan stops the current sequence. Click Start for the next sequence.

[ Start J[ Pause “ Stop ] s o0 6 0 0o 0o 0o s oo e 0o oo oo .H"‘P‘.'a‘.

Tool 1)1: Aligned Rectangle

# | Tool Feature walue
B 1 Aligned ... Area[Pixel?] 14145.00
Z  Aligned ... Area[Pixel:] 129z1.00

i
=

Pixel 500

Executing a measurement program
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11.2 AutoMeasure (Automatic Measurement)

General

The process of measuring interesting objects in an image automatically is
closely linked to the rapid development of the hardware sector. Without this
development it would take a huge amount of time to perform these
measurements (which can involve several hundred images in some cases).

Thanks to the performance of modern PCs, it is now possible to use
increasingly complex functions for image analysis, and to perform an
automatic evaluation.

The term automatic measurement is understood to mean, in particular, the
automatic recognition of interesting objects. In contrast to interactive
measurement, it is no longer necessary to use the mouse to outline the
objects to be measured in the image. The objects can be recognized
automatically on the basis of their brightness and/or color and other
descriptive parameters (shape, size etc.).

An automatic measurement usually consists of the six steps briefly listed
below. These steps represent the general sequence of an image analysis
procedure. They are in no way specific to AxioVision, and should always be
carried out in this or a similar form.

1. Image acquisition

Image acquisition is — besides segmentation — the most important step
within image analysis. It is only during image acquisition that you have all
the original data available. Image information that is poor or, worst of all,
incorrect prevents you from achieving accurate measurement results. This
can even lead to a situation in which a sample that should be simple to
measure from an image analysis perspective is no longer analyzable, as
the system can no longer recognize the objects to be measured. In such
cases you have to revert to interactive measurement.
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Information that is not acquired during image acquisition is very difficult to
reconstruct during image enhancement. In many cases this is not possible
at all. You must therefore take advantage of all of the technical possibilities
offered by your microscope and camera during the preparation of the
sample.

Often there is room for improvement with regard to sample preparation.
You need to be self-critical, and check whether the quality of your samples
could be improved.

2. Image enhancement

In general terms, it is possible to distinguish between two different
application situations:

The optical enhancement of an image helps the user to correctly interpret
the accuracy of the solution suggested by the measurement system. This
includes enhancement of the brightness and contrast, and also gamma
correction. Enhancing the quality of the image from an optical perspective,
however, has no influence on the quality of the recognition results.

Functions for data extraction allow you to enhance recognition
performance (segmentation) in such a way that, under certain
circumstances, images can be measured automatically even when the
image quality would lead you to assume otherwise. These functions
include, for example, the elimination of illumination errors (shading
correction).

3. Segmentation

Segmentation is the key to a correctly functioning automatic measurement.
This process involves having the interesting objects determined
automatically by the measurement system, and separated from the regions
that are not to be measured (the image background). Initially this takes
place on the basis of brightness or color information. Reference objects are
outlined or highlighted in the image using the mouse. AxioVision then
recognizes all other objects independently.
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It is also possible to directly select the thresholds for the brightness or color
ranges that represent the objects using the distribution of the brightness or
color information (histograms). However, this requires a certain amount of
experience.

The result of segmentation is a "measurement mask", which is represented
internally by a so-called binary image. This mask conceals the background
regions using black pixels, and shows the objects to be measured as white.
You will only come into contact with this measurement mask indirectly.
AxioVision shows it as a color image superimposed over the original
image.

. Processing the measurement mask

A measurement cannot be performed until the objects to be measured, and
only those objects, have been correctly recognized. Sometimes, however,
this is not possible. Artifacts that you do not want to measure may also be
acquired, or objects may be touching and may not therefore be recognized
as individual objects by the system. These must then be separated before
proceeding.

Typical processing steps therefore involve the deletion of artifacts, the
filling of gaps in objects and the automatic separation of objects. In difficult
cases, subsequent interactive processing (deletion, separation, additional
drawing in of objects etc.) may also be required.

5. Measurement

During the measurement, the selected parameters are determined by
AxioVision and saved in a results file. Two types of file are distinguished:
files for so-called region specific and field specific image data.

» Region specific image data are measurement parameters that are
determined for every individual object (an image region). These are,
for example, the area, circumference and shape of the object in
question, or even its densitometric values, such as the average gray
value. The measurement results are written within the results file in the
form of one line per region or object.

AxioVision User's Guide, Release 4.7 11-7



Modules - AutoMeasure (Automatic Measurement)

» Field specific data are measurement parameters that are determined
for the entire image field. These are, for example, the number of
objects, or the percentage of the entire image area represented by all
the objects present, etc. Field-specific measurement results lead to
one line per image in the results file.

6. Evaluation

Before you can actually make a statement about the image using the data
for the images or objects in which you are interested, this data needs to be
evaluated. As a wide range of special evaluation programs, such as
Microsoft Excel, are now available, AxioVision itself does not feature any
evaluation functions. The data are made available in Excel format, and can
therefore be evaluated in the environment you are familiar with.

In addition to the pure measurement data, image documentation should
also always be used to make clear which objects were used to determine
the measurement results. AxioVision gives you the option of displaying the
objects, e.g. by outlining their contours, and the measurement results
directly in the image.

The concept of the AutoMeasure module

The concept of the AutoMeasure module is based on Carl Zeiss’ many
years of experience in the field of automated image analysis. It has become
clear that in most cases only a small proportion of the range of available
functions are actually required and employed. The aim was to arrange
these functions in a way that was simple to operate and would also allow
less experienced users to perform fast and accurate measurements.

As with automated analyses you are usually not just measuring an
individual image, but in some cases are analyzing a very large number of
images, the interactive execution of individual steps via menu functions or a
workflow is often not a realistic option. Nevertheless, with the AutoMeasure
module you have the option of measuring “just” one image quickly and
efficiently (further information on this will be provided later).
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The two points touched upon — "Complex technology, simply packaged"
and "Analysis of large numbers of images" — are reflected by the structure
of the AutoMeasure module.

The module therefore consists of two parts:

» The Automatic Measurement Program Wizard allows you to
generate automatic measurement programs quickly and simply.

» The function for the Run Automatic Measurement Program allows
you to execute a program you have generated for any number of
images. It makes no difference whether these images are acquired via
a camera or are already present as files.

NOTE:

e At this point, we should emphasize that the AutoMeasure module is not
suitable for resolving every conceivable measurement task. It is
intended more as a tool to simplify your everyday tasks.

e More complex applications are possible using the AutoMeasure Plus
module. In this module the full range of image analysis functions are
available via the AxioVision menus, and can be freely combined. You
can therefore even realize exotic applications, although this requires
the person generating the program (not the actual user of the program)
to have some knowledge of the background to digital image analysis.

The wizard for generating measurement
programs

The Automatic Measurement Program Wizard leads you step by step
through the individual stages of digital image analysis (please also read the
"General" section earlier in this chapter).

Start it by loading an image from the hard disk or acquiring an image over
the camera and afterwards execute the Automatic Measurement
Program Wizard function on the Measure menu. Further information on
the individual steps, and the functions and functional parameters used, can
be found in the online help by pressing the F1 key.
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The following functions are available in the individual steps:

Program management

Program management gives you an overview of the measurement
programs available, and a brief description on them individually:

: Automatic Measurement Program Wizard P [= 1)
Measurement Program Management

Salect an avisting program bo madfy or delehe it or craste raw program and start bo sehup the parsmatars

| Measurement Program Managemerit

Progiam:
SmrpePatickMessuenentaml %

Descrption

[Type the description]

el

< Back Mest > I Cancal

Program overview with brief description on the selected program

NOTE:

e The measurement programs are saved by default in the folder "My
Documents\Carl Zeiss\Data\Automatic Measurement Projects".
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Image enhancement

For optical image enhancement, functions are available for brightness

adjustment, contrast enhancement and gamma correction.

i Automatic Measurement Program Wizard

Brightness, Contrast and Gamma value

Erighiness, cankrazt and gamma corechion can be adisted by changing the aporopriste scrolbar, “keset” activates the defalt sattings for all parameters,

=lolx|

| Brighitriass, Contrast and Gamma vakie

~ Brighimexs. Contrast and Gamma value ——

Biighinass [o5 " 4f#)
Contizet Iw_ﬂd
Garss e

FF Ewecuts T Intesactive

< Back, Nest » Cancal

Enhancement of brightness, contrast and gamma value

To improve recognition performance, images can be smoothed (Sigma

filter), illumination errors corrected (Shading correction), and object edges
sharpened (Delineation).
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Segmentation

Segmentation is probably the most powerful function of the AutoMeasure
module.

+ Automatic Measurement Program Wizard

=l x|
Segmentation
In thiz shep you define, which cbiject: thould be meazured, Smply dick inzide an object or draw an cutine sround a referance region. “Rezet” achrestes the default seltings for all parsmater:.
Segmentation
S T B L o
© Singe cbiect:
= Entre imoge
Okbject Delirition: =
& Cick " Outfine i
Click. 5:
Taleiance 5 4l -
p—
EdgeSize | &
— :
Lo Resel vy | e | |
Phases / Chanrels |
EURC R A A A -

[ I T

¥ Phases may overlap

§:
¥ Togge phases / charnels |
I% Show al phases / channels e
At |
I
¥ Ex [ Iresractive ¢ Back. | Nest 5 Cancal

Dialog for image segmentation

Here you can separate the objects to be measured from the background
simply by clicking on or outlining reference objects. Select whether you
want individual objects only, or the entire image, to be segmented.

With multidimensional images, you also have the option of performing
segmentation separately for each channel of a multichannel fluorescence

image. If "normal” gray level or color images are used, up to eight different
phases can be defined (in place of channels).
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Processing the measurement mask (binary image
processingl

In most cases, the measurement mask generated during segmentation has
to be processed subsequently to ensure that only the objects you actually
want to measure are highlighted.

 Autamatic Measurement Program Wizard =0l x|

Interactive Processing of the Measurement Mask

Separale objects by draving separatian lines. Gbjects can be delebed by chcking inside an obiedk o drawing a reclangle around the obiectz, Mot akready segmented objects can be added interactively,

| sreeractiva Pracesang of the Measurerant Mask |

[ Phases / Chanrels-

(N JRE o O
" Draw separation Ines |
" Dalete Dbiects EE .
& add cbjects :

e & '

& Outine © Cicle

© Rectange T Eligse ] '

§.

rr :
EE
g
®
DOa.asva
F Ewecuts ¥ Interactive ¢ Back. Neat » Cancal

Step for interactive correction of the measurement mask

The measurement wizard therefore contains a function for the automatic
separation of touching objects (Erosion/Dilation, Watersheds) and for the
subsequent interactive processing of the mask (drawing in separating lines,
deleting and adding objects).

Both steps start with a function for eliminating artifacts and for filling gaps
("cleaning" of the measurement mask).
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Measurement

The actual measurement procedure consists of several steps. These are
used to define how the measurement should be carried out in detail.

o s 4 s o e e s ] ek

| bt o st G |

il ) ] i e

Definition of a measurement condition ("object filter”)

The individual steps

» Determination of region-specific (individual objects) and field-specific
(entire image) measurement parameters.

» Definition of the way in which the measured objects should be
highlighted in the resulting image at the end of the measurement
(contour, measurement parameters etc.).

» Generation of a measurement condition. This defines the conditions
that an object must satisfy in order to be measured. This is a kind of
"object filter", which can be used, for example, to specify that only
objects within a certain size category should be counted.

» Definition of a measurement frame, which is used to specify how
objects that are cut off by the image edge, and are therefore likely to
distort the measurement result, should be handled.
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Evaluation

In the final step, AxioVision shows you the image with the objects selected
for measurement again. Here you can make any final changes, e.qg.
deleting individual objects by clicking on them.

: Automatic Measurement Program Wizard =101x]
Measurement

Mo e imarge iz messured. Fou can faly delete single objects by cicking inés the objects, By cicking nswde an object sgan ¥z reackvated

| Measurement |

RN R i o T

¥ Select al

(mogeNa.. | FloCount FiléreaP
P rowndayi 18 0

round zvi " 2811
[" roundzvi 2 2
roundzvi 13 sme
rowndan u o mn
round zvi 1§ aw
roundzvi ® 1Tess

W Evecule [V Interacive

The measurement data are saved at the end of the measurement in so-
called CSV format (Comma Separated Values).

This is a pure text format that separates the individual values from one
another using special text symbols. The specific country settings that have
been set in the Microsoft Windows control panel apply.

Files in CSV format offer two advantages: on the one hand, they are a
special Microsoft Excel format, and can be opened and processed directly
by that program. On the other hand, as the files contain pure text data, you
can import the data into practically any other program.
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Executing measurement programs

Once measurement programs have been generated, they can be applied to
any number of images for series analyses. To do this, start the Run
Automatic Measurement Program function from the Measure menu.
Further information can be found in the online help by pressing the F1 key.

Run Automatic Measurement Program

x|

| Run Automatic Measurement Program ‘

Frogram | SirupleParticlebeasurement sl

- Image Acquisition

" Camera
= Folder
" Open images

i~ Image From HD

Falder [T \Documents and Settingsskaind i\ Desktop ||

File: I".zvl Zeiss Yision Image

=

Image prefi |round"

Automatic W

Files taund 2vi
round? zvi
round2.zvi

M t data

¥ Append

Folder SimpleFarticleMeasuiement csv

- Sealing

[ Apply Scaling From the Image:

Scaling file  Epiplan Sx.zvsc

Execute I Clase

Function for executing measurement program

NOTE:

e As the tables of measurement results are available at the end of the
measurement wizard, the wizard can also be used to measure an
individual image. A useful feature is that rather than a new
measurement program being generated each time for this purpose, an
"auxiliary program", which always has the same name (e.g. "individual
image measurement"), is used.
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11.3 AutoMeasure Plus (Advanced Automatic
Measurement)

General

While the AutoMeasure module has been designed primarily with ease of
operation in mind (which naturally means that concessions have to be
made in terms of flexibility), the AutoMeasure Plus module aims to offer
unlimited possibilities for use.

A certain amount of knowledge of the procedure used for image analysis
measurements is required in order to use these functions. You should
therefore make sure that you also read the "General" section under 12.2
"AutoMeasure (Automatic Measurement)" as an introduction, before you
start working with the individual functions of the AutoMeasure Plus module.
There you will find important background information on the principal
procedure used for measurements.

The concept of the AutoMeasure Plus module

To offer you as much flexibility as possible, all of the functions available
within the context of measurements can be accessed individually via the
Processing and Measure menus. By way of comparison, the respective
functions in the AutoMeasure module can only be activated via the wizard.

In general, there are two ways in which you can automate measurement
procedures:

The first step involves specifying the operations that you want to be
performed during the actual measurement. This means that you need to
define the measurement properties (see also the section “Working with the
functions for automatic measurement”). In this step you need to answer
questions including:

» Which parameters do | want to be measured?
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» How do | want objects that are no longer fully visible in the image to be
handled?

» Do | only want objects that satisfy special conditions to be measured
(e.g. objects with an area between 50 and 100 pm?)?

During the definition of these settings you are supported by a wizard. Once
you have defined properties, it is then possible to save them for routine
measurement and simply reload them as required. This also takes place
via the wizard. A separate function allows you to test the measurement
properties before performing the measurement.

The second step simply involves performing the measurement on the basis
of the properties you have defined.

In general, there are three ways in which you can automate measurement
procedures:

» Call up the individual functions via workflows or toolbars (see also
section 9.4 "Adapting the User Interface").

» Create scripts with the Commander modul (please read also Chapter
13.1 "Commander").

» Generate applications via the VBA module (see also section 13.2
llVBAll)‘

Working with the segmentation functions

The individual steps in the following examples can also be practiced using
the original images that were employed. The sample images are installed
in the AxioVision folder. By default this is the folder "C:\Program Files\Carl
Zeiss Vision\AxioVision4\0007\Templates\Images". If an image is not
present in that folder, please load it from the AxioVision Viewer CD.
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Dynamic segmentation

Dynamic segmentation is particularly useful for detecting fine structures
against a varying background in cases where an optimum result cannot be
achieved using threshold value segmentation.

It is, however, also suitable for images with inhomogeneous illumination.
The Dynamic function employs a smoothing filter internally. This is used to
balance out uneven brightness, or gray value fluctuations, in the
background.

The following example explains step by step how to perform dynamic
segmentation.

» Load the image "SAND.zZVI"
from the menu File = Open
Image or acquire an image
with the camera.

» The image is displayed in
AxioVision’s image window.

Pixel 400 0

Select from the Processing menu the Segment functional group, and then
the Dynamic function.

AxioVision User's Guide, Release 4.7 11-19



Modules - AutoMeasure Plus (Advanced Automatic Measurement)

> You will now see the dialog ]
Wlnd_ow of the Dynam|C v Automatic Preview Stop |
function. : o

» If the Automatic Preview
check box is activated, the
reduced input and output
images appear.

w [ryniarmic |
> Set the value 63 for Size and Parameters
the value 0 for Offset by CreateNew oif =
clicking on the arrow keys, or Input SAND.TIF | |
by entering the values directly. Hutput Dynamio T hresholdimage
Set Binary to On. [~ Enable channe! selection

» Click on OK to close the

dial Parameters

lalog. |
Offset 0 400 .
Binary On I

» The resulting image provides a
satisfactory segmentation
result.

» Although the original image
exhibited inhomogeneous
illumination, no shading
correction was performed in
advance.

FPixel 400

» The uneven brightness in the
image is compensated for by
the dynamic segmentation.
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You are now able to process the binary image further. Now select from the

Processing menu the Binary functional group, and then the Bin Open
function.

> You will now see the dialog x|
window of the Bin Open ¥ Autornatic Preview

function.

» If the Automatic Preview
check box is activated, the
reduced input and output
images appear.

% Ein Open |
» Set "Octagon" for Structuring
wan CreateMew ulij I
Element and the value "1" for Input DynamicThiesholdme |
CO unt. Output BinDpenlmage
. ™| Enable channelselecti

> Click on OK to close the B

dialog.

Parameters

Shucturing Element Octagon

[
Count 1 1 I >|

» In the resulting image, the
detected objects have been
smoothed, and small particles
removed.

g
2
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Automatic segmentation of a fluorescence channel in
a multichannel z-stack image

If you want to detect structures in a multichannel z-stack image, functions
are available that take the entire z-stack into account, or all of the channels
in full or on a selective basis.

As the individual channels clearly differ in terms of colors and structures,
here it is possible to make settings on a channel-by-channel basis. The
specific settings for the z-stack do not have to be entered separately for
each individual image. A setting made for an individual image is applied to
all the images in the stack, and therefore provides a very fast detection
result.

The automatic segmentation of an image is based on the automatic
detection of local minimums in the image’s gray value distribution. The
Automatic function uses these minimums as thresholds in order to
separate the structures to be measured from the background. This means
that entering thresholds manually, as in the Threshold function, is not
necessary here.

Often only certain structures, present in just one fluorescence channel, are
of interest (e.g. cell nuclei). In a multichannel z-stack image, each
channel’s z-stack always has the same number of sections. In some cases
the structure to be measured may not extend over the entire stack.

Setting the Subset therefore allows you, in the case of a multichannel z-
stack, to choose selectively between individual channels or sections.

The following example explains step by step how to segment selected
sections of a fluorescence channel in a multichannel z-stack.
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» Load the image
"Hela_DsRed_RevGFP.zvi"
from the menu File = Open
Image or acquire an image
with the camera.

» The image is displayed in
AxioVision’s image window.

Now select from the Processing menu the Segment functional group, and
then the Automatic function.

> You will now see the dialog i automatic %]

wind<_)w of the Automatic [ Automatic Froview S|
function.

» If the Automatic Preview
check box is activated, the
reduced input and output
images appear.

L &
> Click on Subset to enter the

CreateMew O A

specific settings in the Select Input Hela DeRed FovGriM
Subset window. Output AutomaticThreshoIdIm:

[V Enable chanrel selection

Binary On
Irvvert O

RAKE

AxioVision User's Guide, Release 4.7 11-23



Modules - AutoMeasure Plus (Advanced Automatic Measurement)

» Activate only the channel that
you want to be segmented
(channel 2 in the example).

» The first 5 sections contain
hardly any structures, and
should not be taken into
account during segmentation.
Deactivate these sections by
clicking on them.

» Activate the Copy selected
items only check box, so that
only the selected channels and
sections are segmented and
click on OK.

» In the Automatic dialog
window, click on OK to close
the dialog.

» The resulting image is a binary
image that contains only the
selected sections of channel 2.
This image can be used as a
mask for automatic
measurement.

Edge detection

|
i

Soectol | Unissctal |

DEEYUEYNEUEEUAD |}

Seectal | Unosectat | Seectal | Uncscta

7 Copy selncind s crlp

Subzet=0n
Subset | Reset |
0K | Cancel | Apply |

5 AutomaticThresholdIimage 1 *

o m a E
[ (T (P |

=1olx|

-
=

3-

In many images there is no clear distinction between the objects and the
background. The objects lie very close together, and are separated from
each other by brighter or darker contours. In such cases, threshold value
segmentation does not usually produce a satisfactory result, as the
contours exhibit significant gray value fluctuations. For these kinds of
images, edge detection offers a possible solution.
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Imagine an image as a gray value mountain range, where the valleys are
formed by dark gray values, and the peaks by bright gray values. In the
following example, the Valleys function is used. This detects dark edges
(gray value valleys) between bright regions.

Before the edges are detected, smoothing is performed. This is determined
by the Sigma parameter. A high value for Sigma means that strong
smoothing is performed.

As arule, the edges are not uniformly dark, and brighter edges (weakly
pronounced valleys) and darker edges (strongly pronounced valleys) are
present. The detection of the edges can be controlled using the Threshold
parameter. A low value for Threshold excludes bright edges. The higher
the value for Threshold, the lower the number of edges detected. The
value is normally set at a low level, to ensure that any artifacts that are also
detected are removed.

NOTE:

¢ Please note that the setting of the value for Threshold depends on the
image’s pixel type. A value of 0.00001 for Threshold corresponds to a
gray value in a 16 bit image (1/65536). In the case of an 8 bitimage, a
gray value corresponds to a value of 0.03 (1/255). This means that with
16 bit images, very low values are sufficient, whilst with 8 bit images,
the value has to be set correspondingly higher.

If you have images in which dark objects are separated from each other by
bright contours (edges), we recommend that you invert the image before
using the Valleys function. To do this, use either the Negative function
from the Contrast functional group, or the Not function from the Binary
functional group.

If a color image is used as an input image, you should split the image up
into its individual color channels before or after executing the Valleys
function (Utilities functional group, Split Channels function), process
these channels separately, and combine them as an individual binary
image again, before the measurement (Binary functional group, Or
function) is performed.
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The following example explains step by step how to detect these contours
(edges) in an image that contains bright structures separated by dark
contours.

>

Load the image "Steel-
banding.zvi" from the menu
File = Open Image or acquire
an image with the camera.

The image is displayed in
AxioVision’s image window.

Select from the Processing menu the Segment functional group, and then
the Valleys function.

> You will now see the dialog x|
window of the Va”eys [V Automatic: Preview St
function. [
» If the Automatic Preview
check box is activated, you will
see the reduced input and
output images. % vty |
> Set the value 1.5 for the E::;e::'s o —
parameter Slgma by CliCking Inpt Steel-banding.zvi B
on the arrow keyS, or by Output Wallewslmage
enterlng the Value dlreCtly' ™| Enable channel selection
» Set the value 0.03 for
Threshold by entering the Parameters .
value directly. Sl 19 i
» Click on OK to close the
dialog.
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> The resulting image shows the
detected edges, but also N ‘ g,
numerous small structures
(artifacts) that have also been
detected.

Select from the Processing menu the Binary functional group, and then
the Bin Scrap function.

» You will now see the dialog X
window of the Bin Scrap [T e —

function.

» If the Automatic Preview
check box is activated, you will
see the reduced input and
output images.

% Ein Scrap |

> Set the value 1 for the EEE"T“:tB"‘E o
. reqleMNew hd
parameter MinArea and the | —
npuk Walleyslmage =
value 50 for MaxArea by Dutput BinScraplmage

clicking on the arrow keys, or
by entering the values directly.

™| Enable channel selection

> Click on OK to close the Parameters
dialog. Mindrea 1 ]
Maxtrea L] Ak .

Falze

| 4
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> In the resulting image, the
artifacts have now u ' g,
disappeared. A comparison
with the original image,
however, shows that some of
the detected edges contain

gaps.

> In order to measure the image
correctly, the edges of the
objects (regions) to be
measured must be closed.
Using the watersheds function,
it is possible to reconstruct
them, so that they form
complete contours.

Performing binary image processing

Processing a binary image (smoothing, removing
artifacts, filling gapsl

If you want an image to be measured automatically, you must first perform
segmentation. This produces a so-called mask (binary image). Frequently
the binary image is not perfect, and can only be used for measurement
following further processing. During segmentation, incomplete or
superfluous structures (gaps, peripheral regions or other structures) are
often detected. Special functions are available for processing such
structures.

The following example explains step by step how to process a segmented
image morphologically, and thereby optimize it.
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> Load the image "Cat- =01 x|
Cerebellum(1300).zvi" from | ' R I T
the menu File = Open Image | o
or acquire an image with the
camera.

» The image is displayed in
AxioVision’s image window.

Now select from the Processing menu the Smooth functional group, and
then the Gauss function.

> You will now see the dialog [Acauss x|
window of the Gauss function. ¥ Automatic Freview Stop |

» If the Automatic Preview
check box is activated, the
reduced input and output
images appear.

> In places the image contains i‘}&“ss |
inhomogeneous structures, iraemneEe
hich make segmentation Createhew i [
whie I3 9 . Input Cat-Cerebellurn(1300]. .. |
more difficult. For this reason Dutput Gawssimage

the image is smoothed in
advance using a Gauss filter.

I”| Eniable channeliselection

» Set the value 5 for the Parameters
parameter KernelSize by Kemetsi= K Al

clicking on the arrow keys, or
by entering the value directly.

> Click on OK to close the
dialog.
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» Now select from the Processing menu the Segment functional group,

and then the Segmentation function.

» You will now see the dialog
window of the Segmentation

function.

> Set CreateNew to Off. Under

Inputimage select
Gausslimage.

» Click on OK.

Segmentation x|

%Se mentation |

CreateM ew O

b
Inputimage G auzzlimage
Outputimage Segmented mage

» You will now see the dialog window with the Segmentation function.

+ Interactive Execution - SingleSegrent ation.oml

MY R R A e J
£

[ Phaves may ovedap.

¥ Togge phases / channels
[ Show ol phuns / chanemiz Advancad 3y

[ Be syt inteeactivg
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The result of segmentation is a "measurement mask", which is
represented internally by a so-called binary image. This mask conceals
the background regions using black pixels, and shows the objects to be
measured as white. You will only come into contact with this
measurement mask indirectly. AxioVision shows it as a color image
superimposed over the original image.

» Click on OK. The resulting image is displayed in the image window.

® SegmentedImage *

] am am | 500 a0 won o

o [=[ 3]

Separation and/or reconstruction of structures using
watersheds

Often the image structures that you want to measure are present in the
form of agglomerates, or are positioned very close together, which means
that separation is required following segmentation. If only the object
contours have been detected, these are frequently incomplete, and need to
be reconstructed to form complete contours.

If conventional separating functions (combination of Bin Erode and Bin
Dilate or Exoskeleton) fail to produce a usable result, the watersheds
function can be employed.
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In the segmented image it is necessary, first of all, to perform smoothing
(using Lowpass, Gauss or Median), in order to eliminate excess
structures and structures that are too small. Smoothing can, however, also
take place prior to segmentation.

Distance transformation (Bin Euclidean Distance) is then used to
generate a distance map from the smoothed binary image. The distances
of the white regions from the black background are coded as gray values in
the resulting image. Bright gray values in the distance map indicate a large
distance from the object.

An image can be regarded as a gray-value landscape, with valleys (dark
gray values) and hills (bright gray values). In the distance-transformed
image, the regions have to be the valleys, in order for the watersheds
algorithm to function. The Watersheds function floods the valleys, and
marks the places where the water masses flow together. These are then
identifiable as separating lines or reconstruction lines.

The following example explains step by step how to generate separating
lines using watersheds.

» Use the resulting image from
the Edge detection example
in the previous section, or
generate a similar image.
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Select from the Processing menu the Smooth functional group, and then
the Lowpass function.

» You will now see the dialog (& Lowpass x|

window of the Lowpass
function.

W Automatic Preview

» If the Automatic Preview
check box is activated, the
reduced input and output
images appear.

» Set CreateNew to Off, so that i# Lowpass |
you can select the images P
freely. CreateMew 0t ll
Input BinScraplmage _I
> If you click on the _I button in futput Lowpassimage
the Input field, the image ™| Enable channe! selection
gallery appears. Select the
original image by clicking on it.
Parameters
> Set the value 5 for KemelSize |5 ] e
KernelSizeX, KernelSizeY KemnalSizer |5 ]
and Count by clicking on the 5 P =
arrow keys, or by entering the
value directly.
» Click on OK to close the
dialog.
Subset=ff

Siubzet | Feset |
0K | Cancel | Apply I

4
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Select from the Processing menu the Binary functional group, and then

the Bin Euclidean Distance function.

» You will now see the dialog
window of the Bin Euclidean
Distance function.

> If the Automatic Preview
check box is activated, the
reduced inputand output
images appear.

» Click on OK to close the
dialog.

- Bin Euclidean Distance

[V Automatic Preview

3 Bin Euclidean Distance |
Createlew [ul] ﬂ
|nput Lowpazslmage J
Output BinEuclideanDistancelmage
Subzet=(tt
Suibset | Fezet |
0K | Cancel | Lpply I

2
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Now select from the Processing menu the Morphology functional group,

and then the Watersheds function.

» You will now see the dialog
window of the Watersheds
function.

» If the Automatic Preview
check box is activated, the
reduced input and output
images appear.

» Select under Basins the Off
setting.

» Click on OK to close the
dialog.

Y& watersheds

W Automatic Preview

E ‘Watersheds |

Createtew

Input

Output

)it hd
BinEucIideanDistanceImage;I
' atershedsimage

I~ Enabile chanmel selection

Basins i d|
Sibzet=M0tF
Siubzet | Feset |

0K

Cancel | Apply I

4
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> The resulting image now
shows the reconstructed =
separating lines.

» A comparison with the original
image clearly shows that
incomplete separating lines
have been completed, and
superfluous structures
removed.

» A comparison with the original
image shows that unclear
object contours can be
detected very effectively using
Watersheds.

» If the resulting image is to be
used as a mask for measuring,
it must first be inverted using
the Not function.

Masking structures/Using Boolean functions

Images often contain structures with varying brightnesses or colors, which
are detected over several segmentation steps. In some cases, the binary
images produced have to be combined in order to join together or mask
structures. Boolean operations are available for this purpose.
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The And function can be used to mask structures, whilst the Or and Xor
functions are better suited to combining structures. Frequently an inverted
image is required, which can be generated using the Not function.

The following example explains step by step how to mask or combine
structures from various binary images.

> Use the segmentation _m il .0
functions to generate three B
binary images in which various
structures have been detected.

» The example uses a
metaphase image, from which
the DAPI channel, the FITC
channel and the Rhodamine
channel have been detected in
three separate steps.

[l 0o 20 300 m

E T 100

Fixel 400

8] FISH_RHO_BIN.BMP

100 |
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Now select from the Processing menu the Binary functional group, and
then the And function.

> You will now see the dialog ErE X

window of the And function.

V¥ &utomatic Preview

» If the Automatic Preview
check box is activated, the
reduced input and output
images appear.

> Set CreateNew to Off so that 3 and |
you will be able to select the N
images freely later. Createhlen O -
FISH_DAPLBINBMP o]
> If you click on the L button in Inpuiz FISHFITC BINEMP I
the Input field, the image Dutpt Andlmage
gallery appears. Here select
the image in question by
clicking on it. Select different
binary images for Inputl and
Input2.
» Click on OK to close the
dialog.
Subzet=IIff

Subzet | Rezet |
QK | Cancel | Apply I

4
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> The And function only masks

structures that are present in —
both images.

» As, in the sample image, the
FITC structures lie directly on
top of the DAPI structures, the
resulting image is identical to
the FITC binary image.

Now select from the Processing menu the Binary functional group, and
then the Or function.

» You will now see the dialog EfE

window of the Or function. ' Automatic Preview

> If the Automatic Preview ]|
check box is activated, the o
reduced input and output Q|
images appear.
. N . baor |
» If you click on the button in EE——
the Input field, the image CreateMew  Off =
gallery appears. Here select InpLtT FISH_RHO_BINBMP |
the image in question by FSH_FTC_BIE =
ikl fmage

clicking on it. Select different
binary images for Inputl and
Input2.

» Click on OK to close the
dialog.
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> The Or function masks

structures that are present in -
either one image or the other.

» In the sample image, the FITC
structures and the Rhodamine
structures are in different
positions. Both types of
structure appear in the
resulting image.

Now select from the Processing menu the Binary functional group, and
then the Xor function.

» You will now see the dialog EETE

window of the Xor function. [ Automatic Preview

> If the Automatic Preview
check box is activated, the
reduced input and output
images appear.

E %Xor |
» If you click on the button in Parameters
the Input field, the image Ciestelew  Dff |
gallery appears. Here select Ash_DapLBiNene [
the image in question by Input2 Orimage .|
Output Horlmage

clicking on it. For Input2 select
the resulting image of the Or
function, and for Inputl
another binary image.

» Click on OK to close the
dialog.
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» The Xor function masks as
black any structures present in
both images. Any white
structures that do not overlap
also appear as white in the
resulting image.

» In the sample image, the FITC
and Rhodamine structures lie
directly on top of the DAPI
structures. Structures in the
resulting image therefore
appear as gaps in the DAPI
image.

100

N

Fixal 400

Now select from the Processing menu the Binary functional group, and

then the Not function.

» You will now see the dialog
window of the Not function.

» If the Automatic Preview
check box is activated, the
reduced input and output
images appear.

» If you click on the IZI button in
the Input field, the image
gallery appears. Here select
the image in question by
clicking on it. For Inputl,
select any binary image.

» Click on OK to close the
dialog.

[V Automatic Preview

e ot |
Parameters
CreateMew uli; I
FISH_D&PI_BIN EMP L]
Output Motlmage

AxioVision User's Guide, Release 4.7

11-41



Modules - AutoMeasure Plus (Advanced Automatic Measurement)

> The resulting image now

shows all white structures as
black, and vice versa.

Working with the Functions for automatic
Measurement

Generation of Measurement Properties Files and
Measurement

The generation of a properties file consists of several steps. These are
used to define how the measurement should be carried out in detail.

This requires a correct measurement mask (binary image). See previous
chapters on how to generate a binary image.
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» Select the function Set

Measurement Properties from the

menu Measure = Automatic
Measurement.

» For Masklmage select the binary

image and for Denslmage the
original image.

> Click OK to start the function.

Measurement Properties Wizard

&lap

Ql

zf/ Measurement Properties Wizard |

Parameters
Denzlmage TUTORE.EBMP
B

X

J
LJ

[ oK ] [ cancel | [ Apply ]
Measurement Properties Wizard |:|@E]
RegionFilter
Frame
General
[ext = o] ] [ Cancel
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The individual settings:

>

You can determine region-specific (individual objects) and field-specific
(entire image) measurement parameters within Region Features or
Field Features.

You can define the way in which the measured objects should be
highlighted in the resulting image at the end of the measurement
(contour, measurement parameters etc).

Under RegionFilter you can generate a measurement condition. This
defines the conditions that an object must satisfy in order to be
measured. This is a kind of "object filter", which you can use, for
example, to specify that only objects within a certain size category
should be counted.

Under Frame you can define a measurement frame, which is used to
specify how objects that are cut off by the image edge, and are
therefore likely to distort the measurement result, should be handled.

NOTES:

You can load the settings of already existing properties files by the
Load button on the first page of the wizard. Finish the wizard by
clicking on the OK button. You can now proceed directly with the
measurement.

To load a property file for a measurement within a Commander script,
please use the Measure = Automatic Measurement = Load
Measurement Properties function.

11-44 M 60-4-0004 e / printed 05.2008



Modules - AutoMeasure Plus (Advanced Automatic Measurement)

» After you have gone through
the Set Measurement
Properties (or loading the
properties directly from a file),
start the measurement by
selection of the function Start
Measurement from the
Measure = Automatic
Measurement menu.

» If you click on the E button in
the Input field, the image
gallery appears. Here select
the image in question by
clicking on it. For Input select
the original image and for
Masklmage the binary image.

» Click on OK to close the
dialog.

P [B 2

& Start Measurement |

Parameters

Denslmage TUTOREBMP (]
BV (]

Region-specific table ReqgionT able

Field-specific table FieldT able

ode Index v

Cancel | [

Apply ]

The measurement data are saved at the end of the measurement in so-
called CSV format (Comma Separated Values).

This is a pure text format that separates the individual values from one
another using special text symbols. The specific country settings that have
been set in the Microsoft Windows control panel apply.

Files in CSV format offer two advantages: on the one hand, they are a
special Microsoft Excel format, and can be opened and processed directly
by that program. On the other hand, as the files contain pure text data, you
can import the data into practically any other program.

AxioVision User's Guide, Release 4.7
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11.4 Calotte Grinding Measurement

General description

During the process of coating materials, quality is controlled by measuring
the thickness of layers in accordance with the DIN V ENV 1071 standard.
The Calotte Grinding Measurement module allows you to determine the
thickness of calotte section layers. To prepare the calotte section samples,
a grinding ball with a defined diameter generates a calotte-shaped hollow
in the coating of the sample. This results in circular or elliptical
indentations, the diameters of which are determined by drawing in
measurement circles. The layer thickness is calculated automatically from
the diameters of the measurement circles and the diameter of the grinding
ball.

Both single and multilayer samples can be measured. The measurement
results and sample information from the calotte grinding measurement are
displayed in an image and stored. A report containing the image,
measurement results and information about the sample can also be
produced.

Performing a calotte grinding measurement

Place the sample you want to measure on the microscope stage.
» Turn the nosepiece to the position with the desired objective.

> Now check that the calotte section is positioned correctly, and adjust its
position if necessary.

> Start AxioVision.

Clicking on the Calotte Grinding Mesurement icon o

et

opens the wizard. This will guide you through the C lakte Girie et arE
Calotte Grinding Mesurement.

You can also call up the wizard from the Applications menu = Calotte
Grinding Mesurement = Start Assistent.
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Describing the sample

The first page of the wizard is displayed: Sample description (Step 1 of
4). In the upper area, you will find a brief description of what you should do

Sample

Batch Mumber:| 0001
Coating Type:| test laver | New..
Date:| 1/27j2008

Diameter Ball [mm]:| 20

Comment: | This is 5 test,|

Available Scalingisy; &

Epiplani0x_2584_063x.2vsc
Epiplanz20x_2584_063x.2vsc
Epiplanz0zx_2xZbin_063x,2vsc
EpiplanS::_2554_063x,2vsc

in this step.

» Enter the sample data in the Batch Number field.

» New layer types can be entered
using the New button. The new
layer type will then appear
automatically in the list of layer
types.

» Select one of the available
scalings from the list in the
Available Scaling(s) field.

» New scalings can be generated

using the New button. The new
scaling will then appear

automatically in the scalings list.

EpiplanS:x:_2x2bin_063x, zvsc
Pizel.zvsc
testskalierung.zvsc

Mame: EpiplaniO:x_2x2bin_063%,2vsc
Factor ¥: 1,057 prnfPixel

Factor ' 1,057 umPixel

122 Mew, .

» Then click on the Next button in the bottom left-hand area of the

wizard.
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Opening an image

The second page of the wizard is displayed on the screen. Under the title
Open image (Step 2 of 4) you will find a brief description of what you
should do in this step.

» Click in the field Source: Camera the
button Live-Start to open the live
image window of the active camera.
Center the calotte section in the live
window and focus it.

=1 Live - Start

» Click the corresponding camera button
(in this case AxioCamMRS5) to open
the camera dialogue. Set the exposure
time by clicking the Measure button.

fin AxioCamMRS

» The click the Snap button to acquire
the active image. @ Snap

> If you would like to measure already Source: Harddisk
saved images, click the Open Image
button. You can open an image saved
on the hard disk or any other storage E-OF'E"' Image. .. ‘
medium.

» Then click on the Next button in the bottom left-hand area of the
wizard.
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Drawing circles

The third page of the wizard is displayed on the screen. Under the title
Draw Circles (Step 3 of 4) you will find a brief description of what you
should do in this step.

>

In the Method field, select the Single Method
Layer function (if the sample only has
one layer) or the Multi Layer function
(if the sample has several layers).

* Single Layer  © Mulki Layer

Click on the tool that you wish to use to perform the measurement:

Use the Circle Points or Circle tools
for circular indentations: ':}p,:,iﬂtg

If you use Circle Points, left-click on

several points on the edge of the

circle. Right-click to display the circle (7 Circle
calculated from these points.

If you use Circle, start from the edge
of the circle and move inwards,
holding down the left-hand mouse
button, to drag out a circle the same
size as the indentation.

Use the Ellipse tool for elliptical

indentations. Start from the edge of ¥+ Elipse
the ellipse and move inwards to drag

out a circle the same size as the

indentation.
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> The results of the measurement Results
(diameter and layer thickness) are Diameter 1 [um]: 654.11
displayed in the Results field. Dismeter 2 [pm]: 579.43

Result £ [pm]: 1.15

> Click on the Remove circles button if
you want to delete the circles that you
have drawn in. If necessary, start
drawing in the circles again.

> Remave Circles

> In the Attributes field, you can Attributes
change the Color and Line Width of
the drawn-in circles. To do this, select —_— -
the desired color or line thickness G v
from the relevant drop-down list box.

Color:

Line Width:

I Vl

> Click on the Magnifier button to
magnify individual areas of the image.
To do this, position the cursor on the
area of the image that you wish to
magnify. When you are dragging out
the circle, the magnifying glass can
help you to position the start point of
the circle extremely precisely.

j 2 Magnifier

> Then click on the Next button in the bottom left-hand area of the
wizard.
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Evaluation

The fourth page of the wizard is displayed on the screen. Under the title
Evaluation (Step 4 of 4) you will find a brief description of what you should
do in this step.

The results of the measurement are displayed together with the sample
data in the Results field.

>

Click on the Show Results in Image
button in the Annotations field to display
sample information and measurement
results in the image.

Show Results in Image

Select the desired color and font size for the Annotations from the
appropriate list.

Then click on the Save Image As button
to save the image in any directory on the & Save Image As...
hard drive or another storage medium.

The annotations are automatically burnt v ;
i i iti iz £ ko 5-bit
into the image when it is saved. To FEet
ensure that this takes place, make sure Burn-in annokations

that the Burn'in annotoations CheCk bOX Qppl-:l.- dlSI:IlEI':." mappings
in the Save Image As dialog window is

activated if the image is not being saved

in the Carl Zeiss ZVI image format.

Click on the Create button in the Report

field to see a preview of the report. You Jireate
can print out the report by clicking on the
Print button.

& Print...

Then click on the Finish button in the bottom right-hand area of the
wizard, to leave the wizard.
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Appendix A - Example of a Report

AxioVision Calotte Grinding Measurement

Evaluation

Batch Number: 0001

Coaling Type: test layer

Date: 127/ 2005

Diameter Ball [mm]: 20

Scaling [pum/ Pixel]: Epiplan10x_2x2bin_063x.zvsc

Bateh Numbar: D001 Difpm]: 654.11
Coating Type: test layer D2 pm]: 579.43
Date: 172772005

Dilameter Ball [mm]: 20

Comment: This Isa te

sk,

108 pm

Results (Single Layer):
Diameter 1 [pm]: 654.11
Diameter 2 [pm]: 579.43
Result t [pm]: 1.15
Comment: This is a test.
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11.5 Microhardness Measurement

General

The Microhardness Measurement module allows you to control an MHT
(microhardness tester), and measurements of the microhardness of a
sample. Detailed information on the MHT and its use and functions can be
found in the operating instructions for the MHT from Anton Paar GmbH.

To perform a measurement, you require (in addition to the Microhardness
Measurement module) a reflected light microscope with MHT controller and
MHT sensor.

Microhardness measurement is a method used to characterize materials
and their surfaces. An indenter (a sensor with a diamond tip) is pressed
into the sample with a certain force. The Microhardness Measurement
module requires the following three entries:

» Force in Newton (F).

> Dwell time in seconds: To avoid plastic deformation or shrinkage of
the material due to the sensor being removed too quickly, it is possible
for the diamond tip to remain in the sample for a specified period of
time.

» Slope in Newton/second: The specified slope determines how quickly
the applied force reaches the maximum value F from the moment of its
first contact with the sample surface. With fragile samples, low slopes
should be used to avoid microcracks.

The size of the indent is then measured, and the hardness calculated from
this:

Force applied
Indent size

Hardness =
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A force of a few Newtons is applied, producing indents of a few
micrometers. The form of the indent depends on the type of indenter used.

‘
lF '\-’.f\ Fl
“ N - d2
\\ / \..\/é # = =]
\_ &
A
¢
Vickers indenter Knoop indenter

In both cases, the size of the indent is determined on the basis of the
diagonals of the rectangle produced. The formulae for calculating Vickers
hardness and Knoop hardness are different, but produce the same
microhardness results.

The microhardness measurement results are presented in the following
form:

1200 HY 0,1/20 Dwell time in seconds

| | ™ | Force applied in Newtons
Method indicator (HV - Vickers, HK - Knoop)

Hardness value
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Workflow

MHT settings sets the parameters for the
microhardness tester.

Run indent starts the procedure for creating an
indent.

Live opens and closes the live window.

Snap acquires an image using the active
camera.

Measure allows you to interactively measure
the indent and display the results of the
measurement in the image.

Remove last deletes the last measurement
performed.

Remove all deletes all microhardness
measurements in the image.

Report generates a report consisting of the
measured image and the results of the
measurement.

Microhardness meazurement

MHT zettingz
I
Rur indent

EX

Live

Shap

b

M eazure

K

Remove last

X

Remove all

=

Report
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Performing a microhardness measurement

> Place the sample you want to measure on the microscope stage.
» Turn the nosepiece to the position with the MHT sensor.

> Now check that the sample is positioned correctly for the indent, and
correct its position if necessary.

If you click on MHT settings, the MHT Settings dialog
window is opened:

MHT zettings
MHT Settings

Farce [M]
Time [2]
Slope [M/z]

|hdenter Type

Insert the data for the following values:
e Force [N]: The force is limited to 2N for MHT4 or 4N for MHT10.
e Time [s]: The dwell time should be 10s — 20s.

e Slope [N/s]: The slope is limited to 0.999 N/s for MHT4 or 9.99 for
MHT10.

» If you click on Run indent, a flashing v
window appears: —

Rur indent
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» The red light on the MHT control device flashes. Wait until the flashing
window has disappeared. If you want to interrupt the process, click on
the ABORT button.

» Turn the nosepiece to the objective with the desired magnification
(normally 20x or 50x).

» Click on Live. The live window is opened. EN

» Position the indent at the center of the live window, Live
and bring it into focus:

A7 -

» Adjust the brightness and exposure time [ 5 =
etc. via the toolbar: = | wi R |

» Select the scaling for the set objective |Q_§ 203 EC Epiplan Meofl HR.e 1300

from the List of available scalings under
the live window.
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» You can make several indents at various positions on the sample in a
single workflow.

Click on the camera icon to acquire the
image. m

Snhap

» Use the Image property page (Tools menu = Options function) if you
would like to save images automatically under a predefined name. A
detailed description can be found in the online help (F1).

(=]

> Click on [M3¥1939 | o1 the standard toolbar, and zoom to change the
region you want to be measured:

» Click on Measure, and draw in the two }
diagonals by clicking on the start and end
points. The result of the measurement is
displayed automatically.

Meazure
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» Repeat this step for all indents in the
image. A maximum of four indents per
image can be measured.

» Click on Remove last if you want to e
delete the diagonals you have drawn in
step by step. Remaove last
W 20110 _‘:7
before after
» Click on Remove all to delete all the
indent measurements you have made up x
to this point, and start again by clicking on Remaove al
Measure.
» If you click on Report, a report is
generated (see Appendix A). %
Report
> 2 ) X ] boo

MHT settings Funindsnt Measure  Remowe last Remowve all Report MHT configuration -

You can also use the Microhardness Measurement tool bar to perform
the microhardness measurement.
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opens:

o]

Additionally you will find another button MHT configuration to configure the
MHT control device. If you click on this button, the following dialog window

MHT configuration

Campart uzed

) Com 1
() Com 2
() Com 3
) Com 4
() work: offline

() Com &
() ComE
() Com?7
) Com &

MHT twpe  |WHT4

Indent type |vickers

Force unit  |Mewton  +

Tewxt color ] ‘

Select here the corresponding COM port for the MHT control device.

Select further the type of the MHT device (MHT4 or MHT10), the indent
type (Vickers or Knoop), the desired force unit (Newton, Pond, gram force)
and the text color for displaying the measurement values in the image.
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Glossary

Microhardness: Hardness of the sample at the microscopic level.

Indent: The impression resulting from the microhardness tester being
pressed into the surface of the sample.

MHT: Microhardness Tester — the name of the device used for the
microhardness measurement. This can be obtained via Carl Zeiss. It is
manufactured by Anton Paar GmbH, Graz, Austria.

Sensor: For the microhardness measurement, a tiny diamond tip is
pressed into the surface of the sample with a very small, defined force. The
sensor is screwed into the nosepiece instead of an objective, and controls
and moves the diamond tip.
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Appendix A - Example of a report

. MHT report

Microhardness report

Type: Vickers

Image: demoMHT _1.jpg

Force: 2[M] oK.
T [ ok ]
Slope: 0.5[M/s]

,/%3 HV 2.0N/2

/:wﬂv 2.0N/2
. P :

# posX [Pixel] posX [Pixzel] Diam. [Pixel] Result:
1 269,25 432.50 143.63 18.30
2 400.25 F31.25 115.59 28.30

Here dou can enter your own comment

11-62 M 60-4-0004 e / printed 05.2008



Modules - TIC Measurement

11.6 TIC Measurement

TIC (Total Interference Contrast) is a new method of measuring the heights
of thin layers using optical interference.

To perform TIC measurement, you require a reflected light microscope with
a C-DIC reflector and a TIC slider, in addition to the AxioVision TIC
Measurement module. The operating instructions of the Axioskop 2 MAT
mot microscope contain a detailed description of the TIC method.

Automatic TIC measurement

ok flow b
Standard

Measurement

TIC Meazurement

Scalings offers the calibration for the TIC
measurement.

Scalings

Live opens and closes the Live window.

Snap acquires an image using the active
camera.

Navigator opens the window for zooming.

TIC Measurement starts the TIC Mavigator
measurement.

Add to Archive saves the measured image in TIC Measursment
the archive.

Add to Archive
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» Click on Scalings

» Activate the TIC scaling that corresponds to the selected objective and
the selected camera resolution.

Scalings Control x|

Awailable Scalings:

Location | Mame I #-Scaling | r-Scaling I Objective

User: objd0x 021060334 Micromete... 021060334 Micromete. ..
1 Pisel/Pizel 1 Pisel¢Pizel

1 | i

Mew | Load | Cave fs | [~ Automatic zcaling

Apply selection to image | Activate selection |

4

Please note that TIC Measurement requires TIC calibrations, and not the
usual geometric calibrations. A description of how to generate a scaling
can be found under "TIC scaling" at the end of section 7.2.

If you do not intend to change the selected microscope and camera
settings, you can now close the calibration window.

> Click on . Set the illumination and contrast such that the
image you can see is optimally illuminated.

Check the camera resolution. This must correspond to the scaling you
have loaded.

» Set the image field to be measured on the sample and the direction of
the interference fringes.
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The image should look something like the sample image below:

The thin-layer sample contains three regions:

A: the top left-hand corner of the structure, which contains the height that
you want to measure

B: the surface underneath this

C: the region with displaced interference fringes

The fringe displacement is due to the difference in height between the
surface of the structure to be measured (bottom left in image) and the
surface underneath this (top right in image).

The displacement of the zero-order interference fringe in the overlap region
is now to be measured, i.e. the distance between A, B (outside the overlap
region) and C (inside the overlap region).

Please note that the color of the fringes changes symmetrically around the
zero-order interference fringe, both inside and outside region C. The zero-
order interference fringe can be easily identified as the darkest fringe.

» Click on the camera icon to acquire the image.
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» Click on Navigator, and zoom to change the region you want to be
measured:

a

100 %

> Click on TIC Meazurement .

» If you move the mouse inside the image, the cursor symbol changes
(from an arrow to a pipette) and indicates the x/y coordinates and color
values of the pixel:

» Move the mouse to the center of the zero-order interference fringe on
the underlying surface of the sample and left-click.
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» Move the mouse into the overlap region (containing the displaced
interference fringes), and left-click again at the center of the zero-order
interference fringe.

Click on BEEEEREEEIERT to save the image and the measurement
generated.
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Interactive TIC measurement

4

On the Measure menu click on the Distance function, or click on Cistance

in the menu toolbar.

» Position the cursor (shown here as a
cross) at the starting point of the line.
Left-click.

» Move the cursor to the end point of the
line. Left-click. You will now see the first
line in the image.

» Make sure that the line you have drawn
corresponds to the center of the fringe.

» If you move the cursor, you will see the
second line and the current
measurement result, which changes as
you move the cursor.
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» Move the cursor until the second line
corresponds to the center of the zero-
order interference fringe. Left-click to
end the measurement.

Causes of errors during interactive
measurement

The longer the line, the more precise the measurement. Set the starting
point of the line at the center of the zero-order interference fringe, and the
end point as far as possible from it.

Below you will find four examples of errors that can occur while you are
drawing in the line.

The line is too short. The zero-order interference fringe has
not been selected.
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The line is not parallel to the interference The line is not at the center of the
fringe. interference fringe.

Below you will find two examples of errors that can occur while you are
determining the position of the displaced zero-order interference fringe.

The first-order interference fringe has The line is not at the center of the first-
been selected. order interference fringe.
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TIC scaling

In order to perform the TIC measurement, you require a set of TIC scalings
(for each magnification and camera combination).

Start with a frequently used combination, such as the 10x objective and the
AxioCam at the standard resolution.

Just like any other scaling procedure, TIC requires a reference object. Any
reflective surface is suitable for TIC. Focus on the surface, optimize the

exposure time and acquire the image by clicking on FREE:
» From the Measure menu, select the Scalings function.

» Inthe Scalings Control window click on New.

Scalings Control x|
Available Scalings:
Location | Mame | #-Scaling | *r-Scaling | Objective
Uszer objd0x 0.21060334 Micromete 0.21060334 Micromete

1 Pixel/Piel 1 Pixel/Pizel

4| | _bl

Hew | Load | Save bz | ™ Automatic scaling

Apply selection to image | Activate selection |

The scaling wizard is started.

» Right-click in the image. The image’s shortcut menu is displayed.
Select the Normal View (1:1).
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]
» Magnify the window by clicking on .

> Move the scrollbars | at the bottom and right-hand
edges of the image to set the desired frame.

=15}
Walcoma 1o the sealings wizard
Phesis sstect the mags from which 1o gensiats the scsing

| Select mas om B G R R
e | Gy

» Click on Next.

» Activate Automatic line-detection.
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» Select the method Single parallel lines (X+Y).

Scalings Wizard _ 1Ol =l
Scaling method
Fleaze select the method how to generate the scaling.

Select method:
Single distance [¥=7]

Distances in ¥ and v

Single parallel lines [+

Parallel lines in ¥ and v

= S

Fectangular grid

¥ Automatic line detection

< Back | Mext > | Cancel |

> Click on Next.

» Enter the value 275 into the Distance text field, and select the unit
Nanometer (275 nm corresponds to half the wavelength of visible
light).

» Now determine the distance between two interference fringes by
drawing in two lines between two dark fringes. To do this, click on the
starting and end points at the center of the interference fringe.
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» The distances are marked by red lines. The correct distance is
determined automatically and displayed as a third line between the two
lines you have drawn.

_Ioix]

Distances
Pleaze draw the lines in the image and assign the distances.

Assign 1ange: B R RAQ

~# - Direction

Distance:

27 = INannmeter =

Factor
37658457 Nanometer/Pixel

¥ - Direction
Distance:

2 B INannmeter =

Factor
37858457 Manometer/Fixel

< Back Finish I Cancel

s

» Click on Finish.

» Enter a name for the scaling and click on OK.

Please insert a new name x|

Ok, | Cancel |

To avoid confusing this scaling with other scalings, you should use TIC as
a prefix.
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The new scaling now appears in the Scalings Control window, and is
activated automatically. It is used for all images subsequently acquired.

Scalings Control

Available Scalings:

X

Piel

151 Manometer...

4]

Location | Mame | #-Scaling | ‘r-Scaling | Objective
User: obijd0x 0.21060334 Micromete...  0.21060334 Micromete. ..
1 Pisel/Pixel 1 Pisel/Pizel

51 Nanometer...

Mew I Load I Save Ag | [ Automatic scaling

Apply eelection to image | Activate zelection
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11.7 Particle Analyzer Projects

General

The system variants

The Particle Analyzer Projects module forms the basis for the Particle
Analyzer system on the software side. The Particle Analyzer from Carl
Zeiss is a complete system for analyzing particles and is currently based
on two microscope platforms:

e platform 1: Upright light microscope Axio Imager
e platform 2: SteREO Discovery.V12 stereo microscope

For either platform, manual and partially or fully motorized system versions
are available. See the system overviews below:

for Axio Imager.M1m:

AxioCam ICc 1 § Stop slider with

field diapt

LCD TFT flat screen Double filter wheel, discrete, man.
monitor 20" .
Stop slider

Camera adapter with centerable aperture iris

1.0x, adjustable o B

for Axio Imager.Z1m

Image analysis

Stop slider mot. with
XEON workstation It field

Double filter wheel, discrete, mot.

Stop slider mot.
with centerable aperture iris

Specimen holder
see price list

Axio Imager.M1m or
Axio Imager.Z1m

Mechanical stage
75x50 mot. CAN

Particle Analyzer with Axio Imager.M1m or Axio Imager.Z1lm
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LCD TFT flat screen
monitor 19" only for 5teREQ Discovery.V12:
Human Interface Panel HIP

‘with plug-in power unit
ar
only for SteREQ Discovery. V12
and PC control:

System Control Panel SYCOP
with EMS-1 (CSA)

USB/CAN converter with
lug-in power supply
givitholn fig.)

Objective
Achromat § 5
sey 1.0xFWD 69 mm g

p il

Specimen holder
see price list

w"'m
slit-ring illuminator ECO
d=66 mm, 9/1000 mm

Stage carrier S,
85 mm high,
d=120 mm

" SteREO Discovery.V8 or

Mechanical stage Electronic SteREO Discovery.v12 Zeiss KL 1500 LCD
75x50 mot. CAN coaxial drive CAN cold-light source

Particle Analyzer with SteREO Discovery.V8 or SteREO Discovery.V12

In addition to the microscopes, the following components are essential for a
complete Particle Analyzer system:

¢ Digital camera (integrated into AxioVision, e.g. AxioCam family).

e PC with monitor.

¢ AxioVision basic package and the following modules: Particle Analyzer
Projects, Asset Archive.

Depending on the microscopy platform used and the requirements of your
application, you may need the following components in addition:

e For scanning large areas: a motorized stage and the AxioVision
MosaiX module. For automatic focusing during image acquisition, the
AxioVision Autofocus module will be helpful.

e For the individual modification of analysis scripts: the Commander
module.
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For details on setting up and using the hardware components, such as the
microscope, motorized stage and camera, please refer to the manuals
supplied with the corresponding devices.

Note:

e Before using the Particle Analyzer, familiarize yourself with the basic
functions of the AxioVision software. You should be familiar with the
operation of the camera and microscope components in particular.

Accessories for particle analysis

Specimen holder for round particle filters

The specimen holder for round particle filters is used to hold round filters
up to 50 mm in diameter. It can be used for the following tasks/has the
following features:

e Reproducible positioning of filters on a mechanical stage or scanning
stage.

e Plane-parallel glass plate with retaining ring for flat insertion of a filter.
This means that autofocusing is no longer necessary. Automatic
focusing would make the acquisition process many times longer.

e Suitable for objectives up to Epiplan 10x.
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e Marking to ensure correct positioning of filters with a 25 mm diameter.

Depending on the type of stage used (mechanical or scanning stage),
special specimen holders or inserts may also be required in addition to the
specimen holder for particle filters to ensure that the latter is correctly
positioned on the stage in question.

Particle analysis calibration standard

Using the calibration standard, you can check whether measurements
made using the Particle Analyzer lead to reproducible results. The
calibration standard has the following features:

e Depiction of size classes of guideline VDA volume 19 and ISO 16232
e 10 size classes: 10, 20, 35, 75, 125, 175, 300, 500, 800, 1200 ym

e Total number of particles: 6960

e Three different shapes: circles, rectangles, ellipses

e Diameter: 47 mm

e Diameter containing particles: 44 mm

¢ Anti-reflective on both sides
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The following table provides an overview of the particle distribution for the
calibration standard:

VDA 19, ISO 16232 Calibration standard
Class Class boundaries Particle size Numper of
(um) (um) particles

B 5<x<15 10 1920
C 156<x<25 20 1920
D 25<x<50 35 960
E 50=<x<100 75 960
F 100 £x <150 125 480
G 150 <= x <200 175 240
H 200 =x <400 300 120
I 400 = x <600 500 120
J 600 < x <1000 800 120
K 1000 < x 1200 120

Total number of particles 6960

Cleaning of sample holder and calibration standard

You will need to differentiate between dust particles (e.g. glass particles
from slides, skin particles from the microscope user, fluff from textiles, etc.)
and other kinds of dirt (e.g. cleaning residues, finger prints and grease).
Dust particles may lie loosely on optical surfaces or become more or less
stuck to them. Other dirt is either water-soluble or only completely
removable using organic solvents.

Depending on the type of soiling, different methods can be used to clean
the sample holder or the calibration standard. You will find further
information in the brochure "The clean microscope" by Carl Zeiss. This
brochure can be found on the Internet at www.zeiss.de.
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The concept

Operation and configuration

The operating concept of the Particle Analyzer is designed to make it
possible to achieve a reproducible result with as little interaction as
possible. The performance of a measurement can be automated to such an
extent that only the project data need to be entered and the entire analysis
process can run automatically.

To automate a measurement completely, you need extensive knowledge of
systems engineering and the respective application. Carelessly made
alterations of a setting can promptly lead to faulty measurement results. It
is important, therefore, to prevent users not having such knowledge from
changing the basic settings. This is achieved by dividing up the tasks
involved into the definition of a measurement and the performance of a
measurement.

The performance of a measurement is always based on what is called
project templates. All important settings are saved in a project template. A
project template cannot be created or edited by a user. This is reserved to
Power Users or Administrators. Access to the respective functions is
governed by the access rights of the operating system:
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&2 Start Particle Analysis g| &2 Modify Template E|
R Hardware settings @
(%) Wew project

Select image source

O Conkinue project -
= 9 MEE

Project kerplates:
e o | [ Slols
o] ipkion: ;
S Evaluation script @
Particle analysis based on ISC 16232
standard. -
Measurement properties @

o <N EE
Report template @
- NEE

el l ’ Cancel ]
Execute ... ’ OK ] ’ Cancel ]
Dialog for starting a particle Dialog for editing a project template
measurement (not available to standard users)

Projects and project templates

The configuration data of a measurement are saved to so-called project
templates. A project template contains all the information on the
performance of a particle measurement in detail: from the configuration of
the device and the type of image acquisition through to the determination of
the size of the original data to be saved and how the results should be
displayed at the end of a measurement.

The project templates are saved to the archive, together with the
measurement projects, but they are not visible in the archive window. They
can only be modified via the Modify Template function.
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Data are saved and managed in a project-based archive. All the data
generated (images, data tables, reports etc.) are arranged by project and
saved centrally:

1 Axis¥islon - [Particle hnaiyzer.ova 7]

Frejult e STNEE] Tieak B it Messanmatationen 1

I [R— D satarinnags_ACT 21
- Nicht begonnen D 0102008

Beschesibunn: Griha {1 =)
Thama:

Stichworns: Deanf saterirnigs!

Wommentar:

Bildinformationen

Mibroshap: e g T
Dujakie EC Epiglan Naituss 2 55/0,05 HO M7

gt

gt R gt

x5

Archive view of the Particle Analyzer software

Preparing the system
Introduction

General

The functionality of the Particle Analyzer Projects module is based on the
basic functionality of AxioVision. Before you can work with the Particle

Analyzer, you must, therefore, configure the basic settings for AxioVision.
You will find further information you require in Section 8 "Configuration" of

this manual.
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Microscope configuration

To be able to use your microscope together with AxioVision, you need to
define once your individual system configuration via the separate MTB2004
Configuration program. Should you be retrofitting the Particle Analyzer to
your existing microscope system, you may have to do this configuration via
the Microscope Configuration program.

The configuration programs have their own icons and buttons on your
Microsoft Windows Desktop:

= A

MTE 2004 Microscope
Confiquratian Configuration
Note:

e For detailed information, see Chapter 4 "Microscope Control".

The Particle Analyzer Setup toolbar

The Particle Analyzer Setup toolbar is specially intended for setting and
configuring the Particle Analyzer:

A 2 a | B @
Mew Open Archive  Edit Project Templates = Microscope  Stage | Live Snap
123 P % [E| 2] E| im

Scalings Autofocus  Options  Custornize LJE Config.  Workflow | Workarea

In the following it is assumed that the toolbar is open. If the toolbar is not
displayed on your monitor, select Toolbars in the View menu:

Hereinafter it is assumed that the toolbar is open. If it should not be
displayed on your system, open it via the menu View = Toolbars:

11-84 M 60-4-0004 e / printed 05.2008



Modules - Particle Analyzer Projects

File Edit Microscope  Acquisition  Processing  Annotations  Measure

Windows

Toolbars Menu

[El Properties Alt+Enter TIC

[£] Refresh Standard

e ] Particle Analyzer

Setup Partide Analyzer R‘J
Display

Annotations

General AxioVision Settings

Please make sure that the following settings have been made:

Alignment of camera and motorized stage

If you wish to acquire images of large areas using the MosaiX module, you
must ensure that the camera and stage are aligned correctly with one
another and that the stage’s direction of movement has been set correctly.
Otherwise the individual component images will not be put together
properly. The aligning and setting process may take quite some time with
conventional camera adapters; therefore it is recommendable to use the
adjustable Carl Zeiss camera adapter:
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Note:
e For detailed information, see Chapter 9.7 "MosaiX" — "Setting up the
camera and scanning stage").

Scaling

Measurement in real units (e.g., um) is only possible if there exist scaling
files. Although AxioVision has a capability to compute a theoretical scaling
on the basis of the current system configuration, it is urgently
recommended to create, for measurement tasks, an individual scaling file
by means of a stage micrometer.

Note:
e For detailed information, see Chapter 8.4 "Scalings".

Autofocus calibration

To be able to use the autofocus feature, you need to calibrate it for the
magnifications used. The autofocus feature can then be used for defining
interpolation nodes for the focal plane, and for acquiring mosaic images.

Note:
e For detailed information, see Chapter 9.2 "Autofocus".

e The possibility of automatic focusing before image acquisition does not
exist for the SteREO microscopes.

User settings

Select the User tab in the Tools = Options menu. Enter the information
about the respective user and select your corporate logo. This information
is administrated separately for each user. It is saved to the archive for each
project or each measurement and, by way of default, used for the reports.

Note:
e For detailed information, see Chapter 8.6 "General settings".
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Configuration of the user interface

AxioVision offers an extremely wide range of options with regard to user-
specific configuration. In particular, the fact that the interface is structured
as simply as possible means that even inexperienced users are able to use
the system to achieve accurate results both quickly and easily.

It is recommendable to hide all controls not used for the purpose. For
routine measurements, you usually need only the Particle Analysis
workflow and, perhaps, the Particle Analyzer toolbar. The Particle
Analyzer Setup toolbar is not required for routine measurements. All
toolbars, as well as the main menu, can be displayed and hidden via the
View = Toolbars menu.

Notes:

e To show the main menu again, click the right mouse button on the title
bar of the AxioVision window, or on a toolbar. This opens a context
menu in which you can display everything again.

e For detailed information, see Chapter 8.5 "Adapting the user interface".

Special settings for particle analysis

Creating an archive

The database of the Particle Analyzer constitutes an archive. All data
(images, measurement data tables, reports, etc.) are saved to this archive
in a project-related order. To be able to work with the Particle Analyzer
Projects module, therefore, an archive must exists and be opened in
AxioVision.

In the Particle Analyzer Setup toolbar, click on the New button. On the
Archive tab, select the Particle Analysis template:

AxioVision User's Guide, Release 4.7 11-87



Modules - Particle Analyzer Projects

B New E|
9 Archives ‘ Reports u Reports (zvr) | [T} Forms
Name Title Subject Description Filename
__Program:
f'jl Asset Archive Firebird based 5Q...  Firebird based sin... Embedded SQLD...  C:‘\Program Files\Car
f'jl Folder Folder (file based) Folder (file based) Based on folder /... C:\Program Files\Car
f'jl Material Analysis Ar... Firebird based 5Q... Firebird based sin... Embedded SQLD...  C:\Program Files\Car
‘ Partide Analysis Firebird based 5Q)... Firebird based sin... Embedded SQL D...  C:\Program Files\Car|

| ¥

3

I OK H Cancel ][ Apply

Opening the particle analysis archive when starting
AxioVision

To start AxioVision always with the desired archive, you should establish a
shortcut to the archive on the Microsoft Windows desktop:

» Click the right mouse button on a free area on the desktop, and select
New = Shortcut

Arrange Icons By #
Refresh

2 [ Folder

Propertes L gheret

» This opens the dialog Create Shortcut. Click on Browse... and select
the Particle Analysis Archive (file extension *.zva):
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Create Shortcut g|
This wizard helps vou to create shortcuts ko local or
network programs, files, folders, computers, or Internet
addresses,

Type the location of the item:
Click Mext bo continue,

» Click on Next and, in the next step, enter a name for the link.
» To create the link, click on Finish.

Note:

¢ Viathe properties of the shortcut you can also adapt the icon. Suitable
icons can be found in the "ZiResrc.dll" file in the "C:\Program
Files\Common Files\Carl Zeiss Vision\System\Resource" folder.

Administrating several users

The user management of AxioVision is directly based on that of the
operating system. Each user with access rights works under a different
AxioVision configuration. This means that, e.g., the configuration of the
user interface, the entry of user data, etc., are managed separately for
each user.

Notes:
e For detailed information on user and data management, see Chapter
8.3 "User and data administration".

e If you use a common account for all users but wish to use different
configurations nevertheless, proceed as described in the following
section.
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Separation of Particle Analysis and standard AxioVision

It is a strong point of the Particle Analyzer that the system is completely
based on the standard AxioVision software. Therefore, it can also be used
for simple documentation jobs or other applications such as, e.g., analysis
of non metallic inclusions in steel. To start AxioVision always with a special,
application-specific configuration (e.g., specific toolbars, workflows, etc.),
you can establish any number of links with separate icons on the Microsoft
Windows Desktop.

Note:
e For detailed information on the creation of configurations, see Chapter
8.8 "Creating various AxioVision configurations for a user".

Creating project templates

General

In project templates, all settings and files for performing a particle
measurement are saved. All subsequent particle measurements always are
based on a project template. When you start a measurement you are
prompted to select the desired project template first before you can actually
start the measurement.

The project templates are managed via the Edit Project Templates dialog:
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B8 Edit Project Templates

Maode

'@:' Create new project template

OMDdif’y existing template

Template: Default v

Description:

l Modify template... l

Import/Export l l Cancel l

[ Save template... ‘

In the Edit Project Templates dialog you can edit, create and delete
project templates. Further, you can import and export project templates.

Importing and exporting project templates

To make the preparation and setup for Particle Analysis as easy as
possible, you can simply import existing project templates for special
applications and use them right away.

This is especially helpful if measurements are to be made in different
places but with exactly the same specifications. Project templates once
created centrally can then be imported on any number of systems installed.
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Clicking the Import/Export... button starts the wizard that guides you
through all the necessary steps:

Bl Particle Analysis import/export wizard

Particle Analysis import/export wizard
Choose between import/export Particle analysis project type

(@) Import

1: Particle Analysis import/export wizard
‘c “Dacuments and Settingshzvikaihy Documentsh ‘ [ Browse

2: Particle Analysis import/export wizard -
project types selection
) Export

3: Particle Analysis import wizard - confirmation

Note:

e Project templates available at Carl Zeiss can be downloaded from the
Particle Analyzer Internet website www.zeiss.de/particle and then
imported. Templates are available, e.g., for data analysis conforming to
ISO 16232, and for measuring the Carl Zeiss particle standard.
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The Modify Template dialog
Project templates are created via theModify Templates function.

& Modify Template X

Hardware settings @

Select image source

MosaiX v| @

Input form @
Evaluation script @
Measurement properties @
Class setup @
Report template @
Options @

= oW

Dialog for selecting the settings for a project template

Here again you can, for each single item required for creating a project
template, load settings already existing in another template. For the
management of template files, use the buttons on the right of the respective

@) )

Thus, you can directly copy device settings, settings of the image source,
input forms, etc. from existing templates into the current project template
you are creating. Further, you can save your own settings to a new
template in order to use them in further project templates.

creation items:
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And finally, you can set every step separately. To open the respective

The following chapters describe the procedure step by step.

dialog, click on the Edit... button:

Testing project templates

If you want to test whether the settings of a project template really produce
the desired results, you can click on the Execute... button to run a
complete measurement without having to create a project in the archive. It
is important that you perform this step with a real sample, because all
settings made in the functional dialogs during the test run are adopted by
the project template.

Settings that are particularly important in this context are, e.g., those
concerning the segmentation thresholds for particle detection, or the size
and position of the measurement frame.

Hardware settings

The settings of microscope and camera are decisive for the reproducibility
of measurements. Measurements will yield the same results only if they are
always made with the same parameters. With the hardware settings you
can ensure that you are always using the same hardware configuration
before you start a Particle Analysis. This is conditional on the use of
motorized microscopes or microscope components, and digital cameras.
These can be completely controlled via the software.

In case of manual microscopes you need to do the correct settings
manually. So-called coded components require a mixed approach. Their
current statuses can be checked by the software, but the correct setting
has to be done manually as required. If you are using coded components,
the system will warn you if a setting is faulty and prompt you to establish
the correct configuration.

The most important settings include, e.g., the objective to be used, the
brightness adjustment, the used contrasting method, camera resolution,
exposure time, camera mode, etc.
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Example: Setting the camera mode (color, gray levels)

The camera setting has a decisive influence on the size of your files. Given
the memory capacity of modern computers, the use of color images is
considered a standard feature. However, color images require three times
as much memory space as gray scale images. In most cases, though, color
information is not required for particle detection; therefore, images should
be acquired as gray scale images. This setting can be made in the camera
control dialog, and it can be changed there by every user:

I= Camera Mode

(DB () RGE

i 1300 x 1030 standard maona w |

By including the camera mode in the hardware settings you can ensure
that you are always acquiring gray level images for a measurement,
irrespective of the actual settings of the camera:

B Settings Editor X
Stored hardwars settings: Available Components: Show all
[ mew.. ][ Rename | . [(Duplcate | [s5#  apply | (£ AxioCamHR.
=5 AxioCamir
Location Setting # = Adjust
2 user EdtedProjetType 2vhs =5 Frame
it ward mono
Frame:Left:0; Top: 0/width: 1300/Height: 1030

& = General
- 5 Microscope

< | i
Selected Setting: user : EditedProjet Type.zvhs
Device E.. | Component Companent settings
(@ axiocamie [l Camera Made 1300 x 1030 standard mono
< >
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Image Source

The image source defines the way images are acquired. When large areas
are acquired by the mosaic technique, the size and position of the acquired
area are defined in addition via the Setup function of the MosaiX module.
Then it is important, in routine work, that the samples are actually located in
the places previously defined. This can be ensured through the use of
holders for different slide types. A special holder is available for measuring
round particle filters:

For details, see Chapter "Accessories for particle analysis".

To ensure unmistakable repositioning in the acquisition of MosaiX images,
the z focus and the x and y settings of the motorized stage are calibrated
after every restart of AxioVision.

Input form

During a measurement, the user enters the required project data into input
forms. You can freely define which data to enter. The input fields required
and their linking to the archive are defined in what is called the Layout
mode. The Layout mode is active immediately when you start editing.
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Add New Object

Sample-No.: 1

Grinding-No.: 0815
Material: steel

Order-No.: 4711

Customer: Mister Green
Downingstreet 10

45798 Wiestrminster

Comment: interesting material

Standard input form for project data

Notes:
e For detailed information on editing form templates, see Chapter 7.3
"Templates for forms and reports".

Evaluation scripts

General

The analysis script determines the way in which the particle analysis is to
be carried out. Consequently, this script is the key to the entire analysis.
Besides the sequence of the commands, here you can also define the
functions that you want to be executed interactively, i.e. which functions
should be opened during the performance of a measurement to allow the
user to enter parameter settings.

Notes:

¢ In order to display and modify the analysis script, you will need the
Commander module. The Commander module however is NOT
required for executing a particle measurement.
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¢ Since modification of the analysis script has dramatic consequences
with regard to the quality of the analysis, this should only be performed
by experienced users. It is essential that you read the "Commander"
section and the information in the online help before making any
modifications.

e The analysis scripts are not managed in the usual standard AxioVision
folders. The New and Rename buttons are therefore inactive. The
Save button only becomes active once you have made changes to the
script.

¥ Script-Editor EE&

seript selection: g cting | Conment
EditedProjectType s
3 Image Activelmags L
Reference Channel 1 |
Fieference Z-Postion 1 L
Ficference Time paint 1 ]
Seript: Use Reference Time point ~ Yes v
Commantts | Documerts | Paramstar StitchingMade Stitching posiions v
SearchDepth 15 <z
1 O ot~ d L)
- MirimumOverlap 3 E |
2 [ Automatic  + | Brightness/Contrast/G amma 5
Sobelsize Low v
2 [ |Auomatic  + | Sigma
4 [ |Automatic v | Delneate
5 Automatic v | Thrasholds interactive
B [ Automatic  + | Scrap
7 [ |automatic | Fill
2 [ Automatic v | Separation
9 [Oauomatic  v| Scrap
10 [ [Automatic | Fill
11 Automatic | Start Measurement
12 Automatic | Start Particle Analysis
13 Automatic % | RemoveLargestRegionsFunction
single step

Analysis script in the Commander script editor
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Adapting the evaluation script

As long as you do not insert or delete any commands, you can modify the
behavior of the script simply by switching the commands on the
Commands tab on and off.

¥ Script-Editor,

Script selection:

EditedProjectType R4

Scripk:

Commands | Dacuments | Parameter

] Butomatic v
[] futomatic | Brightress/Contrast/Gamma
utomatic Sigma
utomatic Delineate
utomatic Thresholds interactive
utaratic Scrap

Fill

Separation

utomatic

Move down

utomatic Scrap
Fill

Start Measurement

utomatic

HO00O00O0RO0O

utomatic

3]

utamatic Start Particle Analysis

v
v
v
v
v
utomatic |
v
v
v
v
v

Chain
Single step

5]

utomatic Removel argestRegionsFunction

<< Commands|

\L-j Stitching | Comment
Parametersi
Image
Fieference Charnel
Feference Z-Pozition
Reference Time point
Use Reference Time point
Stitchinghd ode
SearchDepth
MinimumO verlap
SobelSize

Activelmage
1

Yes

Stitching positions
15

3

Low

|l [

| e

<0dx 0808
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You can any functions, available in AxioVision, incorporate into the script.
After doing so, however, you must ensure that the input and output
documents are correctly linked.

Script-Editor

Script selection: a Stitching | Camment
{Parametersi
v Image Acllvelmage@
Reference Channel 1 D
Feference Z-Position 1 B
Reference Time point 1 D
Script: Use Reference Time point Yes £
Commands  Documents ‘ Parameter Stitchinghode Stitching pocii
Seachlepth 15 &[]
# | Commands Input documents Qutput documents 5
1 ™ MinirumOverlap 3 < > D
2 |B)Erightness/ContrastjGamma foriginalimage (] originalimage: ] SobelSize Low b
3 [sigma Originallmage [ originalimage: L)
4 [A)Delineate Originallmage [J originallmage: .4
5 1] Thresholds interactive Activelmage [IJ MeasurementMask ]
& E Scrap MeasurementMask, [IJ MeasurementMask D
7 R MeasurementMask (L) Measurementask O
& [ separation Measurementiask (L) Measurementiask L)
9 Flsaap Measurementiask, [ MeasurementMask .4
10 Fill MeasurementMask, [IJ MeasurementMask ]
11 Estart Measurement Activelmage @Drawlmags D
Measurementiask (L) RegionTable E
FieldTable .4
12 [ Start Particle Analysis RegionTable [ CumulativeRawTabl. . .4
FieldTable [IJ ResulksTable zvt ]
CumulativeFieldTabl ., L)
13 [ RemovelargestRegionsFu.. factivelmage [ salleryImage: E
Drawlmage [JLargestRegionsTabl. .. .4
Measurementiask.
RegionTable [IJ

<« Commands|
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The three command lines at the end of the script must not be deleted under
any circumstances. These commands calculate the actual classification
and generate the results document.

'] Script-Editor E”Elgl

Seript selection: [ stitching | Comment
EditedProject Type v e e
3 Image fictivelmage )
Rieference Chanrel 1 )
Reterence Z Position 1 =)
Reterence Time point 1 =)
Seripts Use Reference Time point~ Yes v
o= Gocimart | [Parameter StitchingMode Stitching posiions é
1 [ butoretic. v [ T | S L2 S
2 [[Automstic_ )| Biighiness/Contiastfamma -m g;'z:::sve”ap iow e @
3 [ Automatic  »| Sigma
4 [ |dutomatic  + | Delineate
5 Autornatic | Thresholds intsractive
& [ |Automatic  ~ | Secrap
7 O [putomatic | Fil
8 [ Automatic | Separation Ma
9 [ |Automatic | Scrap
10 [] Aulom_alu: | Fill
1 Automatic v | Start Measurement
12 Automatic v | Stant Particle Analpsis
132 Automatic v | RemoveLargestRegionsFunction
Chain

Moadifying report templates

In order to print the results of a measurement clearly, it is possible to
structure the appearance of the results report individually. A report
template may only be modified during the creation/editing of a project
template and is, therefore, not accessible for standard users. The
predefined template is always used when you perform a measurement.

Note:
e For detailed information, see Chapter 6.4 "Creating data reports".
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Optional settings

General

With optional settings you define essentially the following items:
e Selection of the data to be saved (above all, image data)
e Behavior during image acquisition

e Presentation of result data after the measurement

It is imperative that you consult the Online Help function for information on
details of the parameters that can be set.

Memory space required

The quantity of data obtained in particle analyses is sometimes enormous,
especially when you acquire large images using the MosaiX module. The
table below shows the memory requirements for different conditions:

i i Image size in MB*
Pixel scaling
used Gz sele Color image
image

1.0 um / pixel 1450 4350

2.5 ym / pixel 232 696

5.0 ym / pixel 58 174

10.0 ym / pixel 15 44

* Area approx. 1500mma2, 8 bit gray levels

You should carefully consider which original data should actually be saved.
Among others, the two factors outlined below may be a basis for decision:
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¢ If you want to ensure that a measurement can be reproduced at any
time, you need to save the original data as they are. It is not
permissible in this case to scale down the original image or to save it in
a compressed format.

o If you want to save the original image for documentation purposes, you
should consider whether a scaled down version could be saved in a
compressed format (e.g., ZVI or JPG). This will considerably reduce
the amount of image data, but they will not be suitable for subsequent
measurements.

Number of gray levels or color values of the images acquired

Another important consideration is the bit depth, i.e. the number of gray
levels or color values used for image acquisition. In the past, the entire
brightness or color range was captured 256 different gray levels (8 bit).
Most modern digital cameras have more than 256 gray levels. But here,
too, this means that the resulting image data files are exceedingly large;
the great number of gray levels (possibly more than 65,000) is not needed
for a measurement. It is possible, therefore, to enforce reduction to 256
gray levels:

Settings for acguired images

) Keep original
%) Convert to 8 bit
) Convert to 165 bit

Conversion of acquired images to 8 bit
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Performing measurements

A measurement is performed via the Start Particle Analysis function in
the Particle Analysis workflow:

2 Start Particle Analysis E|

Maode
(%) New project

(:} Conkinue project

Praject kemplates:

130 16232 w
Descripkion:
Farticle analysis based on IS0 16232
standard,

[ OF l l Cancel l

Dialog for starting a particle measurement

A particle measurement is always based on a previously defined project
template. This must have been created beforehand by a qualified user. It is
not possible to perform a measurement if no template has been created.

11-104 M 60-4-0004 e / printed 05.2008



Modules - Particle Analyzer Projects

During the course of the measurement, the function dialog for which the
Interactive mode has been selected in the analysis script will be displayed.
All other functions run automatically in the background.

The program will stop at each function for which Interactive has been
selected and the corresponding dialog will open. The predefined
parameters can then be modified and optimally adapted to the image in
question.

The functions that are carried out interactively feature the additional
parameter Always interactive during the execution of the program. This
allows the user to decide whether or not the dialog should be opened again
for the next image. This is particularly useful if you have set segmentation
thresholds, for example, and do not need to modify them again for
subsequent images. The thresholds can therefore be set using one or more
images and then applied automatically.

This option is useful if you are measuring several images immediately after
each other. Otherwise, this setting does not have any impact on the
running of the program.

Once the measurement is complete, the results window will be displayed
or, alternatively, the report can be displayed immediately:
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Results document

Note:

e Whether it is the results document or report that is displayed depends

on the settings for the project template.
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11.8 NMI (Non-Metallic Inclusions)

General

Note:
e For detailed information on the individual functions and commands,
please refer to the online help (F1 key).

The system variants

The NMI module is the software for the NMI system. The NMI (non-metallic
inclusions) system from Carl Zeiss is a complete system for analyzing the
purity of steels in accordance with current standards. This system is
currently based on two fully motorized microscopy platforms:

e Platform 1: upright light microscope Axio Imager.Z1m
e Platform 2: inverse microscope Axio Observer.Z1m

In addition to the microscopes, the following components are essential for a
complete NMI system:

o Digital camera (integrated into AxioVision, e.g. AxioCam family)
e High-performance PC with monitor
e AxioVision basic package and the NMI and MosaiX modules

Depending on the microscopy platform used and the application-related
requirements, the following components may also be necessary:

e The Mark&Find module in order to scan several samples

e A multiple sample holder for up to six round samples up to 40 mm in
diameter

e For the individual modification of evaluation scripts: the Commander
module

For details on setting up and using the hardware components, such as the
microscope, scanning stage and camera, please refer to the manuals
supplied with the corresponding devices.
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An overview of the system is provided on the following page.

DI?I‘:aI microscope camera
AxloCam

Camera Adapter T2-C1" 1.0x,
adjustable

Specimen holder

Scannlng stage 130x85 STEP

Ludl MACS5000 XY stage

controller stepper
incl, joystick

N

LCD TFT flat screen S

Image Analysls
XEON Workstatlon

NMI system with Axio Imager.Z1m and Axio Observer.Z1m

11-108 M 60-4-0004 e / printed 05.2008



Modules - Particle Analyzer Projects

Note:

e Before using NMI, familiarize yourself with the basic functions of the
AxioVision software. You should be familiar with the operation of the
camera and microscope components in particular.

The concept

Operation and configuration

The operating concept of NMI is designed to make it possible to achieve a
reproducible result with as little interaction as possible. The performance of
a measurement can be automated to such an extent that only the project
data need to be entered and the entire analysis process can run
automatically.

To automate a measurement completely, you need extensive knowledge of
systems engineering and the respective application. Carelessly made
alterations of a setting can promptly lead to faulty measurement results. It
is important, therefore, to prevent users not having such knowledge from
changing the basic settings. This is achieved by dividing up the tasks
involved into the definition of a measurement and the performance of a
measurement.

The performance of a measurement is always based on what is called test
specification. All important settings are saved in a test specification. A test
specification cannot be created or edited by a user. This is reserved to
Power Users or Administrators. Access to the respective functions is
governed by the access rights of the operating system:
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&2 Start NMI Analysitk

Mode
@' MNew praject

() Continue projeck

Test Specification:

Description:

Measurement EN 10247

o ] [ |

Dialog for starting an NMI Analysis

B8 Change Test Specification

Hardware settings @

Select image source

Folder b | b :

Praoject input form @
S ample input Farr @
Ewaluation script @
Setting of standards @
Options @

(%) (==

Dialog for editing a project template
(not available to standard users)
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Projects and test specifications

The configuration data of a measurement are saved to so-called test
specification. A test specification contains all the information on the
performance of an NMI analysis in detail: from the configuration of the
device and the type of image acquisition through to the determination of the
size of the original data to be saved.

The test specifications are saved to the archive, together with the
measurement projects, but they are not visible in the archive window. They
can only be modified via the Manage Test Specification function.

Data are saved and managed in a project-based archive. All the data
generated (images, data tables, reports etc.) are saved by project:

st Tcommrts

Iepue_bmage |
Ieputimage_AD0157 TV1
20080429

1506304

Puoject-fe.: POGCGE
Dane: a0e3 Hegwards:
Seamest (0. Mat Stanied Comment

Ieputmgel

Descrlptien:

Image information -

Archive View
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Preparing the system
Introduction

General

The functionality of the NMI module is based on the basic functionality of
AxioVision. Before you can work with NMI, you must, therefore, configure
the basic settings for AxioVision. You will find further information you
require in Section 8 "Configuration" of this manual.

Microscope configuration

To be able to use your microscope together with AxioVision, you need to
define once your individual system configuration via the separate MTB2004
Configuration program. Should you be retrofitting NMI to your existing
microscope system, you may have to do this configuration via the
Microscope Configuration program.

The configuration programs have their own icons and buttons on your
Microsoft Windows Desktop:

= A

MIEB 2004 Microzcope
Configuration Configuration

Note:
e For detailed information, see Chapter 4 "Microscope Control".
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General AxioVision Settings

Please make sure that the following settings have been made:

Alignment of camera and motorized stage

If you wish to acquire images of large areas using the MosaiX module, you
must ensure that the camera and stage are aligned correctly with one
another and that the stage’s direction of movement has been set correctly.
Otherwise the individual component images will not be put together
properly. The aligning and setting process may take quite some time with
conventional camera adapters; therefore it is recommendable to use the
adjustable Carl Zeiss camera adapter:

Note:
e For detailed information, see Chapter 9.7 "MosaiX" — "Setting up the
camera and scanning stage").

» Scalings: Measurement in real units (e.g., um) is only possible if there
exist scaling files. Although AxioVision has a capability to compute a
theoretical scaling on the basis of the current system configuration, it is
urgently recommended to create, for measurement tasks, an individual
scaling file by means of a stage micrometer.

Note:
e For detailed information, see Chapter 8.4 "Scalings".

AxioVision User's Guide, Release 4.7 11-113



Modules - Particle Analyzer Projects

User settings

Select the User tab in the Tools = Options menu. Enter the information
about the respective user and select your corporate logo. This information
is administrated separately for each user. It is saved to the archive for each
project or each measurement and, by way of default, used for the reports.

Note:
¢ For detailed information, see Chapter 8.6 "General settings".

Configuration of the user interface

AxioVision offers an extremely wide range of options with regard to user-
specific configuration. In particular, the fact that the interface is structured
as simply as possible means that even inexperienced users are able to use
the system to achieve accurate results both quickly and easily.

It is recommendable to hide all controls not used for the purpose. For
routine measurements, you usually need only the NMI workflow.

Notes:

e To show the main menu again, click the right mouse button on the title
bar of the AxioVision window, or on a toolbar. This opens a context
menu in which you can display everything again.

e For detailed information, see Chapter 8.5 "Adapting the user interface".

Special settings for NMI

Creating an archive

The database of NMI constitutes an archive. All data (images,
measurement data tables, reports, etc.) are saved to this archive in a
project-related order. To be able to work with the NMI module, therefore,
an archive must exists and be opened in AxioVision.
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K New E
=) Archives | Reports (zdr) | [@l Reports {zvr) [T Forms |
Mame Title Subiject Description
Program:
fgl Asset Archive Firebird based SQL Archive (Single User) Firebird based single user archive  Embedded SQL Database (Firebird...
2 Folder Falder {file based) Falder ifile based) Based on folder | 24T conkents {no...
E’J Material Analysis Archive Firebird based single user archive  Embedded SQL Database (Firebird...

single user archive  Embedded SQL Dat:

WM Archive
[ Particle Analysis

3

{Firebird...
Firebird based single user archive  Embedded SQL Database (Firebird...

O H Cancel H Apply

Opening the particle analysis archive when starting
AxioVision

To start AxioVision always with the desired archive, you should establish a

shortcut to the archive on the Microsoft Windows desktop:

» Click the right mouse button on a free area on the desktop, and select

New = Shortcut:

Arrange Icons By k
Refresh

) Folder
Froperties g ghetat

» This opens the dialog Create Shortcut. Click on Browse... and select

the Particle Analysis Archive (file extension *.zva):
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Create Shortcut §|
This wizard helps wou to create shortouts to local or
network pragrams, files, folders, computers, or Internet
addresses,

Type the location of the item:
Click Mext ko continue,

» Click on Next and, in the next step, enter a name for the link.

> To create the link, click on Finish.

Administrating several users

The user management of AxioVision is directly based on that of the
operating system. Each user with access rights works under a different
AxioVision configuration. This means that, e.g., the configuration of the
user interface, the entry of user data, etc., are managed separately for
each user.

Notes:
e For detailed information on user and data management, see Chapter
8.3 "User and data administration".

e If you use a common account for all users but wish to use different
configurations nevertheless, proceed as described in the following
section.
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Separation of Particle Analysis and standard AxioVision

It is a strong point of NMI that the system is completely based on the
standard AxioVision software. Therefore, it can also be used for simple
documentation jobs or other applications such as, e.g., particle analysis or
analysis of non metallic inclusions in steel. To start AxioVision always with
a special, application-specific configuration (e.g., specific toolbars,
workflows, etc.), you can establish any number of links with separate icons
on the Microsoft Windows Desktop.

Note:
e For detailed information on the creation of configurations, see Chapter
8.8 "Creating various AxioVision configurations for a user".

Creating test specifications

General

In test specification, all settings and files for performing an NMI analysis
are saved. All subsequent NMI analysis always are based on a test
specification. When you start a measurement you are prompted to select
the desired test specification first before you can actually start the
measurement.
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The project templates are managed via the Manage Test Specification
dialog:

BE Manage Test Specifications k

Mode
@ Create MNew Test Specification

) Modify Existing Test Specification

Test Specification: !Default

Descripkion:

| Change Test Specification. .. ‘

Save Test Specification. .. ‘ | Import/Export | ‘ Cancel ‘

In the Manage Test Specifications dialog you can edit, create and delete
test specifications. Further, you can import and export test specifications.
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Importing and exporting test specifications

To make the preparation and setup for NMI Analysis as easy as possible,
you can simply import existing test specifications for special applications
and use them right away.

This is especially helpful if measurements are to be made in different
places but with exactly the same specifications. Test specifications once
created centrally can then be imported on any number of systems installed.

Clicking the Import/Export... button starts the wizard that guides you
through all the necessary steps:

Ml NMI: Test specification import/export wizard

Test specification import/export wizard

Choose between import and export of test specifications

1: Test spedfication import/export wizard & Import

C:\Documents and Settingshzh-tsadmhy Documentss I

) Export

2: Test specification import/ export wizard -
Selection of test specification

3: Project type import wizard - confirmation
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The Change Test Specification dialog

Project templates are created via the Change Test Specification function.
All the dialogs used to set up an NMI analysis are called up via this dialog:

B8 Change Test Specification g]

Hardware zettings @

Select image source

| Folder v|

Praject input form @
Sample input Form
Evaluation script @
Setting of standards @
Optioks @

l Ok ] l Cancel ]

Dialog for changing a test specification
Each individual step can be modified entirely. The relevant dialog can be

opened using the Edit button. Here again you can, for each single
item required for creating a project template, load settings already existing
in another template. For the management of template files, use the buttons

=
on the right of the respective creation items: .

Thus, you can directly copy device settings, settings of the image source,
input forms, etc. from existing templates into the current test specification
you are creating. Further, you can save your own settings to a new
template in order to use them in further test specification.
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The following chapters describe the procedure step by step.
Testing test specifications

If you want to test whether the settings of a test specification really produce
the desired results, you can click on the Execute... button to run a
complete measurement without having to create a project in the archive. It
is important that you perform this step with a real sample, because all
settings made in the functional dialogs during the test run are adopted by
the test specification.

Segmentation threshold settings for detecting inclusions, in particular the
threshold values for sulfides, oxides and titanium nitrides, are especially
important here, for example.

Hardware settings

The settings of microscope and camera are decisive for the reproducibility
of measurements. Measurements will yield the same results only if they are
always made with the same parameters. With the hardware settings you
can ensure that you are always using the same hardware configuration
before you start NMI Analysis. This is conditional on the use of motorized
microscopes or microscope components, and digital cameras. These can
be completely controlled via the software.

In case of manual microscopes you need to do the correct settings
manually. So-called coded components require a mixed approach. Their
current statuses can be checked by the software, but the correct setting
has to be done manually as required. If you are using coded components,
the system will warn you if a setting is faulty and prompt you to establish
the correct configuration.

The most important settings include, e.g., the objective to be used, the
brightness adjustment, the used contrasting method, camera resolution,
exposure time, camera mode, etc.
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Example: Setting the camera mode (color, gray levels)

The camera setting has a decisive influence on the size of your files. Given
the memory capacity of modern computers, the use of color images is
considered a standard feature. However, color images require three times
as much memory space as gray scale images. In most cases, though, color
information is not required for the detection of inclusions; therefore, images
should be acquired as gray scale images. This setting can be made in the
camera control dialog, and it can be changed there by every user:

= Camera Mode

o

(JRGE

| 1300 x 1030 skandard mano

By including the camera mode in the hardware settings you can ensure
that you are always acquiring gray level images for a measurement,
irrespective of the actual settings of the camera:

% Settings Editor -]
Sored hardwaresattngs: [ | [ | Avable Components: [ stowa |
|t | [ Rename | [(onpheate | [i=b Asely | E=pr—
ALt
Location Setting & B adnt
& s EdtecProjetType.ovbs. ! Frama
Lr | Caament & Moxde ] 300 & 10700 shandhard mono
(5 Frame:Left:0fTop:0f'width: | 300/Hesght: 1030
| Gereral
4 J taroscipe
£ >
ncted User Typeavhs
Device { Comparent Comporent: sethings
Gamcatn [ Comera biste 1300 = 1030 starclard s
i
Fromove ol >
¢ ’
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Image source

The image source defines where the image comes from. If you have
already acquired images that you wish to analyze, select folder or gallery
as the image source. In most cases, however, an image is acquired and
analyzed immediately. When you are acquiring images of large surfaces
using the mosaic technique, the size and position of the acquisition region
are defined using the MosaiX module’s Setup function. If you have several
samples, it is also necessary to define Mark&Find points.

To ensure unmistakable repositioning in the acquisition of MosaiX images,
the z focus and the x and y settings of the motorized stage are calibrated
after every restart of AxioVision.

Input forms

Input forms allow the user to enter the necessary project and sample data
during the measurement. You can freely define the data that you want to be
entered. The necessary fields and their link to the archive are defined in
layout mode. Layout mode is active as soon as editing is started.

The module includes two input forms: the project-specific input form and
the sample-specific input form. The project-specific input form is displayed
immediately after the measurement. It is used for entering general project
data. The sample-specific input form, on the other hand, is not displayed
until the data are saved in the archive. The number of times that it is
opened corresponds to the number of samples you have measured. In this
form you enter data relating to the individual sample, e.g. sample name or
material.
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Add New Object 5 X
ProjectNo:  POODDS
Cancel

Evaluated by:  Carl Zeiss Imaging Solutions

Date and time: 2008-04-29 13:28:12

Comment: Nice Measurement!

Standard input form for project data

Add New Object

Sample-No.: 1

Grinding-No.:
Material: i
Order-No.: 711
Customer: Mister Gresn

Downingstreet 10

45798 Westminster

Comment: interesting material -

Standard input form for sample data

Notes:
e For detailed information on editing form templates, see Chapter 7.3
"Templates for forms and reports".
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Evaluation script

General

An evaluation script defines which image-processing steps will be
performed in which sequence. It is not normally necessary to change the
evaluation script. You can choose which functions will be executed
interactively, i.e. which functions will be opened while a measurement is
being performed to allow the user to adjust parameters.

Notes:

In order to display and modify the evaluation script, you will need the
Commander module. The Commander module however is NOT
required for executing NMI Analysis.

Since modification of the evaluation script has dramatic consequences
with regard to the quality of the analysis, this should only be performed
by experienced users. It is essential that you read the "Commander"
section and the information in the online help before making any
modifications.

The evaluation scripts are not managed in the usual standard
AxioVision folders. The New and Rename buttons are therefore
inactive. The Save button only becomes active once you have made
changes to the script.
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¥ Script-Editer
Sorigh salaction: HWM| <ot
EdtedometTyzel = o'@ Paramatess
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[ Do v | (o ] | At .
? [7l/Auomalic % Sel Meanremeni Fiame (Famomat ) 3::;::""09 :n :
mage e
Fhais Labde Heowromel rd D
o€ Cr

Evaluation script in the Commander script editor
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Adapting the evaluation script

As long as you do not insert or delete any commands, you can modify the
behavior of the script simply by switching the commands on the
Commands tab on and off.

W Script-Editor
Sript sulection: H Hutiphae
Edeediroiect Typel >l Al Parametess
o s o o
oo | Ot Hubphave’ egmeriedmage
Tomaree 3 <23
Edge sien 1 3l
Sorgis Irwvest peswt Ho =
. | Mode Interacciive o
S | | Addmmsningphate No -
Voo~ CECEE - | O @
2| #]] Automatic % Sel Meanrement Fuame [ 2 ,
[emovmat | | Consebraymage e &
Phunsn table Nt = El

[ Commands)

You can incorporate any functions available in AxioVision into the script.
After doing so, however, you must ensure that the input and output
documents are correctly linked.
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¥ Script-Editar
Soripk selection: M Mutiphase
Eduedrodect Typel -« w3 Parsmetess
l r—— Ingas Dendnagel v l_J
e Ot Mubphaved egmerted mage
Tommre 3 2]
Edge suem 1 LN
Scrigk: Irvemst o o
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o

& Commonds
1 Eesaiphace Denzimesed v
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DEREEED
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The multiphase segmentation and its settings should not, however, be
deleted or changed under any circumstances.

Modifying report templates

In order to print the results of a measurement clearly, it is possible to
structure the appearance of the results report individually. A report
template may only be modified during the creation/editing of each test
specification and is, therefore, not accessible for standard users. The
predefined template is always used when you perform a measurement.

Note:
e For detailed information, see Chapter 6.4 "Creating data reports".
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Optional settings

General

With optional settings you define essentially the following items:
e Selection of the data to be saved (above all, image data)

e Behavior during image acquisition

e Presentation of result data after the measurement

It is imperative that you consult the Online Help function for information on
details of the parameters that can be set.

Memory space required

The quantity of data obtained in NMI is sometimes enormous, especially
when you acquire large images using the MosaiX module. The table below
shows the memory requirements for different conditions:

Image size in MB*
Pixel scaling
used Gray scale Color image
image
1.0 ym / pixel 1450 4350
2.5 ym / pixel 232 696
5.0 um / pixel 58 174
10.0 uym / pixel 15 44

You should carefully consider which original data should actually be saved.
Among others, the two factors outlined below may be a basis for decision:

¢ If you want to ensure that a measurement can be reproduced at any
time, you need to save the original data as they are. It is not
permissible in this case to scale down the original image or to save it in
a compressed format.
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¢ If you want to save the original image for documentation purposes, you
should consider whether a scaled down version could be saved in a
compressed format (e.g., ZVI or JPG). This will considerably reduce
the amount of image data, but they will not be suitable for subsequent
measurements.

Number of gray levels or color values of the images acquired

Another important consideration is the bit depth, i.e. the number of gray
levels or color values used for image acquisition. In the past, the entire
brightness or color range was captured 256 different gray levels (8 bit).
Most modern digital cameras have more than 256 gray levels. But here,
too, this means that the resulting image data files are exceedingly large;
the great number of gray levels (possibly more than 65,000) is not needed
for a measurement. It is possible, therefore, to enforce reduction to 256
gray levels:

Settings for acquired images
) Keep original

{*) Convert to 3 bit

() Convert to 16 bit

Conversion of acquired images to 8 bit

Note:

e If only sulfides and/or oxides are analyzed, a gray scale image is
normally perfectly sufficient. In order to distinguish between sulfides
and titanium nitrides, however, color images are required.
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Performing measurements

A measurement is performed via the Start NMI Analysis function in the
NMI workflow:

iR start NMI Analysitk

Mode
@ Mew projeck

() Continue project

Test Specification:
|

[ers 10247

Descripkion:

.Measurement EM 10247

o ] [ ]

Starting dialog for NMI Analysis

An NMI analysis is always based on a previously defined test specification.
This must have been created by a qualified user. No measurement can be
started until a template has been created.
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During the course of the measurement, the function dialog for which the
Interactive mode has been selected in the evaluation script will be
displayed. All other functions run automatically in the background.

The program will stop at each function for which Interactive has been
selected and the corresponding dialog will open. The predefined
parameters can then be modified and optimally adapted to the image in
question.

The functions that are carried out interactively feature the additional
parameter Always interactive during the execution of the program. This
allows the user to decide whether or not the dialog should be opened again
for the next image. This is particularly useful if you have set segmentation
thresholds, for example, and do not need to modify them again for
subsequent images. The thresholds can therefore be set using one or more
images and then applied automatically.

This option is useful if you are measuring several images immediately after
each other. Otherwise, this setting does not have any impact on the
running of the program.

The results document

At the end of the measurement the results window is displayed. This is
divided into three areas:

e Results view
e Gallery of images of the largest inclusions
e Gallery of unlikely inclusions

In this document the measurement results for each sample and each
standard are displayed separately. It is possible to view the results for a
different standard or sample here.

The results window is divided into two property pages. The first one shows
the numerical values with a classification table, statistical values and an
overview chart. The second shows the gallery containing images of the
largest inclusions and allows artifacts to be deleted.
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The results view

St S ' o1 Aate Simsdrd

e 05 - Area anshyred: 057 mint

Classilication Table Histogram - by 0G

Results document with results view

The document is essentially divided into three areas:

1. Chart
2. Classification tables
3. Statistics

The gallery of images of the largest inclusions

This gallery shows the largest inclusions. It is possible to filter the gallery
according to inclusion type (sulfides, oxides) or display it for all inclusion
types. In addition, in all standards (except EN 10247) it is possible to
display the worst field for each inclusion type.
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If the sample is still under the microscope and has not been changed, the
inclusion can be repositioned. This means that, if you click on the
Einschluss anfahren button, the microscope stage is moved in such a
way that you are able to view the currently highlighted inclusion directly in
the live image or through the eyepiece. If you establish that this object is an
artifact, you are also able to delete it.
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Results document with gallery of the largest inclusions
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The gallery of unlikely inclusions

This gallery shows objects that are “unusual”. Scratches, for example, are
filtered out on the basis of their angle. However, as it is also possible for
inclusions to have unusual forms or angles, automatic filtering of artifacts is
not sensible. Instead, all objects to which the parameters apply are
collected in a gallery and presented to the user following the measurement.
The user is then able to decide whether they are inclusions or artifacts. The
parameters can be changed under Prufvorschriften andern.

ol of Lntbely Irchasors

o
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Generating reports

Reports are generated separately for each standard. It is also possible to
combine several samples in a single report on the basis of a particular
standard. There are no restrictions with regard to either the number of
reports or the combination options. This means that you can measure the
samples of several customers or from several casts using a single
measurement but nevertheless generate a separate report for each case.

¥8 Report Setup

Standards
DM BOB02:1985

EM 10247:2007

[#] 45TH E45-05
[¥]150 49567:1933

V]IS G 05552003

Samples

() Partial zelection 1

() Full selection

Select all ] ’ Unselect all

[1Open summary for every sample separately

o] (o=

Dialog for generating reports
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12. Configuration Maodules
12.1 Commander

Introduction

AxioVision’s operating concept is based on the principle that in most cases,
rather than being faced with completely new tasks all the time, the user has
to carry out a certain number of recurring routine activities. Even the basic
system takes this into account, by offering the possibility of running through
routine activities step by step using workflows, without having to check the
last functions used — and their menu positions, each time.

With the Commander module, this concept has been taken further, and
enhanced in a consistent way. Essentially, the Commander offers the
following possibilities:

e Recording steps to be executed in sequence.
e Adding to, editing and refining the sequence recorded ("script").
e Batch processing: automatically applying a script to several images.

The Commander has numerous areas of application. As well as being a
means of "simply" automating the process of retrieving functions, a script
can also be regarded as an independent command in AxioVision, and can
even be used in workflows (for example). If used in combination with the
VBA module, you can even include VBA macros that you have created
yourself in a script as commands.
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Special points relating to the creation of scripts

Almost all of the functions available in AxioVision’s main menu can be
included in a script.

Once the process of recording the script has started, a button (which is
otherwise hidden) will become available. The button can be used to adopt
the command into the active script. Functions are not, therefore, "simply
recorded", as numerous commands that you do not require would then be
included too, and you would have to delete them. Often it is difficult to keep
track of this once you are inside a script.

Functions that do not have a function dialog (e.g. annotations and
interactive measurement functions) actually have to be executed before
they can be included in a script. Further information can be found in the
Script Editor’s online help.

Batch processing - application of a script to
several images

The automation of a number of commands is usually only one of the
aspects involved in the creation of scripts. The next step is applying them
to the desired number of images. With this in mind, the Commander
module has a separate function for batch processing. This allows you to
specify the number of images you want to process using a script, and
where these images come from:

» The first possibility involves acquiring the images directly via the
camera, and executing the script for these images. The script is started
after an image has been acquired. Once it has been executed, you can
acquire the next image, and so on, until you want to end the
processing.

» The second possibility involves acquiring images first, and saving them
on the hard disk before starting processing using a script. The function
for automatically saving images after acquisition is useful here (Tools
menu = Options = Storage and Acquisition).
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» Another option involves processing all of the images that are currently
open in AxioVision.

Limitations of scripts

The aim of the Commander is to enable the user to execute the commands
available in AxioVision automatically. It is therefore an aid to automation.
The Commander should not be confused with a programming language, as
the typical elements of programming (generation of function dialogs,
variables, loops etc.) are not available. The VBA module should be used in
such cases.

Use of scripts by several users of a system

Microsoft Windows 2000 and Microsoft Windows XP, which are designed
to allow several users to work on a system, are fully supported by
AxioVision. More specifically, this means that each user can create his/her
own AxioVision environment without other users of the system being able
to access the configurations and files that he/she generates (see also
section 8.3 "User and Data Administration").

AxioVision therefore saves scripts by default in the following folder:
"My Documents\Carl Zeiss\Data\Script"

Frequently, however, you will want to make a script that has been created
available to all users of a system. When you are saving a script, you
therefore have the option of selecting whether you want to save the current
script for yourself only, or for all users.
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(X

New script

Mame:

Documentati0n|

Infiormation:

Simple image documentation:

- Image acquisition from camera

- Adjustrment of brightness, contrast, gamma
(inkteractive)

- Draw a scalbar

- Draw free annotations

- Save image

Locakion:

@ User k

) Workgroup

I K, l [ Cancel ]

The scripts are now saved in the following folder:
"C:\Documents and Settings\All Users\Documents\Carl Zeiss\Data\Script"

Icons in the list of scripts in the Script Editor or on the toolbar indicate
whether a script has been saved for the current user only, or whether it
may be accessed by all users:

Script selection:
ﬁ User Scripk A
v

i Workgroup Script
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Installation of scripts on other systems

Scripts can easily be transferred to other systems. The Commander
module must not be present on the target system. The installed scripts can
be executed at any time via the menu, or via the Commander toolbar.

Commander scripts form part of an individual AxioVision configuration.
They are therefore also saved when you save a configuration using the
Import/Export Configuration function on the Tools menu. To avoid
problems, we recommend that you use this function to save and transfer
scripts to other systems. Further information on the use of this function can
be found in section 8.7 "Exporting and Importing User Configurations”.

NOTE:

¢ If functions that are part of a module are used within a script, you must
ensure that the relevant module is also available on the target system,
and has been activated in the Module Manager (Tools menu =
Modules Manager).

Recording a script

In this exercise you will learn how to record and save a script using the
script editor. A simple documentation task will be used as an example:
acquire image, enhance contrast, draw in scale bar, save image.

Specifically, the following steps are covered:

creating new scripts, entering a description
starting the recording of a script

behavior of the script editor during recording
adding commands to a script

saving a script
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NOTE:

e The following example describes the selection of the commands to be
used via the AxioVision main menu. You can, of course, also call up
the appropriate commands via toolbars, workflows and your own
customized dialogs. Please also read chapter 2 "Overview and
Operating Concept".

e Before you start to record a script, you can determine the behavior of
the editor during recording with the function Commander — Options..

> Open the script editor. To do this, Cormmandsr | Tooks  Window
select the Script Editor function 1@ seript-Information B
from the Commander menu. P
P Run script Fg

K, script batch Fio

@’ Seript-Editor  Chrl+E *

» The script editor is the "control
center" for creating and revising
scripts.

» Torecord a new script, click on New  script selection:

under Script selection. 3

| hew *[ Rename | v
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Enter a name in the New script
dialog that describes the script as
clearly as possible. You can also
describe the content of the script in

more detail in the Information field.

Via Location you can specify
whether the script should be
available only to you or also to all
other users of the system (the
Workgroup).

Click on OK, to create the new
script.

An empty script window is now
displayed.

» Now start recording the script by

clicking on the Record button.

New script g|
arne:

Documentation

Information:

Image documentation:

- Image acquisition ower camera

- Adjustment of brighness, contrast, gamma
(interactive)

- Draw in scale bar

- Draw in free annotations

- Image saving

Location:

@ User
() warkgroup

| O *’ Cancel

Seript:

Commands | Images

Remaove
Remove all

Single step

Record
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»

>

If you have activated the Minimize
Script Editor while recording
option in the function Commander -
Options, the script editor is hidden
and only a window with the buttons
Record and Stop is displayed. This
means that there is more space on
your screen for working in
AxioVision.

You can now work entirely as
normal in AxioVision: First open the
live image via the Acquisition menu
= Live function.

Select a scaling that is suitable for
the objective you are using from the
List of available scalings in the
area at the bottom of the live
window.

Close the Live window.

NOTE:

The live window does not have to be
adopted into the script. Itis
automatically displayed if you
execute the Snap function
interactively.

Record | Stop

w0 3 L ) e o (2
ITnr

J
|
J

[Pixel =1

o2 | I 4

Now select the Snap function from the Acquisition menu.

The image is acquired and the Add
to script dialog is then displayed.
Using this dialog, you can decide
whether or not each command
should be included.

Add to script - Snap

‘AxioCamMRS, AxioCamMRCS1'
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» Click on Yes to adopt the command into the script. This closes the Add
to script dialog window.

» Now execute the following functions =
in addition to the Live function, and canner | 11

X N Automatic | Snap
adopt them into the script as B i
described above:
e Processing menu, Adjust group,
Brightness/Contrast/Gamma
function. [oves ]
e File menu, Save As function.
» Then save the script by clicking on Seript selection:
Save under Script selection. o :
Docurnentation || [
> Once the current version of the | mew || mename || Save*\d
script has been saved, the Save

button is displayed in gray.

”<

Inserting commands into an existing script

Often, after recording a script, you will discover that the sequence does not
meet your requirements. Perhaps commands are missing, or the
commands that are included do not function as expected.

This exercise describes how to expand a previously recorded script in the
appropriate way:

e executing a script step by step

e inserting new commands

AxioVision User's Guide, Release 4.7 12-9
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NOTES:
The following example describes the selection of the commands to be
used via the AxioVision main menu. You can, of course, also call up
the appropriate commands via toolbars, workflows and your own
customized dialogs. Please also read chapter 2 "Overview and

Operating Concept".

The "Documentation” script used in the following example is the result
of the previous exercise "Recording a scrip". It is assumed that you
have carried out the exercise as described and that the script is

therefore available.

» Open the script editor. To do this, Commander | Tools  Window
select the Script Editor function -@.) Seript-Information B
from the Commander menu.

F  Run scripk Fa
ke Script batch Fi0
|%’ Script-Editor  Chrl+E *
> In the list under Script selection, Script selection:
select the script that you want to Documantation v
change. k
[ Mew l [ Rename l L
» The selected script is immediately |
. . . . Cammands | Images
displayed in the script editor. ST
[7] |sutomatic +
. iulnmahc v Raroveal
> Below, we will incorporate the
possibility of drawing in a scale bar
and adding free annotations after
the Brightness/Contrast/Gamma
command. Crven )

» You can now insert new commands
at any location. To do this, select the
last line Save As.
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» To insert further commands, you

should first execute the script up to A“‘ '“jgbp ,
the line after which the new s B s =
command is to be inserted.

» Highlight the first line Snap and then
click on Single step. The image that
is currently set is acquired.

Single step

NOTES:
e If the image is unsatisfactory, adjust it first via the live image.

» Click again on Single step. The Brightness/Contrast/Gamma
function is executed.

> After the execution of
Brightness/Contrast/Gamma the Bl - |

last line is highlighted, as the cursor & awens = HEIEIZEE

moves on automatically. When you

insert functions, however, they are

inserted after the position that is

highlighted at that moment.

» You should therefore activate the Lraee
Brightness/Contrast/Gamma
function by clicking on it.
» Commands are inserted simply as a ) N
result of the desired functions being
recorded. laEsaiid Run

AxioVision User's Guide, Release 4.7 12-11



Modules - Commander

>

If you have activated the Minimize
Script Editor while recording
option in the function Commander -
Options, the script editor is hidden
and only a window with the buttons
Record and Stop is displayed. This
means that there is more space on
your screen for working in
AxioVision.

Now execute the following functions
one after the other and adopt them
into the script:

e Annotations menu, Scale bar
function

e Annotations menu, Draw
Annotations function

The new functions are now
displayed after the
Brightness/Contrast/Gamma
command.

“ Scrip.... Qlilgl

Record | Stop
Seript:
Commands | Image:
Automatic | Snap
Automatic % Brightness/Contrast
Automatic v |la]

Automatic |5

Single step

The script now contains all the commands required. However, to ensure
smooth operation there are two other things that need to be considered:

1. The live window is not closed in every case, but only if the Close after
Snap function in the live window’s shortcut menu has been activated.

2. Documents may still be open. At the start you should therefore ensure
that all documents have been closed.

3. Start the recording again and insert the Close all command from the
Windows menu.

12-12
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» The Close all command is now
. . . Commands | |mages
displayed in the last but one line. It A‘ -
should, however, be executed at the e R
start of the script. p—
[ [Automatic  w | Save e
» To move it to the first position in the
list, highlight the line and click on
Move up until it moves to the first lijﬂ
line in the script.
Script:
Commands \ Images
T ——
[¥] | Automatic | Snay
Autamatic v Draw anniotation
Draw Annatation(s]
Automatic | Save As
NOTE:
e You can also duplicate individual lines by using Ctrl C (copy) and Ctrl
V (paste) keys. The line is then included twice in the script.
» Finally, save the script by clicking on  script. selection:
Save under Script selection. € Documentation -
> Once the current version of the | nmew || Rename || Saveplv
script has been saved, the Save

button is displayed in gray.
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Changing the way individual commands are
executed, selecting images to be displayed

This example shows you how to influence the way in which individual
commands behave during the execution of the script. In addition, you will
be shown how to specify which images are displayed/not displayed during
and/or after execution:

» displaying function dialogs during execution so that you can adapt
parameters (interactive execution of commands).

» switching individual commands on and off so that commands are not
executed (useful for testing a script).

> specifying which images should be displayed during execution, to
prevent too many images from "blocking" the screen.

Notes:

e The following example describes the selection of the commands to be
used via the AxioVision main menu. You can, of course, also call up
the appropriate commands via toolbars, workflows and your own
customized dialogs. Please also read chapter 2 "Overview and
Operating Concept".

e The "Documentation” script used in the following example is the result
of the previous exercises "Recording a script" and "Inserting
commands into an existing script”. It is assumed that you have carried
out the exercises as described and that the script is therefore available.

In the following example the "Documentation" script is modified to meet the
requirements described below.

The Close all function should simply close all images, including those that
have not been saved, without asking whether the images should be saved.
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The execution of the script should be interrupted at the following
commands so that settings and parameter values can be entered in

dialogs:

¢ Record, so that you can position the specimen correctly and focus.

e Brightness/Contrast/Gamma, so that you can adapt the settings to
the image that is currently being acquired.

e Save As, so that you can change the folder, file name and image

format.

Only the resulting image should be displayed in AxioVision, not the

acquired image.

» Open the script editor. To do this,
select the Script Editor function
from the Commander menu.

» Inthe list under Script selection,
select the script that you want to
change.

» The selected script is immediately
displayed in the script editor.

» Click on the Close all function.

Commander | Toaols  YWindow

@ Script-Information

P Run script Fo
e Script batch Fi0

@’ Seript-Editor  CHE *

Script selection:

€ Documentation vk

[ ey ][ Rename ]

Seript

Commands | Images

L
Automatic | Snap
emave al
o
i

Automatic | Bright
Butomatic | Draw
Draw
Automatic | Save As...

AxioVision User's Guide, Release 4.7
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» Under Parameters on the right-hand | g ¢z ) |

property page, switch the setting for

Force close from No to Yes.

» The Close all function will now close

all open documents without asking

whether unsaved documents should

be saved.

» Click on the Snap function and
switch the Automatic parameter to
Interactive.

» Carry out the same action for the
Brightness/Contrast/Gamma and
Save As functions.

» To specify which images are
displayed during execution of the
script and which are not, switch to
the Documents property page.

» If the Visible column is not
displayed, move the slider at the

bottom edge completely to the right.

» Now deactivate the Visible option
for the Snap command.

» Only the resulting image is then
displayed during automatic
execution (see next exercise).

Parameters

seript:

Commands | Images

Interactive | <@ Snap

Autamatic tightness/Cantrast
Autometic % | Diaw annotation
Diaw Annatation(s]

Automatic v | Save As

Script:

Commands \ Images

Close al [ Remove |

Interactive % | Snap
Interactive  ~| Brightness/Contrast

Automatic | Draw snnotation

Draw dnnotationfs)

Interactive %

Commands  Documents ‘ Parameter

Commands ut documents Output documents Visible
B lose all
31 5nap Tnput
¥ Brightness/Contrast. Input () BrightnessContrastIm...

® Draw annotation ErightnessCantra...
ation(en) ei... Bright

aaa

Seripk:

Commands  Images

Commands Input documents Output documents | visible

Close al

&
W Brichtress/Contrast AxioCamMRest [ Bri
® Draw annotation  BrightnessContra... [.)
% Draw Annatation(s) BrightnessContra... [.]
Hsave as... BrightnessContra... ()

12-16

M 60-4-0004 e / printed 05.2008



Modules - Commander

» Then save the script by clicking on Script selection:

Save under Script selection. €} Documentation -
Once the current version of the [ new || Rename || Save*ﬂ
script has been saved, the Save

button is displayed in gray.

b

R

Executing a script automatically

This example shows you how to execute a script and how to influence the
way in which individual commands are executed:

displaying the Commander toolbar.
executing a script automatically.
displaying script information.

NOTES:

The following example describes the selection of the commands to be
used via the AxioVision main menu. You can, of course, also call up
the appropriate commands via toolbars, workflows and your own
customized dialogs. Please also read chapter 2 "Overview and
Operating Concept".

The "Documentation” script used in the following example is the result
of the previous exercises. It is assumed that you have carried out the
exercises as described and that the script is therefore available. If not,
you can load it directly from the AxioVision installation CD. You can find
the script on the CD in the folder "Other\AxioVision 4 sample

files\Commander scripts”. Load the script directly over the IEJ button
under Script selection in the Script Editor.
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» The simplest way to execute a script standard
is via the Commander toolbar. If the
toolbar is not displayed, select the
Toolbars group from the View
menu and there select the lleaclislAnuekakions
Commander entry. Measure

Commander

Display

Annatations

k
Acquisition
DisplayZontrol

Microscope

Warkflow Ctrl+E
Workarea ChrlHh

Skakus

Customize. ..
» Then select the script that you wish B oot R > N E
to execute under Select Script.
> If you are not sure whether it is the - . @R:n B
right script, click on Info after K
making your selection. The Script
Information window is then © Script information
displayed. This contains a more Image documertation:
detailed description of the script (if :Lr;?ugsi;;qnﬁi;iftigg e st
this was entered by its creator). and gamma (interactive)

- Draw in scale bar
- Draw in free annokations
- Image saving

| oK | [ Cancel
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Selsct Seript Info  |Run | Repest = Script-Editor

» Click on Run to start the execution £ bokmentation v @ EL»;

of the script (the Script batch option
is explained in the following
exercise).

Preparing a script for batch processing

Processing several images using a single script is the real area of
application of the Commander, or rather of the scripts that are created with
it. This exercise shows you the conditions that a script has to meet in order
to be executed via the Script batch function.

e Preparing a script for batch processing

e Executing the function for batch processing
e Selecting the image source

e Setting the saving options for results files
NOTES:

The following example describes the selection of the commands to be
used via the AxioVision main menu. You can, of course, also call up
the appropriate commands via toolbars, workflows and your own
customized dialogs. Please also read chapter 2 "Overview and
Operating Concept".

The "Documentation” script used in the following example is the result
of the previous exercises. It is assumed that you have carried out the
exercises as described and that the script is therefore available. If not,
you can load it directly from the AxioVision installation CD. You can find
the script on the CD in the folder "Other\AxioVision 4 sample

files\Commander scripts". Load the script directly over the IEJ button
under Script selection in the Script-Editor.
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> If you want to execute a script via the Script batch function, it must
meet the following conditions:

1. It must not include a function that opens an image file or acquires
an image via the camera.

2. The first function within the script that requires an image as input
must use the image that is currently loaded. Since, however, at the
time the script is created it is not known where this image will come
from and what name it will have, a general place-marker must be
used (what is known as the "active image").

3. As an option, the Script batch function can save important images
automatically. This means that functions for saving do not
necessarily have to be included in the script.

» Open the script editor. To do this, Commander | Tools  Window
select the Script Editor function = = — -
from the Commander menu. (&} Seript-Information

P Run scripk Fa
e Script batch F10

@’ Script-Editor  Chrl+E *

> Select the script that you want to be  seript selection:
changed in the Script selection € Documentation 3
drop-down list box. k
[ Mew ] [ Rename ] b
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» The selected script is immediately

Commands | mzges

displayed in the Script Editor. .

Remave

- Remave al

Interactive | Brightness/Contrast

> In the Script field, select the Snap (9 iz Dran omotton

Diawe Annatation(s)

and Save As commands, one after 9 [nerscis R
the other, and delete them using the

Remove button.
Commands | Images
Close all

Interactive |+ | Brightniess/Contrast
Automatic |+ Draw arnatation
Draw Annatationls)

The commands that are executed automatically by the Script batch
function have now been removed.

You must now ensure that the first image-processing command
(Brightness/Contrast/Gamma) actually uses the loaded or acquired
image as the input image.

» To do this, click on the Images tab Comnencs ‘k

Remove all

. . . Commands ut documents Output documents wisible
sheet in the Script field. Rcise
e snap Input
*¥:Brightness/Contrast Input () BrightnessCentrastim...
Seript:
> Select the
. Commands  Images
Brightness/Contrast/Gamma
B Close 4l
command. 5 5
% Draw annotation BrightnessContra... [, M

% Draw annotstion(s) BrightnessCorkra... ()

» To change the input image, select

the [Z] button under Input
documents to open a gallery for
selecting an image.

AxioVision User's Guide, Release 4.7
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» If you have not previously loaded or
acquired an image, the gallery will O e
be empty, as shown in the S
illustration on the right.

> Here, select the Activelmage
command. The "active" image is
then always used as the input image | cee maes
for the i
Brightness/Contrast/Gamma s :
function — irrespective of the source  bran fmetatnie) prgtnssscertea.
from which it originates (camera,
file) and its name.

» Finally, save the script by clicking on  script selection:
Save in the Script selection field. € Documentation 3

> Once the current version of the | mew || Rename || Save*ﬂ
script has been saved, the Save
button is displayed in gray.

» Close the Script Editor. "k

NOTES:

e Before you save the script, think about whether you will only want to
use it with the Script batch function in the future. If not, you should
use a different name.

e In this case, click on the arrow to the right of Save, under Script
selection, and select Save As. This function allows you to save the
script under a new name.
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Repeating scripts

The Repeat function allows you to apply a script to any number of images.
The images may already be available as files in a folder or may already
have been loaded in AxioVision. You may, of course, also acquire them via
the camera. In addition, you can specify, for each resulting image within the
script, whether or not you want the image in question to be saved. The
following steps are carried out in this exercise:

o Executing the function for repetition
e Selecting the image source
e Setting the saving options for results files

NOTES:

e The following example describes the selection of the commands to be
used via the AxioVision main menu. You can, of course, also call up
the appropriate commands via toolbars, workflows and your own
customized dialogs. Please also read chapter 2 "Overview and
operating concept".

e Before you perform this exercise, you should ensure that you have
worked through the previous example "Preparing a script for batch
processing".

» To execute the script for several Commander | Tools  ‘Window
images, select the Repeat script
function from the Commander
menu.

Scripks 4

Script-Information

Run scripk Fa

Y

b

|'f;. Repeat script Flﬂ%
& soiptEditor  Ctr4E

Commander Commands

Options
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» First, select where the images Select source:
should originate from in the Select Camera v
source drop-down list box. In most CEEIES
cases you will presumably acquire ActhveAcq son g
them via the camera.

Mumber of snaps:

vl Snap until user pressed cancel

» If you work with several cameras, select the ActiveAcquisition setting
in the Camera drop-down list box. The camera activated in the
Acquisition menu will then be used each time.

» Finally, specify how many images you wish to acquire. If the number is
not known, activate the Snap until user pressed cancel option.

» Now select, under Script selection, | sese|
the script that you wish to use. & oocunertaion v*

Wisible output documents:

Commands Output documents Save

2 3l

> If you are nOt sure Whether It IS the ngtess/tuntrast BrightnessCantrastimage S]]

® Draw annotation BrightnessCantrastimage [
. . . nro ® Draw Annotation(s)
right script, click on

after making your selection.

» The Script information window is € Script information
then displayed. This contains a
: iRt Image documentation:
more d_etallled description of t.he e eanidtion aver camera
script (if this was entered by its - Adjustment of brighness, contrast
and gamma (inkeractive)
Creator). - Draw in scale bar

- Draw in free annokations
- Image saving

| oK | [ Cancel
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» The Visible output documents list s et
shows all commands that generate @ [ & wumasen
results file (image, data table). bl et st

Commands

B closs all

¥ Bright

» Via the Save column, you can
specify whether or not you want the
image to be saved automatically
during execution.

» If the image is to be saved, you can specify the Save options via the

E] button.

» The saving options include syt E]
specifying the Folder in which the e
image in question should be saved Newti nane
and the way in which the New file | =~
name should be generated, as well o Zas o moges 2] 3

as selecting the Image type. Enter
the required settings here and adopt
them by clicking on OK.

» Finally, start the execution of the Batch : Documentation

script by clicking on Start. N q ol
( ]

The commands are now run through as if you were selecting them
interactively via the menu.

A Repeat:Name status window is opened which gives you the option of
exiting the script at any time using the Cancel button.
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12.2 VBA

General

The VBA module enables you to simplify routine tasks with the help of
macros, and to program your own applications.

AxioVision contains the most recent version, VBA 6. In this version the
language features of VBA are on a par with Visual Basic.

If you have never done any programming before, we advise you to build up
your knowledge in advance. As Visual Basic/Visual Basic for Applications
is a very widely used standard, you will easily find a wide range of training
programs and literature to meet the needs of people with almost any level
of prior knowledge.

Section 8.5 "Adapting the User Interface" describes how workflows,
toolbars and shortcut keys can be used to adapt AxioVision to your
personal work situations, and to make your work a great deal easier and
more convenient. With the additional possibilities offered by the VBA
module, you can let your imagination run free, as there are no longer any
restrictions when it comes to configuring AxioVision to meet your individual
requirements.

The AxioVision object model

In addition to a description of the general VBA functions, AxioVision’s
online help also contains documentation on the AxioVision objects.

This online help can be found in "C\Program Files\Common Files\Carl
Zeiss Vision\System\ZIPL". Open the help file by double-clicking on the file
"zipl.chm".
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Managing and running macros

There are two ways to run macros that you have created in the Visual
Basic Editor:

» The first is via macro management. From the Tools menu select the
Macros function. Besides the possibility of running macros, here you
will also find functions for deleting macros, starting the Visual Basic
Editor etc.

» The second possibility is via the function for running macros. From the
Tools menu select the Run Macro function. A list of the macros you
have created is then displayed. Select the desired macro and click on
Start to run it.

Running macros via workflows, toolbars and
shortcut keys

A much more convenient option, however, is to integrate each macro into
the user interface.

Macros are treated in the same way as any other function in AxioVision,
and can therefore be used via workflows, toolbars and shortcut keys, as
required. In the Tools menu under the Customize function you will always
find a Macros branch on the corresponding property pages. The list of the
macros you have created is also available.
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!§lh :
Tolbars | Kefboard | Disiogs | Workfiow |

Select Command ~Select Toohar—————————————————  moaal
-~ Macios | standard =l
& Settings
~[E User Dislogs New | Deee | At |
E-E Menu
-1 New document = Separator

- Open document

% Image File Browser

-l Save Maove Up
— Separator

& Frint Move Down

~— Separator
Add> % ot
Copy
as henu B, Paste

— Separator
Bl Live

<Remove ~f@ Snap

FH Soale bar

A Text
~— Separator

(=] Mavigator
~B] whorkflow —
-0 Workarea

E!I Gallery ;I

o ISmaII j'
Tent IShow text labels hd

0K, I Cancel I Aoply

NOTES:
e Section 8.5 "Adapting the User Interface" describes how workflows,
toolbars and shortcut keys can be used to adapt AxioVision to your

personal work situations, and to make your work a great deal easier
and more convenient.

The VBA online help

The VBA online help makes the following information available.

Welcome to Visual Basic documentation

The documentation on Visual Basic is extremely diverse. Each individual
component has been created to help you to familiarize yourself with
particular aspects of the product. The documentation supplied with Visual
Basic covers the components described below.
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Felp with the Visual Basic user interface

Here you will find information on interface elements of the Visual Basic
Editor, such as commands, dialog boxes, windows and toolbars.

Visual Basic concepts

The context-sensitive help contains information that will help you build up
your knowledge of programming in Visual Basic.

Help with Visual Basic procedures

In this area of the help you will find useful information on general
procedures, such as the use of the object catalogue or the specification of
Visual Basic environment options.

Visual Basic language directory

In the language directory you will find information on the Visual Basic
programming language, i.e. all of its methods, features, statements,
functions, operators and objects.

Visual Basic add-in mode/

If you want to adapt the Visual Basic Editor, in the language directory you
will find information on the object model, which will enable you to expand
the environment.

Reference for Microsoft Forms

Here you will find information on Userform objects and control elements,
and on programming with Userform objects and control elements in Visual
Basic.
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