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1. INTRODUCTION

IMPORTANT NOTE TO THE READER : Most sections of this
User Guide are common to both the Aphelion LabAgpitklion Dev

products. In the common sections, the producteséed is simply
Aphelion. In those sections not common to bothipets, the product
referenced is either Aphelion Lab (or simply Lab)Aphelion Dev

(or simply Dev). The sections also related to ApheSDK are from

1. Introduction(i.e., this section) through.4.5 Aphelion Installatign

and also section Programming examples (Dev and SDK only)

This User Guide provides basic information aboutgig\phelion™
products, from installing its software to procegsimages and
printing your results.

Throughout this guide, you will find references #alditional
information contained on the Aphelion DVD.

Aphelion's Online Help can be accessed from nteeu bar by
choosingHelp®@Help Contents.  This User Guide will open as an
HTML Help.

Note: You can access all Aphelion documentation withosialling
the software; just look at the files in thep folders on the DVD

11
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2. FINDING YOUR WAY AROUND

2.1 Using Windows

To use Aphelion, you should be familiar with the ndéws
operating system installed on your computer KB, Vista, or j and
basic Windows features such as clicking, doubltgkcig, and drag-
and-drop editing.

Note: Unless otherwise specified, when we talk abafihdow$
environments in this document, we mean the Mict8soperating
systems known aXP, Vista and 7. Specific behaviors of these
Windows$ versions are explained if necessary.

2.2 Our notations

In this document, some shortcuts are used to $yrtpke text. The
following describes those shortcuts.

Installation Path - Installation path names will vary depending on
whether a 32-bit or 64-bit installation has beerfgpmed. Many
times, the only difference in a path name is tregiation of either
Program Files Or Program Files (x86). To avoid needless repetition, we
will write <Aphelion Installation Path> instead of &:\Program Files\ADCIS-
AAI" Or "C:\Program Files (x86)\ADCIS-AAI."

12
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2.3 Product Support

Problem reports, comments, enhancement requedtBraduct Serial
Number requests should be submitted via email to:

If DVD was provided by: Aphelion Support Team:

ADCIS SA or unknown source support@adcis.net

Amerinex Applied Imaging, support@Amerineximaging.com

Note: Technical support is handled only by electronalmSupport
messages must include 1) the name of the compasrganization to
which the software license is granted, 2) the emairess of the
person requesting support, 3) a phone number #mabe called by
our customer support team to ask for more technidalmation

about the problem, 4) the Serial and version nusnbkthe software,
5) the version of the Windows operating system, @nd detailed
description of the problem with the list of opevas to call to
demonstrate the problem.

For additional technical help, visiimw.adcis.net/len/Support/Login.html Or

www.amerineximaging.com/en/Support/Login.html, and then enter the

following information:
Username: Name issued to you when you first requested stippo
Password: Password you entered when you first registered.

Product Serial Number: This number is available in Aphelion’s

Help® About window.

13
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Support is available at the following locations:

In France:

ADCIS SA

10, Avenue de Garbsen

14200 Hérouville Saint Clair

France

Fax: +33 (0)2-31-06-23-09 Email: suppati@ls.net

In the USA:
Amerinex Applied Imaging, Inc.
P.O. Box 6473
Monroe Township, NJ 08831
USA
Fax: +1609-944-8855 Email: support@Amerimexing.com

For other locations, please contact your localasgmtative. A list of
official representatives is available in our Webgm

14
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2.4 Installing Aphelion

2.4.1 System Requirements
Aphelion requires the following minimusystem configuration:

Windows® XP, Vista, or 7 operating system

Windows® 32-bit or 64-bit operating system

Super VGA monitor (1024x768 resolution, 65,536 x)lo
Intel® Pentiun? 4 processor, or equivalent

1 GB of RAM

Hard drive with at least 200 MB free space

A network interface adapter supporting the Eth&rpebtocol
and compatible with NetBi6s

A local or network DVD drive (for software instéitan)

2.4.2 Aphelion Licensing

The licensing mechanism is based on the networktadaf the
computer on which Aphelion software is being inethl Refer to the
sections2.4.3 Aphelion Installation Prerequisitesmd2.4.5 Aphelion
Installationto learn more about the installation procedure.

An evaluation version of Aphelion is time limited’he duration of
the evaluation period is computed based on the tHatevaluation
Product Serial Number is actually generated. Fstaadard 15-day
evaluation period, if the installation happens fsdatter receiving the
Product Serial Number, then Aphelion will run dgrihO days. |If
Aphelion has not been installed during the periotbodays, call your
local supplier and ask for a new Product Serial biern To install the
evaluation version, follow the instructions provdm the sections
2.4.3 Aphelion Installation Prerequisitesand 2.4.5 Aphelion
Installation

15
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Evaluation and permanent installations of ApheBoftware involve
two coded character strings: an identification dibaé pops up during
installation and a license code that is typed innduinstallation.
Each pair of codes is unique for a given instalfatiThey comprise a
sequence of alphanumeric character groups, usiaaitycharacters
per group, such as: 1S12-129J-RM7W-LG4D-LH4S-P¥ERB3,
except the first string of the identification Coalich is only two
characters.

License codes are provided via return electronidl fram our
Support Staff in response to a user email thatidied an installation
identification code. The email with the identitice code should be
sent to one of the two addresses listed above datiose2.2 Our
notations

Please be sure that your computer system meetsaoimgitions
described in sectio.3.3 Aphelion Installation Prerequisiteslf it
does, then follow the instructions given in sectidd.5 Aphelion
Installationto install Aphelion on your system.

2.4.3 Aphelion Installation Prerequisites

Aphelion can only be installed on a computer eceippith either a
properly configured network adapter (non-virtuaater) or with an
optional Aphelion USB dongle. If your computer sloet have an
appropriate network adapter, please contact younekgn supplier
for information about purchasing an Aphelion USBgle.

2.4.4 Installing the USB Dongle

The Aphelion™ USB dongle is an optional device firavides users
with two capabilities. The dongle enables instialtaof Aphelion on

a computer that does not have a suitable netwaakted (see the
section immediately above). The dongle can alsadeel to enable
non-concurrent execution of Aphelion on multiplenputers simply
by moving the dongle from one computer to another.

16
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Note: Only a single copy of the software can be used tane; the
dongle must always be connected to the computewtuonoh the
Aphelion license is used.

DO NOT perform the following procedure unless y@&phelion
installation will be using an Aphelion USB dongle.

1. DO NOT connect the dongle to the USB port until Stepet, (not
before the complete installation of the driver).

2. Open a Windows session with Administrator rights.

Run the program S —
\Dongle\AphUSBSetup.exe Which can be @ o o
found on the Aphelion DVD. Thisstep ©
will install the dongle’s driver and end by =
displaying the window shown to the

right.

Note for Windows 7 The Program compatibility assistant window
opens. Select the optiommHis program installed correctly,” then click the
OK button to complete the installation.

4. Connect the dongle to your computer. After a feavments the
wizardFound New Hardware opens (see following).

5. Select the optionifistall the hardware automatically (recommended)”
then click the buttonext (see right). Hardware device detection
can take a few minutes. Note: Windows XP and \isila
display the warning windowThe software that you are
installing...was not completédClick on the buttorContinue... to
complete the installation.

6. The final window of the wizardound New Hardware opens. Click
onFinish to close this window. The popup windo@BUSB Ver
2.0, Device driver software installed successfully.” appears in the
Windows desktop status bar.

17
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2.4.5 Aphelion Installation

Important note: Be sure to use a Windows session with
Administrator rights to install the software. Wy have doubt about
your rights, contact your local system administrato

Tip: Your computer must have at least 200 Mbyteses frard drive
space for error-free extraction of the Apheliortafiation files. If the
C: partition of the hard drive has fewer than 20fytds of free space,
then the files extraction can be performed in aothartition that
does have enough free hard drive space. To usmer Ipartition,
create a temporary folder in this partition (esgelected partition>:\tmp)
as follows:

Click thestart button, then select thin program.
Type “‘cmd in the Open field and left-click theok button.

At the cmd prompt, type Set tmp=<selected partition>:\tnipand
press the&nter button.

At the cmd prompt, typeEXit” to close themd.exe window.

1. If you received the software on a DVD, please asthat the
Aphelion DVD is in the DVD drive.

2. Execute the installation prograxphelionDev Setup 4.x.y.exe for
Dev orAphelionLab Setup 4.x.y.exe for Lab. This file can be
found in the root foldeof the DVD if you received the software
on a DVD, or on your hard drive if it was downloddem the
Web site of ADCIS S.A. or Amerinex Applied Imagiriag.

3. Follow the instructions as they appear on the saleeng the
installation.

18
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4. After you have
read and accepted
the End User
License

Agreementthe
Registration

window appears
on the screen. Theg
software being
installed, its
version, its release

[] Aphelion Dev 4.0.6 Setup
Registration
Information to send back to obtain your License Code. phido

=)= =

If you are installing Aphelion on this computer for the first time, please send an e-mail
message at support@adds.net with the following text to obtain your License Code:

Package : Aphelion Dev 4.0.6

Identification Code : AC-53Z1-19E7-EHP6-183M-C5IP-7TB1-41P6-YTBR-CMPE-WUU3
System : Microsoft Windows Vista 32 bits

Release date : 28/01/2010

Enter the License Code you received in the following 'License Code' text box.

Aphelion Imaging Software Suite - User Guide

8. Continue the
installation until the
window Completing
the Aphelion Dev 4.x.y
Setup Wizard for Dev
Of Completing the
Aphelion Lab 4.x.y

["] Aphelion Dev 4,06 Setup

Aphelien™ Dev

=a =]

Completing the Aphelion Dev 4.0.6
Setup Wizard

Aphelion Dev 4.0.6 has been installed on your computer.

Click Finish to dose this wizard.

[#]Run Aphelion Dev 4.0.6

Name
Company

License Code

Paul R, Smith

Smith & Co

WLX2-EPYZ-TAY 2-BNMC-3HNO-YRWZ-G3PS| |

[ < Back ][ Next > l[ Cancel ]

date, the operating

system, and the Identification Code will all bepthyed in the
Registration window (see red box above). If you are instaltime
current version of Aphelion for the first time, gée select and
copy (Ctrl + ) the information in the red box, pastei(+ V) it
into an email message, and send it to the Aph8ligaport Team
as shown in Sectida2 Our notations

5. By return email, within one business day, the AjpineSupport

Team will send you

the License Code needed to aimpbur

installation of Aphelion (see green box above).

6. Fillin the Name, Company, and License Code fi@ldsng the
License Code you received from the Support Tearfirsidime
you installed the current version of Aphelion).

7. Select the folder in which Aphelion is installedote that the
default folder is<Aphelion Installation Path>\Aphelion 4.x.y\Dev for
Dev anckAphelion Installation Path>\Aphelion 4.x.y\Lab for Lab,

where the x.y characters stand for the release eunily keeping

this default folder structure, you will install éeiwew software
release version into a folder whose name will spoed to the
version number. You will then be able to execypesaious

version at any time.

19

Setup Wizard for Lab
pops up, and then
click on theClose
button to finish the <Back
installation.

2.4.6 Camera interface installation

If you have an IEEE1394 compatible camera that demwith the
[IDC version 1.31 specifications, then you willddge to interface this
camera to Aphelion by installing the includedu 1394 Digital Camera
Device driver. After installation of Aphelion, instalhis driver by
proceeding as follows:

1. Connect the camera to the computer using a Fire¥slske.
Windows will automatically install a generic drivier the camera
that you just connected. By default, the drivehegeneric
IEEE1394 camera driver.

Note: If your computer does not have a FireWire portfaihsa
FireWire adapter card compatible with the IEEE1384HEEE1394b
protocols, depending on the protocol supported byr ycamera.
Please refer to the documentati on provided withr yolapter card to
perform this installation.

2. Open thedevice Manager windows.

3. Open themaging devices item and select theEE1394 Digital
Camera Device.
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4. Right-click the selected device to open its conigxinenu, and
chooseupdate Driver...

5. After theHardware Update Wizard opens, select th, not this time
radio button, and then clicext.

Selectnstall from a list ..., and then clicklext.

Be sure that only the optiattiude this location ... is checked.
Then browse teAphelion Installation Path>Aphelion
4.x.y\Dev\Drivers\IEEE1394 for Dev Or<Aphelion Installation
Path>Aphelion 4.x. y\Dev\Drivers\IEEE1394 for Lab, and then click
Next.

8. Click on theclose button to complete installation of the selected
IEEE1394 driver (i.eGMU 1394 Digital Camera Device).

9. The computer must be rebooted for the driver tadtieated.

10. RunaAphelion . The camera is automatically recognized by
Aphelion and its functions can then be controlledugh the
Aphelion interface.

If the camera device is not accessible indtheera settings task (see
2.9.1 Administrator Settings Tayksplease read the sectioh
il Troubleshooting for the camera interface

If the camera is working correctly in the demo pang but not in
Aphelion, then please contact the Aphelion Teclriigport via
email (see section 2Qur notation$.

2.4.7 Software required to use Aphelion

Microsoft Visual C++ 2008 Service Pack 1 Redistdble Package
and Microsoft .NET Framework 2.0 Service Pack lrarpiired to
run Aphelion. If not already installed on your qarter, these
packages will be installed automatically during tAghelion

installation process. The absence of either ofethMlicrosoft
packages will prevent Aphelion from executing prope
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Software capable of executing AVI files is required run the
multimedia demonstrations that show how to use Kghe These
files are included with Aphelion on the distributibVD.

2.5 Starting Aphelion

Once Aphelion is installed, start the applicatigndicking on the
appropriateaphelion icon (Dev or Lab) located on the desktop, or by
clicking onstart ®All Programs ®Aphelion Dev (or Lab) 4.x.y . While the
application is loading, a splash screen pops uplaptays copyright
information and the software version number.

Aphelion™ Dev

Inttializing: Adcis

)

Version 4.0.6

Copyright @ 2010
ADCISS.A.

This program is protected by U.S.A. and International laws as
described in the program’s Help About.

After a few seconds, the splash screen vanishegaimelion’s main
graphical user interface (“GUI") opens.

2.6 Exiting Aphelion

To quit Aphelion, select thexit entry in therile menu. If loaded
images have been modified during the work sessioiinew images
have been created, thensave Files dialog box opens. The user
selects the images and ObjectSets to be saved;litienon thesave
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button. If no files should be saved, the usekslion theDon't save
button.

2.7 Terminology

To facilitate your use of Aphelion, please becommiliar with the
following terms. You may find it helpful to refén Figure 2.8-1in
the following Section.

Graphical User Interface (“GUI") — The Aphelion GUI is divided
into two regions: the Workspace and the Main Melus poolbars.
Each of these is further divided into sub regi@ssare described in
more detail below.Figure 2.8-1shows the Workspace sub regions
(i.e., windows) as rectangles outlined in blue #mel menu plus
toolbars sub regions as rectangles outlined in red.

Main Menu plus Toolbars — This GUI region contains two
rectangular areas in which the main menu and toobo@ displayed.
The Main Menu and its associated toolbar appeéndrrectangular
area at the top of the GUI. The rectangular aréaedfar right of the
GUI contains th@ask toolbars (contextual toolbars that are explained
in detail below).

Workspace — The Workspace is a fixed region of the Aphel&il
that contains multiple windows. The number of vawd and their
functions is determined by the current step in ithage analysis
process (i.e., the active task). While each wintiaw a default size
and location within the GUI, their sizes and lomadi can be altered
by the user. An example of the default Workspageut is shown in
Figure 2.8-1

Windows — The Workspace windows are user interface stegtu
that provide information and controls used in theage analysis

process. There are two categories of such inesfacdisplay

interfaces and control interfaces.
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Display Interface — This interface type provides on-screen
representations of image and ObjectSet data. loatgeincludes full
images and thumbnail images displayed as pixetyarr ObjectSet
data (information extracted from an image) are eezaias an overlay
on the source image. ObjectSet data can alssplged in the form
of grids (numeric arrays) and charts (histogrant scatter plots).
When needed, these ObjectSet representations canieled
concurrently in different Display Interfaces (i@sualization, Grid, and
Chart).

Control Interface — This interface type is the means by which a user
selects functions and specifies parametric valbhas @pply to an
image, graphic object, measurement, or image @gavice.

Task — Aphelion divides the image analysis process sitalistinct
steps for Lab and seven steps for Dev called taSkese are named
Camera settings , Calibration settings , Image Acquisition , Object
Extraction , Object Editing , Measurements , andReport Generation . A
task nameddeveloper is available in the Dev version. A task is
selected by clicking its icon on thtask bar. When the user selects a
task, the Workspace is automatically reconfiguredptovide the
Display and Control Interfaces appropriate for thegk, and the
appropriaterask toolbar is displayed on the right side of the GUI.

Task Bar Control Interface — This control interface displays the
icons for the tasks used to perform an image asaysl to define the
settings.

Visualization Window — This window contains th&isualization
Display Interface which is the vehicle by which gea are displayed
in various display modes (full resolution, zoomjuatito window
size). The user can choose to display eitherroage or four images
simultaneously, in a 2x2 layout (s@e7.4 Main Toolba: This
window can also concurrently display an ObjectSeammoverlay on
the image from which it was extracted. Of the ipldtwindows that
comprise the Workspace, th&ualization window has some unique
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properties not present with the other windows [(etgis always
visible).

Image Gallery — Thelmage Gallery displays a thumbnail version of
each image currently open in a work session, alatigthe image’s
name. Selecting (clicking on) a thumbnail imagéhimage Gallery
makes it the active image by displaying its fullrsien in the
Visualization window.

Active image — Any open image that appears in thsualization
window and that has the focus (i.e. the user dicke the image
window banner to select it). A thumbnail of threaige will also
appear in thenage Gallery.

Object — An object is a grouping of pixels in an imagedzhon their
proximities to each other (e.g., blob, line). Thgeots derived from a
single, source image compose an ObjectSet. Aflisbgct types is
specified in the Settings® Options® Measurements window. More
information is provided about objects in subsegseations.

ObjectSet — A set of objects derived from a single, souroage.
Four tasks can be used to create objects:Otijeet Extraction task,
the Object Editing task's interactive editing tools, tiveasurements
task’s interactive drawing tools, and theeloper task's segmentation
tools (only available in Dev). When measuremergscamputed for
an object’s attributes, they are stored with thespective object in its
ObjectSet. An ObjectSet is visualized as a graphierlay on its
source image. ObjectSets can be saved as .asmnecwled) or .tks
(for backwards compatibility with previous versiaisAphelion).

ObjectSet Gallery — For each ObjectSet currently open in a work
e session, the ObjectSet Gallery displays a common
OO thumbnail labeled with the ObjectSet's name (see
() (2 adjacent). Double-clicking on an ObjectSet thunibna
displays the ObjectSet in th@ualization window.
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Attribute — A measurable, numeric characteristic of an inagg,
max pixel value, average pixel value) or an olegt., area, length of
a line, x,y coordinates of a point). Images angeab can have
multiple attributes. For each attribute, thera defined mathematical
measurement. A list of the measurements provide8phelion is
specified for each object type in tBettings® Options® Measurements
window.

Measurement — An attribute value computed for an image, an
individual object, or a set of objects (“Objectyet”

Grid — A grid displays the measurements computed frAittive

image (i.e., global measurements), for the ObjeaS&acted from
the active image (i.e., object measurements), or dbjects
interactively drawn on the active image (i.e., nattive

measurements). A grid looks very much like a sisleet, having
one or more columns and one or more rows.

For an ObjectSet, a grid row holds the attributeasoeement values
for one object of the ObjectSet. A column holds theasurement
values for a specific attribute for all objectsan ObjectSet. This
structure also describes the grid for interacthyjeds.

Since the grid for an image displays measuremesiscoon all pixels
in the image, the grid is said to contain globalasueements. Its
columns also hold attribute values, but the grid fgobal
measurements will have only one row and it cornegpao the active
image.

Grids are initially displayed iwindow B (seeFigure 2.8-) of the
Aphelion Workspace. Four grid types are providegkractive Shape
Global Measurements, Object Measurements, Interactive Shape
Measurements, andObject Global Measurements. For more information
about the three grid types, ségohtextual Toolbar — Compute Tool
in section2.9.5 Measurements Task
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Message Passing A very useful software feature that responds to a
user action in one display interface by initiatiagcorresponding
action in one or more other display interfaces. $dge passing is
implemented for two combinations of display integs between an
ObjectSet and its measurement grid and betweemagei and up to
three other images (the latter is only availablbew).

Between ObjectSet and Grid - With an ObjectSetlaysgl in the
Visualization window and its measured attribute values displayesl
measurements grid, selecting an object invihialization window will
cause that object's row to be selected simultahedausthe grid.
Conversely, selecting an object row in a grid wtuse the
simultaneous selection of that object in theualization window.
Message passing also work when the user selectplealbjects or
rows. Clicking anywhere outside a selected objecbpect row will
deselect all previously selected objects or olmes.

Between Images (Dev only) — Message passing betweages
requires use of the Four Images display interfates interface is
activated by clicking on the Four Images buttoritrenMain Toolbar.
With this interface, it is possible to display gpfour images in a 2x2
array. Select from the images displayed those immémewhich you
want message passing to occur. Do this by clickimgach of them
while depressing thetr key. With this done, zooming and panning
changes made in one of these images will caussatine actions to
occur simultaneously in the other images.

ROI (Dev version only) — Image processing operatiaesusually
performed either on an entire image or on a portib@an image
referred to as a region of interest (ROI). ROIsyleu focus on
selected areas of an image. Regions of interests&ful to enhance a
part of an image, provide faster processing simbg & subset of the
whole image is processed, or produce a count ettdbjor a selected
region. Two ways to create ROIs in an image angsitljg the mouse
to draw one or more ROIs or 2) convert the spatiaibutes of an
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ObjectSet to ROIs. ROIs can have any shape andizmyrectangle,
polygon, ellipse, or freehand contour).

Connectivity — Pixel connectivity defines the number of adjacen
neighbors a pixel has. A pixel with 4-connectivgydefined to have
only four neighbor pixels, the adjacent pixels cliseabove, below,
left, and right. A pixel with 8-connectivity alsmdludes the four
pixels diagonally adjacent. Connectivity is oftesed to determine if
two adjacent pixels are part of the same objecith Wconnectivity,
two adjacent pixels are said to be in the samecblijehey are
adjacent vertically or horizontally. With 8-contieity, two pixels
are said to be in the same object if they are adjaeertically,
horizontally, or diagonally.

Docking panel— The Workspace of the Aphelion GUI is a docking
panel. This means that the Workspace is subdivickedareas in
which windows can be docked. Docked windows axedfiin
location while docked. Undocked windows can be edaw virtually
any location inside or outside the Workspace. &gult, a window is
docked until the user undocks it. Note that\iealization window is
always docked. Further details on docking areigealin Section
2.8.1 Workspace and windaws

Calibration — A task found on th@ask bar, that is used to calibrate
the image acquisition system so that distancesinmage can be
easily converted to real-world units (e.g., inchegrons). Because
the unit of measure in an image is a pixel andutheof measure in
the real-world is not a pixel, the size of a piraleal-world units must
be determined. The resolution of an acquisitistesy is 1/pixel size
(i.e., in real world units). The mathematics tonpaote the resolution
is contained in thealibration Settings task. However, the user must
provide the real-world measurement of a known dlydwse image
is captured and displayed on the computer scregvihen the
calibration process is completed, Aphelion will ogpits analysis
results in real-world units.
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Important note: The calibration process must be performed each

time an element of the acquisition system is chér{ge., camera,
lens, distance from the sample to the camera sexisQr
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2.8 Graphical User Interface (GUI)

This section describes in detail the Aphelion giegtuser interface
(“GUI"), the different windows comprising the GUind the behavior
of each specific window and the user interfaceravides. The
software rigorously implements the new capabiliié¥isual Studio

.NET, such as user control of window sizes, fumetity, and

docking states.
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Figure 2.8-1 Aphelion GUI Example — Object Extraction task fagumration,
showing its GUI subdivisions. Features highlighted yellow are only
available in the Dev version

The Aphelion GUI containsi@enu bar,Main toolbar, contextuatask
toolbar (red rectangles in above figure), and ak#fmace with four or
five windows in a pre-defined layout based on tia@task (see blue
rectangles in above figure). Tasks with only faimdows will have
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window E removed anaindow D expanded downward. The following
Table 2.8-1shows the initial windows configuration for eaetsk.
Names in the window columns are descriptive ofuber interface
function provided by the corresponding window. Higifted names
indicate Control Interfaces, while the other nanmelicate Display
Interfaces.

Table 2.8-1 Initial windows configuration for each task arstup. Shaded
windows are Control Interfaces, unshaded are Bidptarfaces

Aphelion Imaging Software Suite - User Guide

When Aphelion is started, the initial active taskhieAcquisition task
so that the user can capture an image by jusirgj¢kesnap icon on
the task’s contextual toolbar.

2.8.1 Workspace and windows

The Workspace is divided into a number of rectaamgwindows that
always fill the entire Workspace area and are (firestbfor each task.
The size and proportions of a window can be charyethe user
dragging a window’s boundary to a new positionisTmange in the
window causes the adjacent window(s) to gain o lesea
accordingly. Window sizes may also change autaaiti When a
docked window is undocked, adjacent windows wilpand to

systematically fill the Workspace area previoustcupied by the
newly undocked window. Similarly, if an undockedndow is

docked into the Workspace, adjacent windows wilinkhin a

systematic way to accommodate the newly dockedamind

For descriptive convenience, we define two windotypes:
Visualization window, of which there is only one, amdsk windows
which vary in number depending on the active tagW. windows
except thevisualization window exhibit identical behaviors. The
following table describes the major differences.

Table 2.8-2 Differences betweevisualization and task-specific windows

PRIMARY WINDOW
TASKS A B C D E
Acquisition Visualization Img &.Objset TaskBar Camera Histogram
Galleries Settings
Extraction Visualization Img &.ObJSet Task Bar ObJeCt. Preview
Galleries Extraction
Object Editing Visualization Img &.Objset Task Bar | Object Editing
Galleries
Measurements | Visualization Img &.Objse.t Task Bar | Chart
Galleries, Grids
Report e Img & ObjSet .
Generation Visualization Galleries, Grids Task Bar | Report Generation
Functions,
Img & ObjSet BasicScript
Developer Galleries, Output, coding,
(Dev version Visualization BasicScript Cmd | Task Bar | Python Chart
only) Wdw, Python coding,
Cmd Wdw Visual Basic
& C# coding
SETTINGS .
Administrator mode onl
TASK y
. Camera
Camera Visualization Img &.ObJSet Task Bar | settings, Histogram
settings Galleries .
Options
Calllbratlon Visualization Img &.ObJSet Task Bar | Calibration settings
settings Galleries

Image and ObjectSet galleries, measurement grtisuovalues, and
command prompt windows all coexist at various tiinegindow B as
stacked windows.
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When displayed Always Depends on Task
Docked or Undocked No, always docked Yes
Dockable with Auto-Hide No Yes
Dockable with Stacking No Yes

Docked Window mode

A docked window can be moved to a new locatioméWorkspace
by use of the standard Windows’ technique of dragigind dropping.
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This method undocks the window from the Workspackthen docks
it in any dockable location in the Workspace. [astk locations are
indicated by the appearance of docking pads whemnraocked

window is passed over another docked window.

Note: While a dockedrask window will always shrink to provide
space for anotherask window being docked adjacent to it, the

Visualization window never shrinks to accommodate a newly docked

Task window unless thatask window is being docked on a docking
pad that is pointing to a boundary shared betwhervisualization
window and the Workspace.

Auto-Hide mode

There are two methods for hiding a dockedk window in the

Workspaceauto-Hide mode ancbstacked. Auto-Hide is described in this
section, while thestacked method is described in thgloving a

windowsection below.

A docked window can be placedAnto-Hide mode by clicking on the
pushpin icon in its window banner. Whewto-Hide mode is
activated, three changes occur on screen:

1. The pushpin rotates to a horizontal position (see
graphic on right);

2. The window expands to the full length of the
boundary it shares with the Workspace,
overlaying adjacent windows; and

3. An access tab appears aligned along that
Workspace boundary.

Clicking in a different window causes the auto-hiedow to
collapse (i.e., hide) into the Workspace boundanmyabling the
overlaid windows to be visible again. There are tways to reveal
hidden auto-hide window: a.) simply move the curewer the
window's tab or b.) click on the window's tab. lmth cases, the
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hidden window will be displayed. However, in thestf case, the
displayed auto-hide window will hide again once tugsor is just
moved into an adjacent window. In the second chsewindow
won't hide until one clicks in a different window.

The Auto-Hide feature can be used to hide any dockast window
along any border of the Workspace so that it igyeascessible when
needed. This allows the user to make more Workspiaea available
to view other windows. For example, tigualizaton window can be
made to fill the entire Workspace by auto-hidirg#ier windows.

To remove a window fromauto-Hide mode, simply click on the
window’s pushpin. The window will be restored t® prior docked,
non-auto-hide state.

Double-clicking on the banner of an auto-hide wimduaill convert it
into an undocked window.

Undocked windows

An undocked window is said to be floating in thiatan be moved to
any location on the computer’s display screen ighaiot a docking
pad. Its size and proportions (aspect ratio) eifrdely adjusted by
the user within the operating system’s constraints.

A docked Task window (i.e., not thevisualizaton window) can be
undocked in two ways. If the user double-clicksitsnbanner, the
window will become undocked and repositioned tdast undocked
location, and conversely. Aask window also becomes undocked
when the user drags it from its docked position.

An undocked window can be docked in two ways. Dealicking
its banner will cause it to become re-docked dasgisdocked location.
Alternatively, an undocked window can be draggegbped on a
docking pad.

Help: A set of multimedia demonstrations is available the
Aphelion DVD showing how to use the software.
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Moving a window

When a window is dragged to a new Workspace

location, a docking control graphic (see right)epp

in the docked window as the undocked window

passes over it. The docking control will have one

more pads (small boxes). The pads indicate how the
undocked window and the docked window will be
reconfigured to fit in the space occupied only Iy t

docked window (above, below, left, right, or statke When a
window is positioned over one of the docking cdnpeads, a preview
of the reconfigured windows appears showing thetioo and
proportions the two windows will have if the undedkwindow is
dropped on that pad.

Arrowhead pads - In the case where the undocked window is
dropped on a pad with an arrowhead belongingnaiawindow, the
undocked window and the underlying docked windowi e
reconfigured to each occupy one-half of the Worksparea
previously occupied only by the docked window, aoth windows
will then be docked and visible in the area of #Wiedow. The
position of the newly docked window will be depemiden which of
the available pads is used.

Stacked pad- If the undocked window is dropped on #igked pad
(center icon in the above graphic), the undockeddow will be
reconfigured to the same dimensions as the dockadbw and the
undocked window will be dropped on top of the dackendow
(similar to an up-turned deck of playing cards)ab3 are placed
horizontally along the bottom of the stack to pdeviaccess to any
Task window in the stack. For each undockesk window dropped
on thestacked pad of a window, the stack in that window ared wil
increase by one and a corresponding tab will bechdt the bottom.
Clicking on a tab will cause that docked windovibéodisplayed (rises
to the top of the stack). The value of stackingdeivs is that the
window size is not decreased as new windows aredaddhe stack.
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When an area of the Workspace is vacant as a @saltdocked
window being moved, the adjacent window(s) will teysatically
expand to fill the area vacated by the relocateutiow.

Note: A group of stacked windows can be undocked a®apgand
can be moved as a group in the same manner assiogla docked
window. A window in a stack of windows can be rewu from its
stack by dragging its tab to a new location or byhldle-clicking its
tab. In the latter case, the window becomes uratbeld located
where it last existed as undocked.

2.8.2 Task and work context

Use of Aphelion is accomplished through a set sdand sub-tasks
(collectively referred to here as tasks). A prizdef work context is
associated with each task and is comprised of afsebntrol and
display interfaces, each represented in window famnthe screen. A
task’'s work context also includes a contextualldaolthat displays
along the right-hand border of the GUlable 2.8-1gives a list of all
window interfaces provided for each task.

Note: A window that was moved to a new location or reguméd in
the work context of a given task will cause theegponding window
in all subsequent tasks to be identically movedeoonfigured. For
instance, moving thelistogram window of theAcquisiton task will
have the same effect on theview window of theObject Extraction
task and thehart window of theMeasurements task. (Sed@able 2.8-1
for these correspondences.)

2.8.3 Menu Bar
The Menu bar provides user access to thie, Image, Process,

Settings , andHelp menus. Each menu contains a list of entries that
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perform specific functions, as described belowménu entry can be
exercised by a single mouse click.

Note: Some menu entries also can be exercised byrdiakn a
shortcut found on the Main toolbar. An entry wathshortcut will
have that shortcut’s icon displayed at the lethefentry.

File Menu

Open: Displays a file browser for *
selecting the file to be opened (i.e
loaded) in the Visualization window. Cloce

Files that can be opened are any ime  ciosean

format supported by Aphelion, and th g swemmage

ObjectSet formats known as Aphelio  ssveimage s.
Serialized ObjectSet (.aso) arn  ovebtrecedObjectsfe.
TokenSet (.tks), a format compatib] ~ erecneobes s
with previous versions of Aphelion. | 4 ...

m

Open

58 L

Browse

Browse . Displays a file browser in B
thumbnail mode so image file contents can be essén.

Close: Closes the active image and frees the memogesgsed by
the image data. Note that clicking on theialization window’s Exit
button will also close the active image.

Close All: Closes all images currently open in thege Gallery,
including the active image.

Save Image: Saves the active image without changing itsilme.

Save Image As... . Saves the active image after requiring the teser
specify a file name and a file extension (e.g), tif an extension is
chosen other than the file’s current extensionirtiage format will be
converted to that specified by the new extensidoreethe file is
saved. The active image will retain the new foronail it is again
changed.
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Note: Image calibration data is only saved with .THel aASI file
formats. Since the .ASI (Aphelion serialized imadermat is
proprietary to Aphelion 4 products and is not cotibya with any
other imaging software or devices, it is recommdrttiat images be
saved in TIFF format in the case they have to lportad into another
3 party software product.

Save Extracted Objects As... : Saves the active ObjectSet after
requiring the user to specify a file name and esiten(.aso or .tks).
In this case, the objects saved are those creaitbdtive Object
Extraction task and/or thebject Editing task.

Save Interactive Objects As... : Saves the active ObjectSet containing
manually drawn geometric objects after requirirguker to specify a
file name and extension (.aso or .tks). In thiecHse objects saved
are those created in theasurements task.

Save Global Measurements As... : Saves only the active global
measurements after requiring the user to specifjeaname and
extension (.aso or .tks). Note that the activealmeasurements will
be either for the objects in theeractive Measurements grid or the
Object Measurements grid, depending on which grid was active (Tab
selected) when the global measurements were cotapute

Save All: Saves all open ObjectSets that have not beead sance
they were created or last changed.

Note: The .ASO file format is an Aphelion 4 proprigtdormat for
saving ObjectSets. It includes and extends thabi#fes of the
.TKS format which was used for the Aphelion 3.xwafe products.
It is recommended that the .ASO format be usedrimst Aphelion
situations. The .TKS format should be used onlyrwerking with
ObjectSet files generated by an Aphelion 3.x safvpsoduct.

Exit: Ends the current project work session and fa#fesemory that
was being used, and closes the Aphelion programin@this closing
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process, the user is given the chance to savermayed image and
ObjectSet files

Edit Menu

The Edit menu provides tools that enable the user &t [
edit text in aviacro window. B e

Undo: Undo only the last editing operation. % Cut

Redo: Redo only the last Undo operation. o o

Cut, Copy, Paste: Standard text editing behavior. # Mnd.
Replace..
Find: Find a string of characters "

Replace: Replace a string of characters

Image Menu

The Image menu provides tools that enable th mage
user to alter the display of the active image & ZoomIn

Visualization window. f;;:,ﬂ out

ZoomIn: Zooms into the active image. T il
zooming factor is time€® (i.e., square root of two). One click on
Zoom In increases the inter-pixel distance by a factorl@fl4;
clicking twice doubles the inter-pixel distance.

Zoom Out: Zooms out from the active image. The zoomirggofais
times 1€2. One click orzoom out decreases the inter-pixel distance
by a factor of .707; clicking twice halves the irpéxel distance.

Actual Size : Displays the active image so that image pixesraa 1:1
relationship with screen dots (i.e., no zoomindiagdh

Fit To Window : Zooms the active image so that the entire image
displayed as large as possible in Walizaton window. The zoom
factor applied is identical for both the X and Yeaxin order to
preserve the image’s aspect ratio. Whiemo Window is selected, as
denoted by its menu entry checkmark and the bltismewround its
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toolbar button, all other zoom tools are disablaxigain access to the
other zoom tools, unselest To window by clicking its menu entry or
its toolbar button.

Process Menuin Dev version only)

All Image and ObjectSet

functions can be invoked

from this menu. The

menu has three panels.

The first panel makes the

distinction between

Image and ObjectSet

functions. The second

panel is a submenu

listng the  function

groupings, and the third

panel lists the functions contained in a selected The selection
of any function from therocess menu's third panel will automatically
activate thebeveloper task and initializenvindow D for the selected
function.

The first panel also includes a menu entry namedgagibility 3.2.
This entry provides access to all of the Aphelidhf@nctions laid out
in the hierarchy of that version. This menu ey be hidden by
selectingralse for the setting found at:

Settings® Options® Advanced® Developer® ShowCompatabilityGroups.

Settings Menu

This menu lets users define setting options
and select the default resolution. Some of the
setting parameters can only be set by users
with Administrator rights.

Enter Administrator Mode : Displays a login
screen that enables a user with Administrator gigist access
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restricted Aphelion settings by activating tbhemera settings and
Calibration settings tasks or opening theptions window. Also see
section2.8.3 Menu Bar-Settings Menu

Save Administrator Settings . Saves
all parameters modified in the
Settings task or in theOptions
menu.

Exit Administrator Mode : Closes

the Camera  settings and

Calibration settings ~ tasks, and

Settings® Options. Before closing,

if settings were changed and not

saved, the user is asked if settings

should be saved before exiting the Administratodeno

Save Administrator Settings : Saves all parameters that are modifiable
in the Camera settings and Calibration settings tasks, and in
Settings® Options.

Default Resolution : Enables selection of the default resolutionif@of
(i.e., the resolution profile that will be appliedall captured images).

Options: Displays a window used to specify administratad aser
settings. SelecBettings® Enter Administrator Mode t0 specify settings
that can only be set by the administrator. Theskidie settings for
image acquisition, project data, measurementsaduanced options.
The advanced settings enable an administratorailagehthe colors of
the interface, the separator in the grid, the caimpiy with previous
versions of Aphelion, and other settings that doeed to be updated
frequently.

Camera Settings

General: Check-marking theSelect Captured Image box under the
General tab specifies that after an image is acquired Geap button
was pressed), the live image displayed invikealization window is
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replaced by the acquired image. If the box isametck-marked, the
live image is displayed.

Administrator Mode Controls: This interface is used by an
Administrator to specify those camera controlshbstandard and
advanced, that only an Administrator will be allolte change when
using theCamera settings task. Camera controls are defined by the
camera manufacturer. Using thettings® Options dialog box,
Aphelion enables the controls to be divided int@ teategories,
standard controls and advanced controls. Moviogrdrol from the
left window to the right window will cause thesenttols to be visible

in window D when selecting thecquisition  task.

User Mode Controls: This interface is used by an Administrator to
specify those camera controls, both standard arahadd, that a non-
administrator user will be allowed to change whsimg theCamera
setings task. Moving a parameter from the left windowttie right
window will cause this parameter to be accessibje non-
administrator users. This enables the Administrabotimit what
changes can be made by non-Administrators.

Note: To learn more about the selected camera’s modksaamtrols,
please refer to the camera manufacturer's docutioenta

Files Settings )
Selection of the
Settings® Options

® Files option opens
the Project Properties

control. From this
interface, the user

can specify the
Project Root Folder

into which data and
measurements files
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will be stored. This interface is also used forcsfyeng the default
formats for images and ObjectSets and the typeiaf that are to
be saved.

Tip: If the Project Root Folder is not specified by the user, then the
default folder for storing the user’s images angeCtisets is:

Aphelion Lab | Aphelion Dev
"C:\Documents and Settings\User name\Documents\...
P Aphelion Lab" ‘ Aphelion Dev"
Vista "C:\Users\User name\Documents\...
&7 Aphelion Lab" ‘ Aphelion Dev"

Using the default folder names ensures that datlday one user are
kept separate from data saved by other users.

Measurements Settings gl

The Settings® Options® Measurements option lets an Administrator
specify the Aphelion object types (e.g., line, leirditmap) and the
object measurements for those types that will lmepcbed during an
analysis project. Thi@easurements Selection control interface lists the
objects types and a check box menu of measureraeailable for
each type. The selected measurements are comjutdtie
Measurements  task

depending on the

object types that

were extracted, user-

edited, and user-

drawn.

Object types are
divided into two
categories: bitmaps
and 2D shapes. A
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bitmap object is a subset of an image’s pixels ihaketermined by
user choices made in theject Extraction task and possibly edited by
the user with drawing tools provided in thigect Editing task. Thus,
a bitmap object can have any shape depending omé#ge used and
user actions made in theject Extraction andObject Editing tasks.

A 2D shape object is created by the user with ttzevidg tools
provided in thevieasurements task. These drawing tools are used to
create objects with geometric shapes such as Cinelg, Polyline,
Polygon, Caliper (Line made of two points) and An@bolyline made

of three points). Their object types are thenpeesvely, Lines,
Circles, Chains, Polygons, Line, and Polyline drel easurements
selected for these types will be computed intbsurements  task.

Help Menu

Help Contents : Opens the online Aphelion User
Guide.

SDK Help: Opens the online Aphelion Function
Guide.

BasicScript Help : Opens the online BasicScript macro language Guide

About : Displays a window containing software version dedal
information about Aphelion (i.e., Aphelion versiaelease number,
Identification Code, License Code, and copyrights).

2.8.4 Main Toolbar

The main toolbar provides shortcuts for opening senng images
and ObjectSets, displaying the resolution of angenand various
zooming controls.

Open button: Starts the standard Windawyen dialog box so the user
can select the file to be opened and displayecénvisualization
window.
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Note: Loading an ObjectSet file (i.e., *.tks or *.as®pnly possible if
an image is already loaded into theualization window.

Save button: Saves the image displayed in Wwalization window
under the same file name used to open it origfatnew image, in the
folder and under the name specified in Hegings® Options® Files
window.

Save All button: Save all images and ObjectSets currepiyed. A
dialog box appears that allows the user to spesifjch of the
currently opened image and ObjectSet files shootidhe saved.

Resolution button: Displays a drop-down list of resolutionsikable
and shows the resolution currently applied to ttev@image. This
button also allows the user to change the resalplied to the
active image by selecting another resolution typmfthe drop-down
list.

If there is no resolution associated with the aciimage (only in the
case of an image coming from the disk), thenutiifined Resolution
box is checked. When an image opened from storegka contains
a resolution that corresponds to none of the rasokidefined in the
Settings-Calibration ~ task, then (imported resolution) appears in
Aphelion’s status bar and no resolution is chedkettie resolutions
list.

Help: The resolution associated with an image is saviid the

image if the format is either TIFF (.tif or .tifor Aphelion Serialized
Image (.asi). In these cases, the resolution Wl applied
automatically when loading the image. However,rdgsolution will

be lost if the image is saved in a format othen thior .asi.

Zoom area of interest button: Enables use of the mouse to draw a
rectangular area of interest in thidualization window, which then
results in that area being expanded to optimdllth2 window. This

45

Aphelion Imaging Software Suite - User Guide

button is highlighted in blue when active and ihans active until it
is clicked again.

1:1 or Actual Size button: Displays the active image so that image
pixels are in a 1:1 relationship with screen dats,(no zooming
applied). Scroll bars appear, if necessary, wreméwe image is
larger than theisualization window.

Fit To Window button: Zooms the active image so that the emtiage
is displayed as large as possible inutlealization window. The zoom
factor applied is identical for both the X and Yeaxin order to
preserve the image’s aspect ratio. This button teggle button
(select/unselect).

Note that when this button is selected, it is oatli in blue and all
other zoom buttons are disabled, with one exception

Zoom In button: Zooms in the active image. The zoomirgjofais
multiplied by(® (i.e., 1.414). Scrolls bars are provided whestged.

Zoom Out button: Zooms out the active image. The zoomatpf is
1 (i.e., .707).

One image button: Displays a single image in tisualization window
(i.e., the active image). This is the default madeen starting
Aphelion. If thevisualization window is inFour image mode when this
button is clicked, and if none of the four imagesselected (i.e.,
banner is highlighted), the image in the upper tgpfadrant will
become the single, active image displayed. Howéwame or more of
the four images are selected when this buttoridked, then the first
image that was selected will become the singleactiage.

Four images button: Display four images in th&ualization window in
a 2x2 array. Message passing between imageshedriar this
feature.
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2.8.5 Profile — Histogram — ROI Toolbar

This toolbar is used to compute profiles and histog in a Region of
Interest, and to define one or multiple ROIs in ¢therent image. It
becomes active only in timveloper task. When computing a profile
or a histogram,window E displays in real-time the associated
histogram. Double-clicking on the window banner wafdow E
undocks the window.

Selection button: Used to select an object. Point at areabbj
previously drawn with the Shape button (definecowgl then left
click. The selection is indicated by an outline tbk object’s
bounding rectangle. To select multiple object$] lzectr key down
while left clicking the objects. Left clicking afject without holding
down thectr key will cause all previously selected objects to Ibeeo
unselected.

Shape button: Used to define the shape of an objebetdrawn (see
object list in adjacent graphic). Tlseape button has to be clicked
each time a shape is to be drawn. Straight linashe drawn in any
direction and have any length. Geometric objeats be drawn to
any size.

When an object is selected, small white boxes (Bapdppear on or
near the object's boundary. To change the ¢
of the object, drag one of its handles. T
angle of a line can be changed by dragg
either one of its two handles. Any object ci
be moved by grabbing its interior and draggi
it to the desired location.

Horizontalline
Vellivalling

Linc

Poylne

Pyl neFreeHand

il D :_g S = | i-l

Fellengle

An interactive intensity profile can bt CrlePonts
computed and displayed for any line (s(*f ©'eeuneingie:
Profile button). Interactive histograms (se
Histogram button) can be computed on pixe
falling inside any shape available in the pu¢; voygon
down menu except the shapes that are gray?’ FoygonFreetard
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out. ROIs can be defined using any shape fronptiiedown menu
except the shapes that are grayed-out.

Delete button: Used to delete any graphic object oro$etbjects
drawn in the image overlay using thieape button. An object must
be selected before it can be deleted. If an obgectot already
selected, click theelection button (see above) and then click on the
object to select it. Multiple objects can be selédy holding down
theshift key.

Profile button: To compute a profile for a line, you miust click the
Profile button before drawing the line using thiepe button. When
the Profile function is active, a blue box appears aroundpidfée icon
in themMenu bar. The profile appears window E as the line is drawn.
The profile is updated in real-time when any chan@e., length,
angle, location) are made to the line.

Histogram button: To compute a histogram for an object, yaust
first click the Histogram button before drawing the object using the
Shape button. When theHistogram function is active, a blue box
appears around thdistogram icon in theMenu bar. The histogram
appears invindow E as the object is drawn. The histogram is updated
in real-time when any changes (i.e., area, locattma made to the
object.

ROI button: To define an ROI in an image, you must ftlick the
ROI button before drawing the ROI object using #inape button.
When therol function is active, a blue box appears arouncrRibie
icon in the Menu bar.

ROI objects are drawn

with green boundaries to

distinguish them from

profile and histogram

objects which are drawn

with red boundaries.

Multiple  ROIs  of
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various shapes and sizes can be defined in an.imagadd another
ROI to an image, make sure the ROI function isvactilf it is not,
click on therol button. Next, click on the desired shape and dnaw
ROI. ROIs are automatically attached to the imagehich they are
drawn.

To define a sub image from the current image, feftne an ROI,
then use theubCopy function in themage-Utility group to generate the
smaller image. When saving an image, any rectanBés drawn by
the user are saved with the image. This feature applies to TIFF
images. ROIs are not saved with a .bmp, .im, grigage file.

2.8.6 Task Interface

TheTask bar lets the user select a task to be performedt M
of the tasks are sequential, which means they hause
executed from top to bottom, although some of theay be
skipped. A workspace is associated with each taakle of
interfaces to let the user perform a given openati@efer to
section2.9 Taskdor more information on the tasks available
in Aphelion.

A typical work session will usually involve the lmlving
tasks:

Camera settings t0o set up the acquisition system (only in
administrator mode);

Calibration settings to set up the calibration profiles (only
in administrator mode);

Image Acquisition 1O receive a stream of images coming from a
camera during which one or more still images casrapped and
captured. When no camera device is available, ligshean
receive images stored on local or network disks;

Object Extraction to filter and segment the current image and
generate objects;
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Object Editing  to manually amend the result of thigect Extraction
process by providing editing tools to modify pixalues;

Measurements t0 compute a set of measurements on objects
previously extracted (see note following); and

Report Generation t0 generate editable reports at the Excel format,
and export images into the clipboard.

Developer to provide to the user a wide range of Image and
ObjectSet functions.

Note that with respect to theeasurements task, a set of graphic
objects are also available to let the user mandadly objects in the
image overlay and compute measurements on thosetabjln case
of complex images for which th@nject Extraction process fails, it is
possible to skip the two preceding tasidct Extraction andObject
Editing) and immediately draw objects and compute assuotiat
measurements. The new objects manually drawn ai@uvay related
to the objects extracted during thigect Extraction task.

2.8.7 Visualization Window

It is possible to display a single image or fouag®s in a 2x2 array in
the visualization window by selecting the buttons or
respectively, on the Main Menu toolbar. When the images mode
is selected, th&isualization window is reconfigured into a panel of
four images in a 2x2 array, and tabs for multi@eess are displayed
in thestatus bar. All of the images in thenage Gallery are aggregated
into sets of up to four images, beginning withléfamost image, each
set corresponding to a panel tab. An image pamebe selected by
clicking on one of its images in theage Gallery.

2.8.8 Image Gallery Window

Thelmage Gallery window contains a thumbnail representation of each
image currently loaded (i.e., opened) in the Agmelenvironment.
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This window enables the user to quickly find angmand display it
in theVisualization window by clicking its thumbnail.

2.8.9 ObjectSet Gallery Window

The ObjectSet Gallery window contains a common thumbnail
representation for each ObjectSet currently lodded opened) in the
Aphelion environment. This window enables the tiseuickly find
an ObjectSet and display it in tisualizaton window by double-
clicking its thumbnail.

There are three methods to generate an ObjectSefldition, the
Measurements task generates Interactive shapesehditferent from
an ObjectSet:

An ObjectSet created in thmbject Extraction task. Its name is the
name of the image from which it was extracted.

An ObjectSet created in thebject Editing task. Its name is the
name of the image from which it was generated, stating with
an empty ObjectSet.

An ObjectSet created in timeveloper task by applying any of the
available functions. Its name is the name givetthyuser in the
Output ObjectSet dialog.

The set of interactive Shapes generated in the We@agnt task
takes the name of the input image used to genttrase shapes.
The string “_" is added at the beginning of theaga name (e.g.
|_Mylmage).

Right-clicking on an ObjectSet thumbnail opens a
menu with the following entries (only in Dev
version):

Show/Hide : Displays the ObjectSet in the
Visualization window.  Double-clicking on the
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ObjectSet thumbnail has a similar action. The sulonets the user
select the spatial attribute to be displayed.

Show Grid : Displays the grid associated with the Object8eiiridow
B. A new tab is created labeled with the name @fibjectSet.

Edit. Lets the user annotate the ObjectSet. It autoafigt®witches to
the Object Editing task and enables all drawing tools as definedd 2
Object Editing Task.

Delete: Deletes the ObjectSet from the ObjectSet Galldttypagh it
is still in memory until the user exits Dev.

Properties: Displays the properties of an ObjectSet, includirst of
its attributes and the associated ObjectSet grgmiuperties (e.g.,
color, contour thickness, fill mode, inner coldg.g It is possible to
change the number of attributes displayed in titk tive color of the
ObjectSet displayed in the image overlay, andilfeoffill option.
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2.9 Tasks

2.9.1 Administrator Settings Tasks

The Camera settings andCalibration settings tasks are the tools with
which an Administrator specifies the value of astn control
parameters that affect all users of Aphelion. Bipatly, these
parameters assure proper set up of image acquisitieices. Upon
successful entry of the Administrator passwordew mersion of the
Taskbar appears that contains two new icons camesm to these
settings tasksThese two settings tasks are described in detaihbel

Important note: A user who has Administrator rights for Aphelion
must also have operating system rights to rea@wtlite file
AphelionDev.config  for Dev orAphelionLab.config for Lab, located as
follows:

Aphelion Lab | Aphelion Dev

C:\Program Data\ADCIS\...
Aphelion Lab\.xy\AphelionLab.config | Aphelion Devd.xy\AphelionDev.config

XP

Vista C:\Program Data\ADCIS\...
&7 | Aphelion Labv.xy\AphelionLab.config | Aphelion Dew4.x y\AphelionDev.config

Camera Settings Task

The cCamera setings task provides
interfaces used by an Administrator to
specify parameters that configure image
capture hardware (e.g., camera) to be used
for the target project. Selection of the
Camera settings task opens a stack of two
control interface windows in the areaxafdow D.
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Camera Settings Interface

This interface is used to specify the active carf@ar¢éhe project and
set its initial control parameter values. Thevice parameter is used
to identify the camera to be used for the projd€tmore than one
camera is connected to the computer, then the aaserselect the
desired camera from thzevice drop-down list by clicking on its list
display arrow. If no compatible IIDC protocol caiaés connected to
the computer, then thzevice list will be empty.

Note: The Device parameter can only be defined in Administrator
mode. Users cannot change the project camera wiashbeen
previously selected by the Administrator.

TheMode parameter specifies the image type (color or nuraooe),
the number of bits per pixel (8 or 16), the numiiepixels per row
and per column, and the acquisition rate (numbefrashes (i.e.,
images) per second captured by a video camerahe IEamera has
multiple modes, the user may select the appropraide for the
project from theMode drop-down list.

The remaining parameter values displayed are thoesset for the
selectedevice andMode. These can be adjusted by the user for the
current project. The values defined usingdhe@era Settings interface

will become the default values for thewage Acquisiion task.
Standard and advanced controls are defined bydthenetrator from

the Settings menu, as described

above.

The adjacent window opens when
selecting the Options tab. It
provides tools to control the quality
of the image acquisition. The first
checkbox provides the option to
capture a specific, single color
band. The second checkbox enable
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specification of the refresh rate of the histogthsplayed irwindow E.
The last two checkboxes are used to specify a grapierlay in
which over-exposed pixels are displayed in red amder-exposed
pixels are displayed in blue. The two bounds o€lpirtensities are
set to values O and 255 by default. They can baggthusing the
counter boxes.

Calibration Settings Task il

The cCalibration settings  task

enables an Administrator to
specify calibration parameters
that are wused to convert
measurements computed in pixel
units to real world units (e.g.,
microns). After these parameters
are set, the measurement
conversion happens automatically
during the image analysis process.

The end result of thealibration settings  process is the computation of
the acquisition system’s resolution (i.e., cameniaroscope, lens, and
other optical devices). This is done by deterngiire ratio between
a known, real world distance to that same distanaecaptured image
measured in pixels. This ratio requires an imagptute of a
reference object of known dimensions, such as eomiter scale.

To define a calibration setting, first the user huagpture an image of
an object of know dimensions. Do this usingdheera settings task
and thesnap button on therask toolbar (right edge of Workspace
area). The “snapped” image will appear in Walization window.
Return to thecalibration settings task and click on thelew button
located between theesolution drop-down button and theelete
button. In the box that pops up, enter a namethiercalibration
setting (e.g., to identify the acquisition systesnfiguration) and then
save the name.
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When an image acquisition system is symmetricenXt{horizontal)
and Y (vertical) directions, the system is saidhdwesquarepixels.
In this case, calibration need only be done forXtairection. If the
system is asymmetrical, then calibration must bépred for both
directions. It the system is symmetrical, thenckh@rk thesquare
Pixel box; if it is asymmetrical, leave the box blank.

Next, a horizontal line is displayed as an overntayhe Visualization
window. This line can be positioned and resizeprézisely coincide
with a known, horizontal dimension of the referenbgect. Be sure
that theaxis radio button foix is selected and that tieler Size drop-
down box is displaying the correct dimensional .uhiiext, enter the
real-world size of the reference object's horizbdienension in the
Ruler size box. The pixel size is now automatically compuéedi
displayed in the Pixel Size box. If you did not check th&yuare Pixel
box, you will now have to calibrate in the Y diiiect by clicking on
the Axis radio button fory and then repeat the calibration procedure
using the vertical line that appears on the screafthen the
calibration steps have been completed, save thératain
information by clicking on theave button (diskette icon).

Important note: A saved calibration is specific to a.) the canasra
other optical equipment with which that image waptered, and b.)
the Mode of the camera when that image was capturétis
calibration will not be valid if either of thesectars changes and
causes a change in pixel size. If there is anptdiiat the pixel size
has changed, the calibration should be performaithag
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2.9.2 Image Acquisition Task @

The Image Acquisiion task

provides user tools for
acquiring and  selecting
images. Images can be
selected from those stored on
a hard drive or from an
attached still or video camera.

Through thecamera Settings control interface, the user can alter

camera settings. The settings available to thedeggnd on the
camera selected and the settings authorized Bydimistrator. The
graphic to the right shows an example. For a nueplete
discussion camera settings, see dheera settings task in section
2.9.1 Administrator Settings Task

TheImage Acquisition task also provides three display interfaces: the
Visualization window that displays the active image, tinage Gallery

that displays all open images, andisiogram window. TheHistogram
window displays the histogram for the image culydming received

by the camera. As the user changes camera settioge changes
can be seen as changes in the histogram.

Tip: Image Acquisition can only be performed when toerent
image window displayed in thésualizaton window is highlighted
(window banner was clicked by the user). Iconshia tontextual
toolbar will become active once the current images lbeen
highlighted.

An image histogram plots the number of pixels (Xsathat have a
given brightness value (Y axis). The brightnedsesaanges from O
to 255 for a camera using 8-bit mode. Thus, inangake brightness
setting shifts the histogram plots from the lefix¢fs with lower

intensity values) to the right (pixels with highetensity values).
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While decreasing the brightness setting has thesijgpeffect on the
histogram.

The Gain setting determines how much the signal delivengdhie
camera sensor is amplified. The ratio signal/nasewer for a
correctly exposed image with a high gain than foomectly exposed
image with a low gain. Increasing the gain stresciine histogram of
intensities on the right, till a saturation of gignal.

The shutter setting determines the length of time the shustdreld
open, which affects the image exposure. The higreevalue, the
brighter is the image. The value has to be less tihe time between
two image captures (i.e., the inverse of the nurabeaptured images
per second or capture rate).

Tip: To improve image quality, if the image is undeisqd:
1) increase illumination of the scene, if possil#8 increase the
image exposure by increasing the shutter settihgeyand 3.) alter
the gain value as needed. Taking these stepssiroitter helps to
limit deterioration of image quality (i.e., limithé reduction of
signal/noise ratio). If the image is overexpos@dietrease the gain
value to have a suitable exposure, and if the imagalways
overexposed, 2) decrease the illumination of tlemrse, if possible,
and 3) decrease the shutter setting value untiintiage is correctly
exposed.

Important note: There are two ways to apply resolution profites t
images:

Resolution Tool Button —When a resolution is selected using thos t
that resolution is applied only to the current\actimage, and not to
subsequent active images.
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Default Resolution — After the Default Resolutianset, it will be
applied only to images as they are snapped. llinailbe applied to
images loaded from storage media.

REMEMBER - The resolution must be changed each tinee
acquisition system is altered (e.g., a lens chgnged

2.9.3 Object Extraction Task

The Object Extraction task enables the user to specify parameters that
determine the automated extraction of objects fammmage. The
results of parameter changes can be seen inmealiBing th@review
window in the red color. Thereview window only displays that area

of the Visualization window framed by a cyan rectangle. The user can
adjust the size and proportions of this rectangle.

Objects are extracted in the form of bitmaps arel ghrameters
determine how the image's pixels will be aggregatetbrm those

bitmaps. Outlines of the objects (i.e., the bite)ave displayed in the
Preview window as an overlay on the previewed portiorhefitnage.

As the parameters are changed by the user, thetsetiee shown
immediately as changes in the object outlinesemidgview window.

When the user is satisfied with the parameterserhagicking on the
Apply button causes the outlines for all of the exthaibjects to

appear as an overlay in thasualizaton window. The user can
iteratively vary parameters and apply results ® ftil image until

satisfactory results are achieved.

The Object Extraction parameters are input viacuesgce of three
panels. A description of these follows.

Panel 1: Channel selection

The first panel is used to specify the color chanoeause for the
object extraction process. If the active imaga isolor image, the
user selects one color channel to be processed,GReen, or Blue,
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by clicking on the color's radio

button (see adjacent screen graphic).

Usually, best results are achieved by

selecting the channel in which the

target objects have the most contrast

with their backgrounds in the image.

This contrast can be seen in the

Preview window. If the active image is monochrome, onlgray
channel (i.e., the image itself) option is providédter a channel has
been selected, click on thext button.

Panel 2: Filter and Threshold

The second panel is used to define a
smoothing filter, in the case the
image is noisy, and then to specify
lower and upper thresholds for pixel
brightness.

The Gaussian filter performs a

weighted average of the pixel values

within a neighborhood of the radius

defined in the dialog box. The

intensity of the center pixel in the

neighborhood is assigned that

average value. The higher the radius value, thatgrthe smoothing
effect on the image, and the blurrier the resuimgge will appear.

The threshold operation, often called segmentatexiracts the
objects of interest from the background in the ieadgonly pixels
whose intensity values fall between these thresholti be assigned
to objects. Two methods are provided to definddiner and upper
thresholds: automatic and manual.

When theAutomatic threshold computation box is checked, the user
selects either dark or light objects. This sebectets default values
for the thresholds, with dark objects having pwales ranging from
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0 to 156 and bright objects having pixels rangirmmf 156 to 255.
After this selection, the extraction process cacged.

However, if the user manually changes either ottineshold values,
the Automatic threshold computation checkbox is cleared, and tberk
and Bright objects options are grayed-out. Threshold vataes be
manually changed by editing the number in the Hulesboxes or by
dragging the vertical green lines displayed ordibg left line for the
lower threshold and right line for the upper.

Note that whenever the filtering or threshold patars are changed,
the results are immediately displayed inrreiew window.

Note: WhenAutomatic threshold computation IS selected, the min and
max threshold values are computed based on thentsnof the
Preview window. Thus, as the area displayed inriegiew window is
changed, the min and max values will change aauglsdiWhen the
Apply button is pressed in Panel 3 (see following sertite min and
max values for the lasteview window are used for the entire image

Panel 3: Object Processing & Filtering

Object Extraction’s third panel

provides further opportunity for

refining the objects extracted with

the prior two screens. When the

active image is viewed on the

screen, one might see that some of

the target objects are touching or

have holes in them. Also, some

objects may only be partially

displayed because of their proximity

to the edges of the images. These

conditions might cause thriter and Threshold processes of the prior
screen to limit the quality of results. For exaspbuching objects
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might be extracted as a single object. Screen\ddas a sequence of
steps that can enhance the results ofitkeand Threshold processes.

Checkboxes are provided for selecting processesilliog holes in
objects, splitting touching objects, removing otgdbat are touching
the image’s frame, and filtering objects (i.e., o8ng them) based on
one of its attribute values.

Fill holes — A hole is an arbitrary set of contiguous pixetated totally
in the interior of an object that are not in thgeobls bitmap.
Generally, holes are either part of the object tbhatains them or are
an image artifact that obscure or alter that pathe object in the
image. The user must decide if the holes shoultelaged as part of
the objects that contain them. Selectingrilheoles process adds the
pixels that compose holes into the object’s bitmahile checking
the Fill holes box will cause all holes to be filled, this procedso
affects the results from ttslitting touching objects process (described
next).

Split touching objects — When objects are touching or overlapping in an
image, theFilter and Threshold processing will likely cause them to be
segmented as a single object. To get the bedtstesuch objects
need to be split into their component objects. e W Split touching
objects processes will define a boundary line between
touching/overlapping objects transforming the &ngbject into its
component members.

Results from the two alternatives for splitting dbing objects can
differ significantly based on the target image drahd when theil
Holes option is selected. The combinations of functipossible with
the first three checkboxes are:

Split touching objects (before hole filling) — First the touching objects are
split, then all holes are filled provided that Hienoles box is checked.
If the Fill holes box is not checked, then only thgitting touching objects
operation is performed.
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Split touching objects (after hole filling) — First, provided that thEll holes
box is checked, all holes are filled and then 3hie touching objects
operation is performed.

If the Fill holes box is checked, but neither of thgit touching objects
boxes is checked, then all holes will be filledhwilit theSplit touching
objects operation being performed. The following tablsalies the
possible behaviors of the first three checkboxes:

Table 2.9-1:Results of the segmentation according to the psoggsptions
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Tip: The order of theplit Objects and therill Holes processes can have
a significant impact on the result of the objedtamtion. If objects are
spread over the image, and if there are holesensiine of these
objects due to the segmentation or the presenctherf objects with
different pixel intensities, then first perfornFa Holes operation and
next perform theplit touching objects (after hole filling) operation.

If objects appear to be clusters of smaller objaats holes inside
those clusters due to gaps between touching objketsfirst perform
a Split Touching Objects (before hole filling) operation and nextril Holes
operation. In the latter case, filling the holiestfcauses the splitting
operation to make unusual (but explainable) errors.

OBJECTS CHECKED? | CHECKED? | RESULTS
Yes (before hole filling) T\lec? Sglglitthoer:};i”
Yes (after hole filling) T\leos FiIIS, ;Etegni?m
- i

Objects touching image frame — An object is said to be touching the
image frame if any pixel in the object’s bitmaisthe boundary of
the image. This process simply deletes that dbjbitinap.

Filter objects on — Filtering an object is the process of deletingt t
object based on a geometric property of the objédter the check-
marked processes described above, have comple€dtet objects on
process is executed, provided that it has also tiesrk marked. The
Filter objects on process is applied based on the criterion seldied
its drop-down menu and thelin and Max measurement values
specified. The definition of these measurements & found in
paragrapl.2. Object Measurements

For example, to remove small objects whose ardesss than 500
pixels, selechREA as the measurement, and enter 500 inttnéox
and the maximal object size in thiex box. The maximal object size
is usually the size of the image, 1 million pixée a 1024x1024
image.
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2.9.4 Object Editing Task

The Object Editing task enables the user to improve on dbect
Extraction task results by manually altering those resulixan also
be used on ObjectSets generated inDéveloper Task. TheObject
Editing contextual toolbar provides editing tools thattd@she user to
split touching objects, connect (i.e., merge) unected objects,
modify object boundaries, delete objects, and ere&w objects.
When this task is selected, the objects outlinetthénimage overlay
are automatically filled-in. An icon on the cortiead toolbar toggles
the objects between filled and not filled states.

Tip: Zooming in the image will aid in drawing more a@terobjects.

Object Editing Contextual Toolbar — Following is a description of
theObject Editing  contextual toolbar.

Select: Used to select an object. Point at an objesn tleft
click. The selection is indicated by an outlinetloé object’s
bounding rectangle. To select multiple objectsghbeCtrl key

down while left clicking the objects. Left clicignan object
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without holding down thectr key will cause all previously
selected objects to become unselected.

# Draw: Used to modify objects or draw new objects (polihts,
lines, curves, or polygons depending on the gegmieinl
selected). By default, no drawing tool is selected

Erase: Used to modify or delete objects (remove poilitgs,
curves, or polygons depending on the geometrystedetted).

[]

The following geometric tools are used in conjwrtiwith the
Draw andErase t00ls.

Point : TO create or delete objects one pixel at a time.
Line: To draw straight lines.

Polygon : To draw polygons with connected straight lines
Free-hand Polyline : To draw a curved line.

Free-hand Polygon : To draw a closed curve defining an arbitrary
shape.

z# Fil Shapes: Toggles the object representation in the graphic
overlay between filled and outlined.

/3! On the fly Pixel preview : Toggles between showing a preview of
an object being drawn as either filled or outlin&dich previews
aid visualizing the effects while an object is lgailnawn.

Tip: Itis recommended that tioe the fly Pixel preview tool be used
when splitting touching objects with théne or Polyline tools in
conjunction with thesrase tool. Also, it is better to zoom in the image
to get better image resolution.

«#  Keep selection : All selected objects are kept and all unselected
objects are deleted. The tool is active if attlesm®e object is
selected.
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Delete selection (DEL) : All selected objects are deleted and all
unselected objects are kept. This tool is acfiva ieast one
object is selected.

“0 Undo (Ctrl 2) : Undo the last editing operation. Only one leviel o
Undo is provided.

i Redo (Ctrl Y): Redo the last Undo operation. Only one level of
Redo is provided

Once theobject Editing  task is completed, a new ObjectSet is created
that includes the new objects, as well as the nead#nd unmodified
objects of the prior ObjectSet. This new Object8éitupdate the
prior one that was generated during thigect Extracton or the
Developer tasks, and this new one will be used for Measurements

task. It is a good idea to save this new Objedt8dtrther analysis
and to avoid having to repeat the manual objetihgditeps.

2.9.5 Measurements Task Ifﬁﬁﬁl

TheMeasurements task provides a set of tools that enables thetaser
work with the active ObjectSet in order to interay create new
objects (types other than bitmaps), compute thecblbpeasurements
previously selected by the Administrator in Hegings menu, display
measurement data in grid and graph formats, aagdort the data as
either an Excel-compatible spreadsheet or a CSmi{w@ separated
values) file.

This task generates up to four grids associatéuketgurrent image in
window B (i.e., Object Measurements, Object Global Measurements,

Interactive Shape Measurements, and Interactive Shape Global
measurements), & chart display interface window D, and a contextual
toolbar. The tools on the contextual toolbar amuged by related
functions as follows: computing, display, exporhdainteractive
drawing.
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Contextual Toolbar — Compute Tools

The Compute tools are used to cause computation of the
measurements previously selected in tegtings menu by an
Administrator. The applicable computations arefquered on the
objects created with th@bject Extraction task, thedbject Editing task,
the Developer task, and/or the shapes drawn interactively wiih t
Interactive Drawing Tools  described below.

Four categories of measurements can be made asdatreedisplayed
iN window B as Object measurements, Object Global Measurements,
Interactive  Shape measurements, and Interactive Shape Global
measurements. These grids are described in more detail elsewhere
this section.

Object measurements : TO compute measurements for each
object in an active ObjectSet generated byadtbject Extraction
task, theobject Editing task, or theeveloper task. Measurement
values are displayed in the Object Measuremerdsimgtiindow

B.

Object Global Measurements: TO compute aggregate pixel
attribute measurements over an entire image anaggegate
measurement (i.e., fraction of surface area) fa #Hctive
ObjectSet. Araggregate object measurement treats all objects
listed in the selected grid as if they were a singbject.
Measurements are displayed in the Object Globakhteanents
grid inwindow B.

Interactive Shape measurements : TO compute measurements for
each shape manually drawn in the overlay of thiveaghage
using the Interactive Drawing Tools described below
Measurements are displayed in the Interactive Shape
Measurements grid isindow B.

Interactive Shape Global measurements : TO compute aggregate
pixel attribute measurements over an entire imagg @ne
aggregate measurement (i.e., fraction of surfaea)dor the
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interactive shapes. Aaggregate shape measurement treats all
shapes listed in the selected grid as if they wesengle shape
entity. Measurements are displayed in the Inteac®hape
Global Measurements grid window B.

If you have computed measurements for one of thectiets or
interactive shapes and then attempt to computeuregasnts for
another ObjectSet or set of interactive shapeswjibloe given
the opportunity to save the current measuremefsebiney are
overwritten by new values.

The ObjectSet aggregate measurements madeGlityal
measurements are a predefined set of commonly useful attribute
measurements such as surface area fraction, regardinates,
and various statistical measurements based on ipbegisities.

A more detailed description of those global measards is
provided in section 4 of this document. Global roeaments are
appended in the same grid, a new line being adatddtene the
global measurements are computed. Save the cgmdnising
the Save Global Measurements entry in the File rteesave the
contents of a grid before clearing it.

Objects in the image overlay are linked to theitries in a
measurements grid. Clicking on an object in theggnaverlay
causes both the object and its associated rowengthl to
become highlighted. Conversely, clicking on Keysibar of a
grid row will highlight both that row and its assted object in
the image overlay.

Note: After at least one object has been added or reddih an
ObjectSet, the prior measurement computations arenger valid
and the measurements should be recomputed to upeatevalues.
Remember also to update ObjectSet global measutgrfersed.
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Contextual Toolbar — Data Display Tools

Sort: To sort objects (rows) in a grid based|on
the contents of an attribute’s measurements
(column). Before using this button, a column in
a grid must be selected by clicking on—=&
measurement name at the top of that column. Tiaeiltlese of
this button is to perform the sort representechbybutton’s icon.
Clicking on this button’s arrowhead opens a droprdonenu of
sorting alternatives. The icon displayed on thigtdm will
reflect the last sort alternative chosen. Follgielow is a brief
description for each sorting alternative.

Note: Scalars or scalar values are single numbers. afé® of a
rectangle is a scalar number. Vectors or vecthregaare a set of
numbers, typically separated by commas. A pixehtion is an
example of a vector value since it is written @sia of numbers x,y.

%1 Descending sort 1 To sort objects based on their values for the

selected attribute (column) from lowest to highedtie. Only
available for measurements whose values are scalar.

%1 Ascending sort : To sort objects based on their values for the

selected attribute (column) from highest to lowedtie. Only
available for measurements whose values are scalar.

Default sort : To sort objects based on their index key va(ladts
most column) from lowest to highest value.

l«x Hide: To hide a grid’s selected attribute column(bjote that
measurements values in a hidden column are shthged in
the associated ObjectSet; They are just not gisglan the grid.
Recomputing the ObjectSet's measurements will edisplay a
hidden column. To redisplay a hidden column, sdwe
ObjectSet as an .aso file and then open that ilasoAll of the
hidden columns will be displayed again.
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% Delete: Tool to delete the grid’s selected attributeunmi(s).
Measurements in a deleted column are deleted fnenactive
ObjectSet. If the ObjectSet's measurements ammgated, the
deleted column will be restored to the grid. Yan also restore
a deleted column to the grid by reopening its féespprovided
that it was saved prior to the deletion operatiod was not
saved with the same file name after the deletion.

e Histogram : To compute and display the histogram of a setect
column. The histogram is displayed in tttert window. This
button is disabled if more than one column is setecValues in
the selected column must be scalar (i.e., not K&cto

L= Scatter plot : To compute the scatter plot of the two attribute
measurements (columns) that are selected. Thierspéit is
displayed in thechart window. Exactly two columns must be
selected to enable this button. Values in the setected
columns must be scalar (i.e., not vectors).

Contextual Toolbar — Data Export Tools

The two data export tools provide exporting of measient data to
either an Excel-compatible spreadsheet file or & G8omma
separated values) file. First, select a grid Imkiclg on its tab. Next
select the columns that you wish to export. IEalumns are selected,
then the entire grid will be exported. After clinx on one of the
export buttons, the user is given the opportunitypecify a name and
save location for the exported file. The useraan specify that the
file be opened after it is saved. If the openarpis exercised, the file
will be opened by the default program specified tfee Windows
environment for the file format type used. For@\ile, if opened
by a spreadsheet program, all data will appeaoionmn A as text
strings. However, Excel provides an import functibat will allow
proper parsing of CSV file so the values and hemdiappear in
proper column format. Note, if Microsoft Excehist installed on the
PC, then the .xls file is only saved on disk.
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Export as Excel file (xis) : To export a grid’s measurements to an
Excel spreadsheet file format (.xIs).

Export to CSV : To export a grid’s measurements to a CSV
(comma separated values) file format. Note thaiic®ons are
used to separate the values.

Help: The selection of measurements (columns) and tsbjemwvs)
in a measurement grid is done respectively byiolickn the name of
the measurement (first row of the grid) or on ajecits index key
(first column of the grid). The selection of mplé columns or rows
is achieved by simultaneously holding down the kayly's Ctrl key
and clicking the left mouse button for each coluamrow to be
selected. To select a group of adjacent columnsves, first click on
one of the group’s two outer columns or rows, theld down the
shift key while clicking on the group’s other outer coluntrr@w.

Contextual Toolbar - Interactive Drawing Tools

The interactive drawing tools enable the user tackiyu draw
geometric shapes in the image overlay. Attribofdbese shapes can
then be quickly computed and displayed in theractive shape
measurements and Interactive Shape Global measurements grids.

The drawing tools provided in this task are differieom the drawing
tools available in thebject Editing task, described earlier. While the
Object Editing drawing tools are used to create new or modifgtiexj
bitmap objects, the Interactive drawing tools haveffect on bitmap
objects in an ObjectSet. Rather, the Interactiagviohg tools are used
to create geometric shapes (e.g., angles, cirplaggons) whose
attributes can also be measured (e.g., angle staatiea). While both
the interactive shapes and extracted objects spéagled in the image
overlay, their respective ObjectSets are displayseéparate grids and
saved as separate .aso files. Note that integasitimpes can overlay
one another and can intersect with bitmap objedigreas bitmap
objects are always distinct and separate from oother.
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Brief descriptions of each interactive drawing tiadlbw below.

Selection : To select objects in the image overlay and gads
contextual drawing tools and drop-down menus.

Closed shape : To draw geometric objects that have closed
borders. The default use of this button is to di@@vwobject type
represented by the button’s icon. Clicking on thigton’s
arrowhead opens the adjacent drop-down menu ahaliee
shapes. The icon displayed on this button wilectfthe last
shape chosen. Following below is a brief

description of each shape tool.

Rectangle: To draw objects of type

rectangle The rectangle is defined by two,

diagonally opposite corners. Move the

mouse to the location of the first corner.

Press and hold the left mouse button down

to mark that corner. While holding the

button down, move the mouse to the location for sbeond
corner. A preview of the rectangle is shown asrtimise is
moved from the first to the second corner. Refgpiie button
marks the second corner and displays the finametz.

Circle by 3 points : To draw objects of typeircle using three
points on its circumference. This method is basadthe
geometric property that a circle is uniquely dedilhy any three
points on its circumference. Each time the lefitdwuof the
mouse is clicked, a point is defined. A previewte circle is
shown as the mouse is moved after the second ipaiatfined.
When the third point is clicked, the final circéedisplayed.

Circle by Bounding Box : To draw objects of typeircle based on
the bounding box of the circle. A circle is unityudefined by
the smallest square that can completely containitble. Move
the mouse to the location of the square’s uppecteher. Click
and hold down the left mouse to mark that coriwéhile holding
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the button down, move the mouse away from the ujgder
corner. The square and circle are previewed asnthese is
moved. When the circle is the desired size, reld#asleft button
to display the final circle.

Circle by Diameter : To draw objects of typeircle based on the
circle’s diameter. A circle is uniquely defined thye end points
of any of its diameter lines. Move the mouse ®ltdtation of

the first end point. Click and hold the left molms#ton down to
mark that end point. While holding the button dpowrove the

mouse to the second end point. The diameter ankk @re

previewed as the mouse is moved. Release thadefte button
to mark the second end point and display the &inelle.

Circle by Radius : To draw objects of typeircle based on its
radius. A circle is uniquely defined by the endhfof any of
its radius lines. Move the mouse to the locatibthe circle’s
center point. Click and hold the mouse button daywmark the
radius’ first end point (at the circle’s centek)/hile holding the
button down, move the mouse to the second radudipent (at
the circle’s circumference). The radius and cieste previewed
as the mouse is moved. Release the left mousentiot mark
the radius’ second end point and display the Gimale.

Elipse : To draw objects of typellipse An ellipse is uniquely
defined by its bounding rectangle and, therefoyeary pair of
the bounding rectangle’s diagonally opposite candfiove the
mouse to the location of the rectangle’s first eornPress and
hold the left mouse button down to mark that cornegvhile
holding the button down, move the mouse to thetimedor the
second corner. A preview of the ellipse and itsinioling
rectangle are shown as the mouse is moved from fmythe
first corner. Releasing the button defines th@msgcorner and
displays the final ellipse.
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Polygon : To draw objects of typpolygon A polygon is a
closed shape comprised of three or more straightdegments
such that each segment intersects exactly two stgments.
Each single click of the left-mouse button defiaesrner of the
polygon and the starting point of the next sidepréview of the
polygon is displayed as the sides are drawn. Aldoclick of

the left mouse button completes the polygon draw(iNpte that
if you allow any side in a polygon drawing to irsect any other
side more than twice, you will have drawn multigennected

polygons.)

Free-hand Polygon : To draw objects of typgolygon. The
graphic object is defined by the mouse trace froentime the
left button is pressed until it is released. Wiiea button is
released, the straight line connecting the starind ending
points of the trace closes the shape to produdentiebject.

Open shape: To draw line objects,

including straight lines and lines of

arbitrary geometry.  Clicking on this

button displays the adjacent drop-down

line menu. The icon displayed on this button veflect the last
line option chosen. Following below is a brief cigdion for
each line tool.

Line: To draw objects of typee. A line is defined uniquely by
its end points. Move the mouse to the locatiotheffirst end

point. Press and hold the left mouse button dawmark that

end point. While holding the button down, move theuse to
the location for the second end point. A previdwthe line is

shown as the mouse is moved from the first to duersd end
point. Releasing the button marks the second emat pnd

displays the final line.

Polyline : To draw objects of typeolyline A polyline is a set of
straight line segments connected end-to-end. if$tecfick of
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the mouse marks the start of the first line segmé&hereatfter, as
the mouse is moved, each click of the mouse makend of
the current segment and the start of a new segnfertouble

click marks the end of the last segment and displag final

polyline.

Free-hand Polyline : To draw objects of typkee-hand polyline
The line is defined by the mouse trace from thee tihee left
button is pressed until it is released, which digpkhe final line.

Angle: To draw objects of typangle An angle is defined by
three points specified by the first three clicksha# left mouse
button. The second click marks the vertex of tigdea while the

first and third clicks mark points on the linesttfam the angle

when they meet at the vertex.

Caliper: To compute the distance between two points @& th
image. Click on the first point; move the mousehi® second
point and click, after which the final line is diayed.

Delete selection : To delete the selected objects. Using the
Selection tool, select all objects you want to delete. Thisrk

the Delete selection button. The selected objects are deleted and
the unselected objects remain.

Keep selection : Tool to keep the selected objects. Using the
Selection tool, select all objects you want to keep. THeak the
Keep selection button. The selected objects remain while the
unselected objects are deleted.

Contextual menus of a measurements grid

Various contextual menus are provided listing ajema that affect
the display of grid results in a column, in a raw,in a single cell.

Each of these pop-up menus will display a subsethef nine

operations listed in the menu to the right. Adtora of these menus
depends on the mouse location when right-clicking.
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Row Contextual Menus— There are two sets of

row operations possible when the user right-

clicks on the index key column (first column).

If the user first selects one or more rows and

then right-clicks in the first column, the row pop-menu displays
four operations as shown in the menu to the rightho rows are
selected when the user right-clicks in the firducm, then only the
Freeze andunfreeze operations are available.

Deselect all objects : Clears highlighting for all object rows.

Freeze: Scrolling is limited to those rows below theestéd row
and all other rows are frozen (i.e., always in Yiewtl an
Unfreeze Or anotheFreeze operation is applied.

Unfreeze: Scrolling is re-enabled for all rows.
Delete: Deletes all selected rows.

Column Contextual Menus— There are three

sets of column operations possible when the

user right-clicks on a column heading (first

row). If the user first selects a column with

scalar values and next right-clicks in the

heading row, then a pop-up menu containing

nine operations appears (see adjacent menu).

If the user selects a column with vector values

or selects more than one column, and next

right-clicks in the heading row, then the pop-

up menu only contains the last five operations.

If no columns are selected when the user righkslio the column
heading row, then the pop-up menu only contains l#sé two
operations.

Following is a brief description of each of the i@ions listed in the
contextual menus for columns (attribute measureshent
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Ascending sort : Sorts the rows such that measurement values are
increasing from top to bottom.

Descending sort : Sorts the rows such that measurement values
are decreasing from top to bottom.

Default sort : Sorts the rows such that index key values (in
leftmost column) are increasing from top to bottom.

Histogram :  Computes and displays the histogram of the
measurement values in the selected column. Thencomust
contain only scalar values and exactly one colunay ie
selected.

Scatter Plot : Computes and displays the scatter plot of the
measurement values in the two selected columng. cdlumns
must contain only scalar values.

Hide: Hide all selected columns.
Delete: Delete all selected columns.

Deselect all attributes : Clears the highlighting for all attribute
columns.

Freeze: Scrolling is limited to those columns to thehtigf the
selected column and all other columns are frozen élways in
view) until anunfreeze or anotheFreeze operation is applied.

Unfreeze: Scrolling is re-enabled for all columns.

Cell Contextual Menu— Only one pop-up menu is

available when the user right-clicks in a cell.eTh

operations in this menu are independent of anyr getection of a

cell. The reference cell, that was right-clickddes not become a
selected cell. However, the reference cell’'s gpahtion determines
the row and column used in theeeze view operation. Following are
descriptions for the two menu items.
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Freeze view : Scrolling of rows and columns is limited to thos
rows that are below the reference cell and thosgrrs that are
to the right of the reference cell. All other rosrgl columns are
frozen (i.e., always in view). If ereeze view operation is already
in effect when therreeze view function is again applied, the
frozen/unfrozen areas will be reoriented to the meference
cell.

Unfreeze view : Scrolling is re-enabled for all rows and columns

2.9.6 Report Generation Task ﬁ]l

The Report Generation task provides an easy way to create a project

report that can contain images, ObjectSets, Meamnts grids, and
histograms. It also includes tools to copy Aphelimages and
ObjectSets to the Windows clipboard for easy ir@erinto other
documents. This task provides a contextual toplbarvisualization
window, and the Measurement grids. The contextuallbar
operations are described below.

The report process uses an Excel macro, writtewBA (Visual
Basic for Applications), that imports selected eobjdata from
Aphelion into an Excel Workbook that contains nmlétiworksheets
of project imagery and data. The macro can bedfauthe Excel file
located at:

<Aphelion Dev install dir>/bin/release/report_tenap.xIs for Deor
<Aphelion Lab install dir>/bin/release/report_tenape.xIs for Lab
This macro can be edited by an Administrator topadato the

project’s specific needs. It is a good idea tokhae the file before
modifying the macro.

= Report Generator : TO generate a project report. Clicking this
button causes the Excel macro to execute.
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Note: Macro execution must be enabled in Excel. Tdhi&) open
Excel and click ormools Macro Security. The medium security level
will allow the Aphelion macro to execute.

[® Copywhole image to clipboard : To export the active image to the
Windows clipboard.

& Copy whole image with ObjectSet to clippoard : To export the
active image and its ObjectSet displayed in thegeraverlay to
the clipboard.

|58 Copy displayed part of image to clippoard : To export the visible
portion of the active image to the clipboard.

e

Copy the displayed part of image with ObjectSet to clipboard : ToO
export the visible portion of the active image ahe visible -
portion of its ObjectSet displayed in the imageriayeto the
clipboard.

After exporting the active image with or withous image overlay
ObjectSet to the Windows clipboard, the standamdéfivs tools can
be used to paste the clipboard’s contents intacardent created with
Microsoft® Word, Excel, PowerPoint, or other applications.

2.9.7 Developer Task (only in Dev version)

TheDeveloper task provides a wide range of functions to beiagb
images and ObjectSets. It also provides four egpanguages that
enable easy development of image processing aipptisain the
Aphelion environment. Once timeveloper task is selectedindow D
(seeFigure 2.8-) is initialized with four, stacked windows. Each
window and its contextual toolbar is accessiblecligking on the
window's tab located at the bottomaafdow D.
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Functions Window - The

selection and set up of an image

processing or image analysis

function is performed in this

window @window D). First, choose

the function to be performed by

selecting it from th@rocess menu

or the Function drop-down list

located in this window. When a

function is selected using the

Process menu (see page 40), then

that function will automatically appear as the tigpd entry from the
Function drop-down list. When a selected function hasloges (i.e.,

it has functional variations based on the type aachber of its

parameters), any of its overloads is selectabledsns of a horizontal
scroll window denoted by blue arrowheads pointefgdr right. One
can browse through the available overloads of thiztion by

clicking on a blue arrowhead. When a function ta®verloads, the
arrowheads are gray. The first overload displéyed function is the
most common one (e.g., fiatage Arithmetic Add , the first overload is
the sum of two input images that generates an but@ge without

controlling the sign or the overflow).

To create a new image, choos&w Image> from the Output Image
drop-down list and then enter the associated paeasn€lick on the

icon located at the right of this dialog box ttealthe image
parameters (e.g., name, type, size).

To rename an image, enter a
new name in th&lame dialog
box. If the image name already
exists, the string (1) will be
added automatically to the
name. Pull-down theixel Data
Type menu to choose the
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desired data type (i.e., 8-bit unsigned, 16-binexily float 64). If

necessary, choose between the 2D and 3D imageadiverand then
set the correct pixel counts for the image dimerssidhere is usually
no need to alter the image size.

Note: The ¥ dimension is only available if the optional 3D byea
Processing module is installed.

The icon is displayed when a parameter value ialishfor the
selected function cannot be applied to it. Hovetirggcursor over the
icon will display a warning message as a tooltip.

The icon identifies a parameter that has subparameienghich a
graphical tool is provided to specify their valugesg., defining a
convolution kernel). Clicking on the icon displafse parameter's
graphical tool (seA&PPENDIX 1V:. Kernel and Structuring Element
Editor). For the functionmage® Filtering® Convolve , @ convolution
kernel editor is displayed to facilitate enterirgjues for the kernel
name, size, and weight values. UseTtiekey to move through these
subparameters. Double-click on a cell to makdaet drigin of the
kernel. After the subparameter values have begrclgek the ok
button to save them and close the graphical tééiernatively, click
the cancel button to close the graphical tool without savihg
subparameter values.

After all of the parameters associated with theetirfunction are
specified, click the button to execute the function.

Macro Windows — Each of the three remaining windows in the

window D stack hosts a macro programming environment for a

scripting/macro language, one window each for Esipt (a Visual
Basic compatible language) and Python, and oneomirghared by
Visual Basic and Visual C#.

An Aphelion Dev work session can be recorded inarmfile using
the BasicScript language, which is compatible witkual Basic. In
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addition, Aphelion functions have been added tad3asipt's library
to enrich the language with image processing and fGkktions.
Python and Visual C# code can be written and egdcut the
Aphelion Dev environment, although it is not poksito record a
work session in these two languages.

Since a recorded macro file can be edited, debugpedblayed using
the contextual toolbar, it provides a convenieny W developing

image-based applications. Macros are created BsisgScript code
and the Aphelion function commands. One can aactsa macro
using the record capability or by typing code dlyecA BasicScript

macro file has the extension .apm (stands for Admeélacro). A

Python macro file has the extension .py and a Vi€&#amacro file

has a .cs extension.

The Macro contextual toolbar includes the followfngctions:
Run the macro
Pause the execution
Stop the execution
Step into the code
Step over the code
Go to the end of the code
Break point
Watch point. Display the value of the variable
Stack icon. Displays the stack of all the entnnsoi
Start Recording
Stop Recording
Cancel Recording
Find
Undo
Redo
Increase indentation
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Decrease indentation

Comment selected lines

Uncomment selected lines

Showr/hide carriage return
Only BasicScript macros can be recorded. To reaardhcro, select
the BasicScript tab inindow D (if the window is empty, the tab will
show Untitled.apm). Then click on the Start Retaydcon ( ) in
the contextual Macro toolbar. To stop the recgydatick on the Stop

Recording icon ( ). To abort a recording, click on the Abort
Recording icon ( ).

Note: All macros developed with version 3.2 of Aphelioan be
executed in version 4.0 of Aphelion Dev after mireatits and
modifications. See sectidlD. Main Differences between Aphelion
Developer 3.2 and Aphelion Devet the list of BasicScript functions
that were available in version 3.2, but are notl@ve in version 4.0

Tip: A macro will be easier to view if its window isidocked and
then expanded to display full lines of code. To agkdthe Macro
window, double-click on the associated tab or wimdmanner. To
redock the window, double-click on its banner. thseicons in the
contextual toolbar to execute the code. For furtthetails about
window management, refer to sect®@®8.1 Workspace and windows
of this document.

A contextual menu activated by right-clicking iretilacro window
enables the user to perform certain actions retégahe active tab.
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Following below is the contextual menu for tBesicScript (*.apm)
window:

Create a new macro
Open an existing macro
Save a macro

Find a string of characters
Replace a string of characters

Create a new dialog structure
Edit an existing dialog structure

Run the current macro

Following below is the contextual menu for #yehon (*.py) window:

Create a new macro
Open an existing macro
Save a macro

Find a string of characters
Replace a string of characters

Show line numbers

Execute selected lines of code
Execute the current line
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Following below is the contextual menu for tigual C# (*.cs) and
Visual Basic (*.vb) window:

Create a new macro
Open an existing macro
Save a macro

Find a string of characters
Replace a string of characters

Display the line numbers

Compile the current macro
Run the current macro

Note: A macro cannot be run in an undocked window.eXecute the
macro, redock thelacro window by double-clicking its banner. The
window will return towindow D and the contextual toolbar can then be
used to control the macro's execution.

When executing a macro that generates successagesythe images
will be displayed as stacked imageswindow A, each with a tab

containing its image's name. In the figure bekbw,set of tabs named
BloodCells, original, Imagel*, Imagl (2)* Binary3*, Binary4*, and Result*
were created by running a macro.

The presence of an asterisk appended to an image meeans the
image has not been saved since it was last modifissta new image.
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During macro execution, images are not automatidaplayed in the
image window indow A); a specific function has to be called in the
macro code to perform that task. The display foncilternatives are:

BasicScript: AphimgView

Python: Aphimages.Add
Visual C#: app.lmages.Add
Visual Basic app.Images.Add

Immediate and Output Windows

While in the Developer task modewindow B contains four stacked
windows whose tabs show the nam@&slery, Output, BasicScript
Command, andPython Command. The Gallery window displays images
generated by macros. The other three windowscarenand and
Output windows.

The output window displays measurements and other data dedera
by macros. For example, if a Python macro exeaf@int function,
the output of that print function is displayed Ire Dutput window.
Similarly, for a BasicScript macro, the output bé tAphinfoWrite
function is displayed in theutput window.

The two remaining windowsasicScript Command andPython Comand,
arelmmediate windows. When a macro command is typed into @& on
of these windows, it is immediately executed upg@mg of theEnter
key. For example, typing a print function followlegtheEnter key in
the Python Comand window will result in the print results being
immediately displayed in theutput window. Similarly, typing an
AphinfoWrite function followed by the&nter key in theBasicScript
Ccommand window will cause its results to immediately degpin the
Output window.
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The BasicScript Command window has two features that are not

available in the&ython Command window. 3. TUTORIAL

1. TheBasicScript Command window includes a command line dialog

box at the bottom of the window. A function cantyjeed or
pasted into the dialog box. If theter key is typed, the function
is immediately executed, copied into the upper aftiae
window, and cleared from the dialog box. Functicas be
copied or cut from thBasicScript window {vindow D) and pasted
into the command line dialog box.

The dialog box has an auto-complete feature tlesdspup typing
of a function's name. When the first characteheffunction
name is typed, a list appears containing all fonsthames
beginning with the typed character. As one typiestianal
characters, the list is accordingly reduced toityirad) names. If
the user highlights a name on the list, that nanagiiomatically
copied into the dialog box. At this point, the ruseters the
appropriate function parameters into the dialogdomk presses
theEnter key.
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3.1 Multimedia demonstrations

If you are new to Aphelion, you will find it helgfuo play the

multimedia demonstrations available on the Aphel@vD in the

Multimedia Demos foilder. The demos show typicehge of the
Aphelion software, from basic settings to repomhegation. The
demos can be found in tbemo Moviedolder as .AVI files compatible
with Windows Media Player software.

3.2 Walk-through of an image processing and image
analysis application

If you are a new user and want to try out soménefldasic tasks in
Aphelion, such as opening an image and runningnetion, you can
follow the tutorial below.

Note: We recommend that you read this section beforegusin

Aphelion on a regular basis, and refer to the enldevUserGuide or
LabUserGuide, and Aphelion4 as needed.

1. Select atask
Each task has a specific work environment and [gatp®he
Task toolbar, located by default along the leftsedjthe
Aphelion graphical user interface, is used to $étectask to be
performed. The user controls an Aphelion projgauxcessively
selecting the tasks, as needed, fidage Acquisition O Report
Generation . For simple projects, the linear sequence ofables
Image Acquisition  throughReport Generation may be sufficient.
For more complex projects, tbeveloper task (only available in
the DEV version) provides an extensive set of amfdit image
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and ObjectSet functions, as well as macro progragnmi
environments.

Open or acquire an image to process

There are two ways to select an image: 1) opemage stored
on media or 2) capture an image with an attachadem(e.g.,
camera). For this walk-through, we'll choose aameple
image from the hard drive. On the Main toolblckdhe

Open button. From the Open dialog box, double-click
BloodCells.tif. The image opens in th&ualization window.

Adjust the display parameters for the image

The following buttons in the main toolbar
are used to change the zooming factor and theo&tka image to
be displayed in theisualization window. Experiment with these
functions to learn how they work. Refer back tozbem buttons
discussion in sectioh 8.4

Extract blobs in an image

Click button to select thebject Extraction Task. In thedbject
Extraction window, click thesack button until you are at the first
panel Back button becomes inactive). In the first panel,etee
Green channel, then clickext. In the second panel, unselect
Apply Filter and then seleGtreshold, Automatic threshold
computation, andSelect dark objects.

As you made changes to these parameters, youaosddve the
consequences of those changes irritngew window. Remember
that you can also change what area of the imggevsewed by
modifying the cyan rectangle in thiualization window. Click
Next.

At the third panel, begin by visually inspecting tmage in the
Visualization window. Be sure you see the entire image byialick
on therit to Window icon or zooming out so the image frame is
visible. Determine if any objects have holes arahif objects are
touching (clustered).
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If no objects are touching and none have holear the first
three checkboxes.

If no objects are touching and some have holes;tsehly the
Fill holes option.

If some objects are touching, but none have htiles, select
the Split touching objects (before hole filling) option.

If some objects are touching and some have hbless Select
theFill holes and thesplit touching objects (after hole filling)
options.

For the BloodCells image, select the optiongiiofioles andSplit
touching objects (after hole filling).

When an object is touching the image frame, arcbpy@cessing
function will assume where the frame touching thiect is
actually part of the object's boundary. Such pasbgects will
bias computation of global measurements (i.e., avakobjects
are aggregated as a single object). In such dhs@amove
objects touching image frame option should be selected. Be aware
that there can be cases where all objects areitguitie image
frame. In such cases, the function would elimiaditef the
objects. The use of this function will require thbtful
consideration of the image contents and the asajgsils. For
our example, select this option.

The last checkbox Eiter objects on . For this tutorial, we will not
use this function.

Finally click theapply button to apply all of the selected
extraction processes to the entire image. All efektracted
objects are now outlined in th@&ualization window. Sometimes it
will be necessary to experiment with the objectaetion
parameters to achieve an acceptable extraction.

Edit the result of the Extraction Task
After completion of th@bject Extraction task, it may be useful to
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edit its results. To begin editing, click on the button Note

that the object outlines are now filled in, formaged mask over
the underlying image pixels. Those pixels thatatepart of an
object are still visible. To become familiar witretdrawing tools,
do the following:

Find an object a hole and fill in the hole.
- Join two neighboring objects to make a single dbjec
- Split a large object into two separate objects.
- Smooth out the edges of an object.

Try some of your own ideas using |

Remember, thendo button  (see Contextual toolbar) cancels
only the last editing action and tRedo button @ (see Contextual
toolbar) cancels only the last undo action.

Compute measurements

Click to select th&leasurements task. Click onthe
Contextual toolbar:. Individual measurements émtheobject will
be computed and entered into tgect Measurements grid. Next,

click on the Contextual toolbar. Thbal Object
Measurements grid will become active and the global
measurements will be computed and entered intgtiois

Use one of the four shape tools among closed sbppr,shape,
caliper, and angle, to draw shapes in the objestaythat will
provide measurements you feel will help achieve poalysis
goals. These Interactive measurements will suppiethe
Individual and Global measurements you previousiyuted.
Draw at least one of each shape type, and thdn clido
compute the measurements associated with each dfatvn
shapes. In thieteractive Shape Measurements grid, review the
computed results to understand how using the oiteesshapes
tools can provide useful, supplemental information.
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Note: While interactive measurement shapes are dnathei

object overlay, they are special purpose objeetsatte not fully
compatible with objects created with thigect Extraction and

Object Editing  tasks. These shape objects cannot be combirey in
way with the other object types. The only Objett@ections that
can be applied to shape objects aredtpetSet Utility functions.

7. Generate the analysis report
First, be sure the computer you are using has Bbfré&xcel
installed. Next, be sure you have selected an imadereated an
ObjectSet and some measurement shapes for ithaingbu have
computed measurements for the three measuremesit @lick to
select theReport Generation task. Next, click onthe
contextual toolbar. When the macro security waynnessage
appears, seleehable Macros. The report is then quickly created
as an Excel compatible file.

The contextual toolbar provides other buttonséhable you to
copy to the Windows clipboard either the full, oreg image or
that image with its object overlay, or a zoomedrea of the
image or of the image with its object overlay. Topied image
can be pasted into the report just generated@aiseparate
document. Experiment with these tools to custoyze report.
Remember, you can customize the Excel macro arfekited
template used by thReport Generator .

8. Save images and ObjectSets
Before closing a window containing images or Oljetfiles
that have not been saved since being created ondaiified,
Aphelion Lab and Dev asks the user if the fileautthbe saved.
Select the save option you prefer. Remember, ygusaae
image or ObjectSet files at any time ughigs on theMain menu.
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3.3 Interactive Analysis Tools (Dev only) 2. Select, move, and resize the rectangle

Make sure theelect tool () is active (button outlined in blue).

If it is not, click on it now. Any number of graghbverlays in the
Visualization window can now be selected and moved. Select the

3.3.1 Intensity Profile

1. Draw a line profile and display the associated char

Enable the Profile tool by clicking on thefile button () on
theMain toolbar. Next, click the arrow on tiseape button to
select a shape drawing tool. Since an intensitfiigis always
taken along a straight line, selgetticalLine (). Create a vertical
line profile by clicking on a point in the imagedhgh which you
want the vertical profile to be taken. A vertitaé is drawn and
the intensity profile along that line is then deg@d in thechart
window (window E).

Select and move the line

rectangle drawn in the previous step to causeitdlbs to
appear. With the mouse cursor positioned on anybtiee
handles, click and hold down the left mouse budiah move the
mouse to resize the rectangle. Release the motiea b
complete the resizing. To move the rectangle, sitlecd move
the mouse cursor to the rectangle's interior. k@i hold down
the left mouse button while you drag the rectangleasing the
mouse button when the rectangle is at the desicadidn. Note
that the histogram is updated in real-time asehtangle is

Make sure the Select tool is active (button outlined in blue). If resized or moved.

it is not, click on it now. Any number of graphieaslays in the 3. Delete the selected graphic overlay

Visualization window can now be selected and moved. Select the Using theselect tool (), click on the rectangle to select it.
line dr_awn in the previous step and move it. I‘tlt_m%the profile Next, clickDelete Selection button (). The line is deleted and
chart is updated in real-time to show the intermibfile along the the histogram chart is cleared.

moving line.

3. Delete the selected line
Using theselect tool (), click on the line to select it. Next,
click Delete Selection button (). The line is deleted and the
profile chart is cleared.

Note: The conversion of one or more objects of an @Bgicinto
multiple ROIs can be done by calling C# code. Taleok at the
macro RoiProcess.apm in the Macro 40-32 macro rfatténd the
syntax. This folder can be found at:

<Dev Installation Path>\Aphelion 4.x.y\Dev/Macros 32-40\Clocks.apm

3.3.2 Histogram

1. Draw a shape and display the histogram chart
Click theHistogram ( ) button to select the histogram tool, and
then click the arrow on th&hape button to select a shape drawing
tool. While any closed shape can be used, choesedtangle
(). Inthe image, click and hold down the left m@bsitton
while you move the mouse to draw a rectangle. Wherrelease
the left mouse button, the rectangle is completektize intensity
histogram is displayed in ti@art window.

93 94



Aphelion Imaging Software Suite - User Guide

3.4 Using Developer functions & macros  (Dev only)

3.4.1 Select and run a function

1.

Accessing the Developer Task

Click on theDeveloper task () on theTask toolbar. The
Developer task can also be accessed by selecting a furicion
theProcess menu on théain menu.

Select the function to run

If you did not select a function in the first steplect now a
function from theProcess menu. Alternatively, select tiranction
tab of thewindow D and use theunction drop-down list that
appears near the top of the window. For examue) the
Process menu seledtages® Utility® ExtractBand. Using the
Function drop-down list, seleaiage.Utility.ExtractBand entry.

View the online Help for the selected function
Click theF1 key in theFunction window to display the Help topic
for the selected functioextractBand.

Specify the function parameters, including the inptiand

output images.

If you haven't already done so, opengleedcCells.iif image found
at<Dev Installation Path>\Aphelion 4.x.y\Dewimages\. Then, click the
Inputimage button in thecunctions window and sele®loodCells
from the displayed list. Then click tletputimage button and
selectNew image>. In this case, Aphelion Dev will automatically
define the data type and the size of the outpugendaepending on
the function executed. Finally, change the bande/eiom O to 1
by clicking on the appropriate arrowhead (0 = Red Green, 2 =
Blue).

Run the function
Click to run the function. Observe that the extracted
green band appears as a new image imte Gallery in window
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B with the name Image #.

Note The button will be disabled ( ) if any
parameter is not correctly specified. Theicon is displayed at the
right of a parameter that is not properly speciffedsition the mouse
cursor onto this icon and a tooltip explaning thierawill pop up.

3.5 Load and run a BasicScript macro

1. Load an Aphelion macro

Aphelion Dev supports programming of macros in ftitferent
languages: BasicScript (unique macro languageing&ghelion
3.x), Python, Visual Basic, and Visual C#. Clickthe window
D tab (svacroName>.apm). Load the BasicScript macro
Ceramic.apm by right-clicking in the BasicScript programming
window and selectingoad... from the contextual menu.
Windows File Explorer will open. Navigate to:

C<Aphelion Installation path>\Macros\BasicScript\
and then select tht@eramic.apm file. The file opens in the

programming window and the file name appears imihdow's
banner.

Note: The macro programming window can be undocked by double-
clicking its tab. This window becomes a floatinopdow. It can be
resized and moved to any location so the macro cadebe more
easily read and edited. To redock the window, tedick on its
banner.

2. Run the macro
Click  to run theceramic.apm macro loaded into the
programming window. You will see the macro procesas the
intermediate images appear in thealization window. The final
image shows the fiber ends outlined in yellow. ¥an also see
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that the macro excluded fibers touching the windd&me. Each
of the intermediate images can be viewed invtfialization
window by clicking on its tab at the bottom of thimdow. The
intermediate images are also viewable inrtlage Gallery.

I. Set Input Image 1 toBloodCells.)

m. Set Input Image 2 tamage 1 (Result of step g.)

n. Set Output Image tolew Image

0. Click Apply (Note name of resulting image, elgage 3)
p. Set Input Image 2 tamage 2 (Result of step j.)

g. Set Output Image tolew Image

r. Click Apply (Note name of resulting image, elgage 4)

Run the macro again, but use ¢ Into button () to see the
macro executed line-by-line. In this case, the maan be
stopped before reaching its end by clickingsieg button ( ).

Note: If the Macro window is undocked, double-clickinstead of a

. . S. Click on thesasicScript tab to switch to the macro code.
single click to run the macro.

t. Click onsStop Recording .

3. Record a new macro Now, run the macro you just created by clickinglwRun

Only BasicScript macros can be recorded. Recoirdales

macro. Begin by selecting the BasicScript tabteatat the

bottom ofwindow D. If macro code already exists in the window, it
must be removed first. To do this, right clickve twvindow and
selectNew from the drop-down menu. A window appears asking
if you want to save the macro. Once you have desposthe
macro, click on thstart Recording button in the Contextual
toolbar. Now perform the following steps:

a. Load (open) theloodCells.iif image.

b. Click onwindow D's Functions tab.

c. Select the functioneage.Utility. ExtractBand.

d. Set Input Image toBloodCells

e. Set Output Image tolew Image

f. Set Band to: O

g. Click Apply (Note name of resulting image, elgage 1)

h. Set Output Image tolew Image

i. SetBand to: 1

j. Click Apply (Note name of resulting image, elgage 2)

k. Select the functionmage.Arithmetic.Subtract.
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button.

Your macro should have extracted the red and draeds from
the BloodCells image. Then it subtracted thoseltamals from
the BloodCells image and created a new image nnane f
subtracting the red and green bands from the Blelisl{thage.
The last image should be the blue band of the Bletislimage.

3.6 Basic knowledge in image processing & analysis

3.6.1 Processing Images

This section describes how to process and enharages.

Filtering to remove gray level noise

Gray level noise is characterized by varying pwales. This noise
can be random or regular. Any filtering functioril vaffect pixel
values and will usually remove any type of noisanrimage.

Linear or Convolution Filters

Linear filters are the most basic of image procestols. Depending
on the kernel passed ft@ages®Filtering® Convolve, you can apply a
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low-pass filter or a high-pass filter to an imag@r removing random
gray level noise, use one of the low-pass filteeslable in Aphelion
Dev, such asmages®Filtering®Box, Images®Filtering®Gaussian, Of
select theLowPasss predefined kernel in theonvolve function. For
enhancing object boundaries in an image, use giaighfilter.

Non-linear Filters

Non-linear filters are filters whose output is mooportional to the
input. For example, smoothing by averaging isalingvhile median
smoothing is not. An example of a non-linear fiiile Aphelion is
Images®Filtering®@Median. This function replaces the central pixel with
the median, or middle, value when all the neighbodhvalues are
ordered from lowest to highest. As with the linkav-pass filters, a
larger neighborhood results in a more uniform dutpage.

Frequency Filters

Frequency filters are useful when you have preolietgray scale
noise. You can runmages®Frequency®FFT to view the power
spectrum of the image. If you see well-definedstelts that are not
near the center of the power spectrum, these magibe that can be
removed with a frequency filtering function such msges®
Frequency ® RectangularFilter.

After filtering the power spectrum image, use the
Images® Frequency®InverseFFT ~ function to recreate the gray scale
image.

The four bands of a frequency image are viewed gugire
Images® Math® RealPart | ImaginaryPart | Magnitude | Phase.

Filtering to remove spatial noise

Some noise is spatial rather than gray level. fibise is characterized
by roughness along the boundaries of objects, les lathin objects.
The morphological functions can be very effectitzeleaning up this
type of noise. For instance, the functionages®Morphology®
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OpeningClosing®Open can be applied to a binary, gray scale, or color
image in order to remove boundary roughness fraghtobjects.
The functionimages® Morphology® OpeningClosing® Close can be used

to fill in holes in objects.

Other Image Processing functions

The above functions provide an introduction to jastew image
processing groupings in Dev's function library. lidwing are
additional examples of image processing functiougs in Dev:

Arithmetic/Logic (Add, MultiplyConstant, And)
EdgeDetection (SobelEdges)
Geometry (Rotate, Scale)

Utility (Copy, ExtractBand)

3.6.2 Extracting and Analyzing Objects from Images
This section describes how to use Dev to measyjeetslin images.

Global Measurements

Global measurements are those computed directlysoantire image.
For instance, given a binary image, such as andrgagerated by a
simple threshold operationmages® Segmentation® Threshold) (i.e.,
each pixel is either in the foreground or the bamligd), one can
compute the number of foreground pixels as the afd¢he image.
This measurement is computed lyages®Measurements®Area.
Given a gray scale image, one can compute the $uhe omage's
pixel intensity values as the volume of the imagsing
Images® Measurements®Volume.

Segmentation

One is often interested in individual objects inimage, rather than
characteristics of the overall image. Apheliomwa# you to define
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individual objects using either the processes foimdhe Object

Extraction andObject Editing tasks, or the segmentation functions (i.e.,

Images® Segmentation group) found in th@eveloper task.

Regions are the most common object representafiorgion is a set
of connected pixels (i.e., each pixel is a neigldfat least one pixel
in the same region) stored in a bitmap representatiWith the

Developer task, the most basic way to generate regionstleéshold

the image usingpbjectSets® Regions® Segmentation® Threshold.  This

threshold function is manual in that one must $pdbe threshold
interval (i.e., upper and lower limits). The résg regions (i.e.,
ObjectSet) can then be displayed in the image ayeboly right

clicking the ObjectSet thumbnail in tk®jectSet Gallery, followed by

clicking Show®Region.

There are also a number of automatic segmentagtierators, such as
EntropyThreshold in the same function group.

If the image is already segmented as a binary inthge it can be
converted into a set of Regions using thigectSets®Regions®
Segmentation® Clusters function.

Tip: All Aphelion region segmentation functions hawe tversions,
one that generates an ObjectSet and one that gEnerdinary or
region label image. For example, the two Clushanstions can be
found as follows:

For an ObjectSebbjectSets® Regions® Generation® Clusters

For a binary imageimages® Segmentation® Clusters

Many other object representations are availableDev. The
following list gives example functions for some etijtypes:

Chains ObjectSets® Chains® Generation® EdgelsToChains)
Edgels ObjectSets®Edgels® Generation® EdgesToEdgel)
Lines ObjectSets®Lines® Generation® RegionLineFit)
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Polygons QbjectSets® Polygons® Generation® ConvexHull)

Object Measurements

Object measurements are functions that calculaterdlue of object
attributes (e.g., length, area, angle) and thibatiys possible depend
on the object type (e.g., line, region, chain)pi€glly, measurements
are computed in order to filter, classify, or gufgnbbjects found in
an image. Aphelion contains powerful functions domputing and
visualizing object measurements.

ObjectSets

An ObjectSet is a group of objects derived frompacsic source
image and saved together in a special file fornaap]. This file is
essentially a database structured similarly toreagisheet. Each row
corresponds to a specific object in the Object®et each column
contains the measurement values for a specfibutriof the objects
in the ObjectSet. However, this database fileni&h more than a
spreadsheet because it is specifically designedlltov efficient
addition and deletion of objects and measuremeanis,for spatial
access to an ObjectSet file's data.

There are a number of ObjectSet utility functiomgjuding these
examples:

ObjectSets® Utility ® Append|Copy|Merge|Tolmage
ObjectSets ®Filtering ® Filter

You can load and save ObjectSets usingnt&re: entries in the File
menu.

Tip: While version 4.0 of Aphelion has its own Olb§t file format
called AphelionSerialObjects (.aso), its Objectsstess fucntion are
also backwards compatible with the Aphelion 3.2 fibrmat (.tks)
and the KBVision™ file format (TokenSetObjectsp)ts The .aso
format supports new attribute types and very largges since image
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coordinates are now defined as 32 bit variableg® Hso format
should be used instead of the old .tks format.

Example: Producing an Aphelion ObjectSet

This example describes how to start with an imagepaoduce object
measurements in a grid.

1. Open the image you want to work with.

2. Select the functionbjectSets® Regions ® Generation® Threshold.

3. Specify the parameters for the function.

Click the input icon, and select the input imagerfithe pull-
down list.

Select New ObjectSet in tieitput ObjectSet field.
For a color image, select the desired color band.

Slide the Low and High threshold sliders until desired
objects are outlined in red in the image overlde preview
of the threshold is only available if the imagensnochrome.

Click to execute the function.

1. Anew ObjectSet is created and appears iobigetSet gallery.
Right-click on the ObjectSet thumbnail in the gaii® open a
drop-down menu. Choose either to display the @Bgtdn the
image overlay by selectirghow®Regions, or to display a grid in
window B that lists values for each objects area and bagndi
rectangle coordinates by select8igw Grid (See sectio.8.9.

Grids

Results from an object analysis are displayed irAghelion grid.
When theMeasurements task is used to compute object attribute
values for extracted objects, then the Object mea®nts grid is
enabled inwindow B and will display the ObjectSets data. If the
ObjectSet is generated in timeveloper task, then theshow Grid
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function (accessible by right clicking the Objed¢t8aimbnail in the
ObjectSet Gallery) is used to display the Objetd$gid inwindow B.

By default, this grid displays each object's ares, (ixel count) and
the coordinates for each object's minimum boundiagtangle.
Clicking on the show Grid function causes computation of the
ObjectSet's default attributes.

Tip: Each object representation can be convertedaimégion using
ObjectSets® Utility®Tolmage. This function affects the value of an
attribute to each region of an ObjectSet.

Other Object Processing Functions

The above sections are just an introduction toadject function
libraries in Aphelion. To view the highest groupievel of ObjectSet
functions go to the Main menubar and clickRasress@® ObjectSets .
Click through each entry in the menu to become rfameliar with
the functions available to extract, display, anchgote measurements
for objects.
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4. LIST OF MEASUREMENTS

4.1 Global Measurements

Global measurements are measurements computeceotiraimage.
As such, these measurements are applied to a jixan image or to
the aggregate of all pixels in an ObjectSet. Hsellts are displayed
in the Global measurements grid. This grid has only one row and it
corresponds to an entire image or ObjectSet, aactaomn for each
measurement calculated for that image or ObjectSet.

Note: Pixel intensity values are computed and disjldgsed on the
number of intensity channels in the image: oneevétu gray scale
images and three values for color images (e.g. gegken, blue
channels). For color images, channel results peeifc to the
channel. For example, Pixel Intensity Minimum wiiéplay as Heq
lges loreed, Where keq is the lowest intensity value found in the red
channel and is independent of the blue and greennelfs, and
similarly for Ige and kreen

4.1.1 List of Global Measurements

Statistical Measurements (based on pixel intensitg
Minimum : An image’s lowest pixel intensity value.
Maximum: An image’s highest pixel intensity value.
Mean: Animage’s mean pixel intensity value.

Standard Deviatiort An image’s standard deviation of pixel
intensities.

Skewness An image’s centered moment of order 3 of pixel
intensities.
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Kurtosis: An image’s centered moment of order 4 of pixel
intensities.

Area Measurement

FractionOfSurfaceArea: Aggregate area of the objects in an
ObjectSet divided by the area of the image fromciwhihe
ObjectSet was extracted. This measurement is Boaet
referred to as Specific Area.

4.2 Object Measurements

Object measurements are measurements computeacfoiobject in
an ObjectSet, in contrast to global measuremernithvetne computed
for the whole image (i.e., all pixels). Object m@@ments that can be
computed depend on the object type and on theflisteasurements
enabled by the Administrator (see sectibB.3 Menu Bar-Settings
Meny.

4.2.1 Object types

Aphelion can generate the following object types:
Surface Object Types

Bitmap: An object having irregular shape (e.g., a bggerated
by theObject Extraction Or theDeveloper tasks.

Ellipse andCircle: Object with an elliptic shape.

Polygon Object with a polygonal contour (i.e., comprisad
closed, connected line segments). A polygon cae baregular
shape (e.g., square, parallelogram) or be irregular

Rectangle Object with a rectangular shape and also qealdis
a polygon

Line Object Types:

Line: A single line segment connecting two pixels bs t
extremities of the line segment.
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Chain: A set of two or more line segments (i.e., straiges)
connected end-to-end.

Point: Line of length equal to one pixel.

4.2.2 List of Object Measurements

When computed, the following measurements areayisgl either in

the Interactive Measurements grid Or Objects Measurements grid for all

objects in the active ObjectSet. Please see S8ectio

2.9.5 Measurements Tafek an explanation of this feature.
Statistical Measurements
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NumberOfBlobs: The number of 4-connected components in an
object.

Centroid: The average location of all the pixels in aneob)j
expressed as an x,y coordinate pair (i.e., ceritenass of the
object). For some objects, tentroidcan lie outside the object.

MajorAxis : The angle in radians from the X axis of the majo
axis of inertia. This object attribute provides thain orientation
of the object relative to the X axis. The range¢hef Major Axis
values lies betweep/2 and /2.

Statistical measurements can be computed on alttalypes.

Minimum : An object’s lowest pixel intensity value.
Maximum: An object’s highest pixel intensity value.
Mean: An object’'s mean pixel intensity value.

StandardDeviation: An object's standard deviation of pixel
intensities.

Skewness An object's centered moment of order 3 of pixel
intensities.

Kurtosis: An object’'s centered moment of order 4 of pixel
intensities.

Size and Shape Measurements
These measurements can be applied to any objectxgept points:

PixelCount: Number of pixels comprising an object.

Height: The difference between the uppermost Y coordiot
an object and its lowermost Y coordinate, plus ofieis value is
expressed in calibrated units.

Width: The difference between the rightmost X coordnait
an object and its leftmost X coordinate, plus ofidis value
is expressed in calibrated units.
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Important notes: a.) In Aphelion, clockwise angle values are
positive since the Y axis is pointing down. B.)l Alngular
measurements are expressed in radian units g&g.adians) unless
specified otherwise in the text (90 degrees).

LogOfHeightToWidth : logio(Height/Width).

The following measurements apply only to line otsj€ce., objects of
type Line and objects of type Chain):

Curvature: Mean of the inverse of the curvature radii fbr a
the points on the chain/line of an object, divideg the
object’s PixelCount A curvature radius value equals the
length of the line that connects a point on a bnehain to the
X,Y axes origin (point 0,0). TheCurvature attribute
computes a value using all possible radii for archa

Length: Number of pixels comprising a line object in 4-
connectivity expressed in calibrated units.

Angle: Angle (in radians) between the two first line$he
second point of the chain is the vertex of the @andlhe range
of the Angle values lies betwegnand .
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The following measurements apply only to objectsype line (i.e.,
straight line comprised of a single line segment):

MiddlePoint: Middle pixel of a line object type, defined in
pixels.

Rho: Perpendicular distance between a line objee &yl the
image origin (0,0), expressed in calibrated units.

Theta: Angle formed with the X axis by a line drawnrfrghe
image origin (0,0) perpendicular to a line objegtet Figure
4.2-1), expressed in radians. The range of the Théteevdies
betweenp and .

Figure 4.2-1 Attributes of type Line object (not type Chain).

Thetaz Angle between a line object type and the X axis
(Figure 4.2-), expressed in radians. The range of the Theta2
values lies betweep and .

MinAbscissa Distance between the image origin (0,0) and
the closest extremity of a line object type. Sem ™ in
Figure 4.2-1 This distance is expressed in calibrated units.
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MaxAbscissa Distance between the image origin (0,0) and
the furthest extremity of a line object type. Sdax T in
Figure 4.2-1 This distance is expressed in calibrated units.

For surface (2D) objects:

BRFillRatio: Ratio between thérea of an object and the
Area of its bounding rectangle. The bounding rectargie
the same orientation as the X,Y coordinate systénthe
image.

Perimeter. An estimated value of an object’s perimeter dase
the number of 4-connectivity adjacent pixels altimg object’s
boundary. This measure is expressed in calibratisl

CroftonPerimeter: An estimated value of an object’'s perimeter
based on a more complex analysis than 4-conndgctivihis
analysis results in a more accurate perimeter atirior most
cases. This measure is expressed in calibrates] uni

Help: CroftonPerimetegives a more accurate estimate of an object’s
Euclidean (i.e., true) perimeter and is less seadihanPerimeterto
the object’s orientation.

Compactness An object attribute that is equal to
16 AredPerimetef. It is equal to 1 for a square object oriented
along the X,Y axes and approaches zero for irreguliong and
thin objects.

PerimeterRatio: Ratio between the perimeter of an object and
the perimeter of its bounding rectangle, where |teer is
oriented along the X,Y axes. The perimeter measseel for
this ratio isPerimeteras described above.

NumberOfHoles. Number of holes in an object. A hole is one
or more connected background pixels fully contaimetthin
an object.
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Area: The area of an object, expressed in calibratésd.u

Elongation: The absolute value of the difference between the
inertias of the major and the minor axes, dividgdHe sum of
these inertias. The minor axis is defined as émpgndicular axis

to the major axis. This measure is zero for aleciand
approaches 1 for a long and narrow ellipse.

Circularity :  For a given object, this attribute is equal to
4p.AredCroftonPerimetet It is equal to 1 for a circle and close
to zero for a thin and long object.

Intercepts: Number of transitions from the background to the
object in the 0°, 45°, 90° and 135° directions.

EquivalentDiameter. Gives the diameter of the circle whose
area is equal to the area of the object, expressedlibrated
units.

EquivalentDiameterP: Gives the diameter of a circle whose
perimeter equals the perimeter of the object, esga@ in
calibrated units.

PerimeterVariation: The sum of the direction changes
between boundary pixels, where a 45-degree chamga 1,
a 90-degree change 2, and a 135-degree change 3.

Convexity. This attribute is equal to the area of an object
divided by the area of its convex hull (see followHelp).

Help: A convex hulis the smallest shape that can completely contain
an object such that for any straight line segmenihecting two points

on the convex hull's boundary, the entire line sexgims contained
inside the convex hull.

ConvexMinAngle: The minimum of the angles formed by the
adjacent pairs of line segments that comprise tiiggpnal
boundary of an object, given in radians.
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ConvexArea  Area of the convex hull of an object.
ConvexAreais always greater than or equal Avea This
measure is expressed in calibrated units.

ConvexPerimeter Perimeter of the convex hull of an object
using the Perimeter measure and
expressed in calibrated units.

SymmetryMeanDifference Mean

of the absolute values of the length

difference between the centroid and

two opposite boundary points of an

object (seeFigure 4.2-2. This

shape attribute is given in calibrated

units. WithN equal to the number

of boundary points divided by two,

the measurement’s formula is: Figure 4.2-2

%:\r(i)- r )
With 7 (i) = HC_){H and r'(i) = H&H

and Angl &,&'):p

Note: SymmetryMeanDifference is not computed whenctroid
IS outside the object, as one of the extremity beayndefined.
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Help: The Feret Diameter is an important concept agenanalysis.
It is a line segment that is formed by the ortheg@nojections of an
object’'s boundary pixels onto a line of specifiedjla. Figure 4.2-3
provides a graphical depiction of a Feret Diameter.
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Feret.Elongationl This attribute is the ratio computed as the
Feret diameter that is perpendicular with tReret.Max
diameter divided by thEeret.Maxdiameter.

Feret.Elongation2 This attribute is the ratio computed as the

Feret.Diameters The

set of projection

lengths (i.e., Feret

Diameters) derived

from an object, where

the angle of each

projection is n.qg, with

n ranging from O to 89

and g is eq_ual tq/90. Figure 4.2-3 Feret Diameter for angle
The Feret diameters are
expressed in calibrated units.

FeretMax: Maximum Feret Diameter in an object’s set of
Feret Diameters.

Feret.Max.Theta The angle of the Maximum Feret Diameter
(Feret.May for an object, expressed in radians. The rafhge o
the Feret.Max.Theta values lies betwg#@ and /2.

Feret.Min: Minimum Feret diameter in an object’s set of
Feret.Diameters.

Feret.Min.Theta: The angle of the Minimum Feret Diameter
(Feret.Min for an object, expressed in radians. The range of
the Feret.Min.Theta values lies betwega2 and /2.

Feret.Mean Mean of the Feret Diameters of an object.

Feret. MinMaxRatio: Ratio between the minimum and the
maximum Feret diameters for an object. This retiequal to

1 for a circle, is less than 1 for an elongateckolyjand equals
zero for a straight line.
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Feret.Min diameter divided by the Feret diameter that is
perpendicular with thEeret.Mindiameter.

Feret.PentlandSphericity Equal to 4Area(p.Feret.Max) for
an object. This attribute is similar to @ecularity attribute with
the Feret.Maxreplacing theCroftonPerimeter.

Help: MBR stands forMinimum Bounding Rectanglelt is the
smallest rectangle whose area wholly contains ajecbli.e.,
minimizing the following formula):

Feret.Diameters) © Feret.Diametergtp/2).

The MBR is usually not parallel to the X,Y imagesx

MBR.Height: Length of the smallest side of the Minimum
Bounding Rectangle (sdagure 4.2-3 of an object, expressed
in calibrated units.

MBR.Width : Length of the largest side of the Minimum
Bounding Rectangle (sdagure 4.2-3 of an object, expressed
in calibrated units.

MBR.Polygon: List of an MBR’s corner points as X,y
coordinates.

MBR.Area: Areaof the MBR, expressed in calibrated units.

MBR.Perimeter:  Perimeter of the MBR, expressed in
calibrated units.

MBR.HeightWidthRatio : Ratio between MBR.Height and
MBR.Width.
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MBR.Theta: Angle of the largest side of the MBR (labeled as
MBR.Width in Figure 4.2-34. This angle is expressed in
radians. The range of the MBR.Theta values li¢wd®n p/2
and /2.

MBR.Center: Coordinates of the center of the MBR.

MBR.FillRatio : Ratio between the area of an obje&te@)
and the area of its MBRVIBR.Area.

Figure 4.2-4: Minimum bounding rectanc
measurements

Tip: MBR.FillRatiois an object shape attribute independent of the
object’s orientation. It is not the case of thelaite BRFillRatio. So

It is better to use the attribU#BR.FillRatioinstead oBRFillRatioto
discriminate objects based on their shape.

For Polygon objects

PolygonArea Areaof a polygon, expressed in calibrated
units.
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5. LIST OF FUNCTIONS (Dev and SDK only)

5.1 Images

5.1.1 Arithmetic

Abs computes the absolute value of pixel
values of an image

Add adds two images together

Blend performs an alpha blending combination
of two images

Divide divides two images together

Invert inverts the pixel values of an image

LinearScale maps image values using a linear ramp
function

Maximum returns the pixel-by-pixel maximum of
two images

Minimum returns the pixel-by-pixel minimum of two
images

Multiply multiplies two images together

Subtract subtracts two images
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5.1.2 Color
Utility
ExcessRGB

ExpandRGB

5.1.3 Edge Detection

CannyDericheEdges

EdgesThin

MorphoGradient

PrewittEdges

RidgeValleyEdges

RobertsEdges

SobelEdges

computes a set of excess color images
from RGB images

converts a one band image with a look up
table into an color image (RGB image)

performs a Canny-Deriche edgectilmt
on the input image

performs edge thinning by suppression of
non-maximal magnitude edge values in a
local neighborhood

performs morphological edge detechyp
subtracting the eroded image from the
dilated image

produces edges at every pixel wheze th
gradient magnitude is at least as great as
the magnitudeThreshold

detects ridge & valley edges fagivaen
input image

applies two 2x2 kernels over the input
image: along the NW-SE diagonal &
along the SW-NE diagonal

produces edges at every pixel where the
gradient magnitude is at least as great as
the magnitudeThreshold
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ZeroCrossing

5.1.4 Enhancement
EqualizeHistogram

ShadingCorrection

5.1.5 Filtering

Convolve

BoxFilter

Gaussian

LowStop

Median

Mode

Nagao

computes an edge image based on the

zero-crossings of the non-directional
second derivative of the image intensity
values

equalizes the histogram of argéna

performs the shading correctiénthe
input image based on a flat field image

convolves an image using a user-defined
M*N kernel

performs box filtering on an image using
an arbitrary window size

convolves an image using a Kkernel
generated with a Gaussian shape

performs a fast low-stop filter by
subtracting the results of a fast low-pass
filter from the original image

Performs median filtering using a user-
defined M*N window

Performs mode filtering on an image

performs the edge-enhancement image
smoothing algorithm proposed by Nagao
& Matsuyama
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RankValue

Weymouth

5.1.6 Frequency
FFT

InverseFFT

5.1.7 Geometry
AffineMap

Rotate

Scale

Shear

Translate

5.1.8 Logic
And
BitAnd

provides a median-like filter where an
element can be selected from the sorted
list of pixel values

performs image enhancement proposed by
Weymouth and Overton

performs fast Fourier transform on an
input image

performs fast inverse Fourier transform
an input image

performs an affine transform of the input
image

performs an affine rotation of the input
image about its midpoint

performs an affine scaling of the input
image

performs an affine shear transform of the
input image

performs an affine translation of theuinp
image

performs logical AND of two images

performs a pixel-by-pixel bitwise AND of
an image
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BitDifference

BitNot

BitOr
Difference
Not

Or

Xor

5.1.9 Matching

Correlate

5.1.10 Math

ComplexFacet

Exp

Expl0

ImaginaryPart

Log

finds the bit difference of 2 images

takes the bitwise complement of the pixel
values in an image

performs a bitwise OR of an image
performs logical difference
performs logical NOT of an image
performs logical OR of two images

performs logical exclusive OR of two
images

computes correlation of a template patter
with an input image

copies the selected band of a frequenc
image (real, imaginary, magnitude, or
phase part) into a gray scale image

performs the Exponential function of
every pixels

performs the Base-10 Exponential
function of every pixels

copies the imaginary part of a fremqye
image into a gray scale image

performs the Logarithm function of every
pixels
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Magnitude

Phase

RealPart

Sqr
Sqrt
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performs the Base-10 Logarithm function
of every pixels

copies the magnitude part (band) of a
frequency image into a gray scale image

copies the phase part (band) of a
frequency image into a gray scale image

copies the real part of a complex image
into a gray scale image

computes the Square of every pixels

computes the Square root of every pixels

5.1.11 Measurements

Area

Compare

Correlation

Distance

Euler

Histogram

Intercepts

computes the area of a binary image

compares 2 images & returns the number

of pixels equal in these images

computes the correlation index betw2en
images

computes the distance between 2 points in

an image

computes the Euler number (connectivity
number) of a binary image

computes the intensity histogram of all
pixels in the image

computes the intercepts of a binary @nag
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Moments

ObjectCount

Range

Volume
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computes the first & second order
moments

returns the number of 4-connected rnegio
in the input image

computes the minimum and maximum
values of the image pixels for a given
band

computes the sum of all pixels in an image

5.1.12 Morphology

Basic

ConstrainedThicken

ConstrainedThin

ImgDilate

ImgErode

HitOrMiss

Thicken

Thin

performs a constrained thickgnimich
specified pixels cannot thicken

performs a constrained thinning civhi
specified pixels cannot thin

performs morphological dilation of the
input image

performs morphological erosion of the
input image

performs a hit-or-miss transform on an
input image

performs a thickening by a user-defined
neighborhood configuration on a binary
image

performs thinning by a neighborhood
configuration on a binary image
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Distance
Distance

Enhancement

Contrast

Features
LocalMaxima

LocalMinima

RegionalMaxima

RegionalMinima

UltimateErodedSet

computes for every non-zero pixel of an
image the distance to the nearest zero
pixel. The computed distance is a true
euclidean distance for the first overload,
or a graph distance depending on the
selected graph for the second overload.

performs a morphological contrast on the
input image

computes the binary image containing th
local maximum pixels of a gray scale
image

computes the binary image containing th
local minimum pixels of a gray scale
image

computes the binary image contairireg
regional maximum pixels or the h-maxima
pixels of a gray scale image depending on
the specified overload

computes the binary image contairthng
regional minimum pixels or the h-minima
pixels of a gray scale image depending on
the specified overload

computes the ultimate eroded sisiag
the euclidean or graph distance depending
on the specified overload
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Filtering
AutoMedian

Geodesy
BorderKill

BorderKillAndHoleFill

Dilate

Distance

HoleFill

Reconstruct

Opening/Closing
AreaClose

AreaOpen

performs an automedian filter on theutnp
image

removes all connected components
connected to the image borders

performs both a BorderKill @HoleFill

performs a geodesic dilation using a
specified structuring element

computes for every non-zero pixels the
distance of the shortest path, inside the
given mask, to the nearest pixel whose
value is zero. The computed distance is
an euclidean distance when the first
overload is selected or a graph distance
depending on the specified graph

puts all zero point sets surrounded by-non
zero points to non-zero points

performs a reconstruction of an input
image inside a reference image (mask)

performs a closing based on the surface
area of structures present

performs an opening based on the surface
area of structures present
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Close

DilateReconsClose

ErodeReconsOpen

Open

InfimumClose

SupremumOpen

Segmentation
BlackTophat

CatchmentBasins

performs morphological closing of the
input image

dilates the input image & recqoists the
resulting image

erodes the input image & reconsttine
resulting image

performs morphological opening of the
input image

performs the intersection of closinms
segments in all directions

performs the combination of openings b
segments in all directions

performs a Top Hat over the black
structures (clusters of low intensity pixels)
of the input image using the supplied
structuring element

computes the catchment basins @f th
input image

SeededCatchmentBasins reconstructs the catclrasins of the

SeededWatershed

SplitConvex

input image from seeds

reconstructs the catchment bagim#he
1-pixel width boundaries (watershed) of
the input image from seeds

uses the watershed operator to split
connected blobs into convex blobs
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Watershed

WhiteTophat

Skeleton
ConnectedSkeleton

MinimalSkeleton

OpenSkeleton

ThickenSkeleton

ThinSkeleton

5.1.13 Segmentation

computes the catchment basins with the 1-
pixel width boundaries (watershed) of the
input image

performs a Top Hat over the white
structures (clusters of high intensity
pixels) of the input image using the
supplied structuring element

computes a connected skeletarioiry
image

computes the minimal skeleton diraary
image

computes the opening skeleton ofarybin
image

computes a skeleton by thickening t
input binary or gray scale image

computes a skeleton by thinning thpaiin
binary or gray scale image

AdaptivePercentileThreshold automatically computes couple

of thresholds such as the number of pixels
between the two thresholds-total number
of pixel ratio of the input image is equal to
the defined percentile. The first overload
returns the couple of computed thresholds
while the second overload produces the
output binary image computed by the
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Clusters

EntropyThreshold

HysteresisThreshold

MaximumContrastThreshold

OtsuThreshold

Threshold function using the computed
thresholds

produces a region-label image from a
binary image based on a specified graph

automatically computes the thriesho
using the entropy of the gray-scale
histogram of the input image. The first
overload returns the threshold interval
defined by the computed threshold and the
maximum value of the input image, and
the second overload produces the output
binary image computed by the Threshold
function using the threshold interval

reconstructs the binary imagdyzed by
the Threshold function using the user-
defined hysteresis thresholds from the
binary image produced by the Threshold
function using the user-defined seed
thresholds

automatically computes tbé
thresholds using the maximization of the
contrast of the input image and produces a
N-level image, where N is equal to the
user-defined threshold count plus One.

automatically computes the threshold
using the Otsu’s method (minimization of
the intra-class variance). The first
overload returns the threshold interval
defined by the computed threshold and the
maximum value of the input image, and
the second overload produces the output
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RegionGrow

SeededRegionGrow

Threshold

5.1.14 Utility
Clear

Clip

Copy

CopyBand

ExtractBand

Mask

binary image computed by the Threshold
function using the threshold interval

performs region growing on a gray scale
input image and produces a region-label
image

performs a region growing algoritm a
gray-scale image from a region-label seed
image and produces a region—label image

produces a binary image such as output
pixel values are equal to 1 between the
lower and upper bound, else equal to zero

set all pixels in an image to O

clips the pixel values of an image to a
specified range

copies the input image to a destination
image

Inserts a single band image (gray scale
image) into a multi-band image as its Nth
band

Extracts the Nth band of a multi-band
image to produce a single band image
(gray scale image)

masks an image using another image as
the mask
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SubCopy

5.1.15 Texture

LawsTexture

5.2 ObjectSets

5.2.1 Display

Draw

Erase

ShowGrid
5.2.2 Chains

Generation
EdgelsToChains

copies the portion of the input image
inside the region of interest into an output
image resized to the dimensions of the
area being copied from the input image.
One of the function overloads supports
multiple ROls.

computes the 9 Laws texture images for

given input image. The 9 single-band
images are copied into a multi-band
image.

draws one spatial attribute of an ObjectSet
in the overlay of an image

removes one spatial attribute overlay for
one ObjectSet from image display

opens the grid containing the ObjectSet

groups edgels into chains in amtiter
process
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5.2.3 Edgels

Grouping
EdgelNeighbors

Generation

EdgesToEdgels

5.2.4 Filtering

Filter

5.2.5 Geometry
AffineMap

Rotate

Scale

computes the set of near-by for edgel
in an ObjectSet

converts edge data from an imageatorm
to edgel Objects

removes Objects from an ObjectSet falling
outside the specified range for a numeric
attribute

performs an affine transform of the input
ObjectSet. The affine transform is defined
by a 3x3 matrix. The result is defined as
another spatial attribute of the input
ObjectSet or in another ObjectSet
depending on the selected overload

performs an affine rotation of the input
ObjectSet about its midpoint. The result
is defined as another spatial attribute of
the input ObjectSet or in another
ObjectSet depending on the chosen
overload

performs an affine scaling of the input
ObjectSet. The result is defined as
another spatial attribute of the input
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ObjectSet or in another ObjectSet
depending on the specified overload

Translate performs an affine translation of theuinp
ObjectSet. The result is defined as
another spatial attribute of the input
ObjectSet or in another ObjectSet
depending on the specified overload

5.2.6 Lines

Generation

RegionLineFit fits a straight line for each regiject of
the input ObjectSet. The result is defined
as another spatial attribute of the input
ObjectSet or in another ObjectSet
depending on the specified overload

ChainLineFit fits a straight line for each chainestt of

the input ObjectSet. The result is defined
as another spatial attribute of the input
ObjectSet or in another ObjectSet
depending on the specified overload

5.2.7 Measurements

ChainMeasurements computes the attributes of edmdinc
object in a given ObjectSet (curvature,
length, and angle)

FeretShapeMeasurements computes the Feret awil{utini-
mum and maximum bounding box and all
associated orientations) of each region in
an ObjectSet. The minimum bounding
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box (MBR) and its attributes are computed
by this operator

Histogram computes a 1D histogram for a chosen
measurement
Moments computes the first order moments of a

chosen measurement (mean, standard-
deviation, skewness, and Kurtosis)

Statistics computes the statistics (minimum,
maximum average intensity, etc.) of a
selected attribute for each object in an
ObjetSet

StandardShapeMeasurements computes the shapetasrfor
each object in an ObjectSet

TextureMeasurements computes the texture atésbadefined by
Haralick (Energy, Entropy, Contrast,
Inverse Difference Moment, Correlation)
for each object in an ObjectSet

Note: The number of measurements computed by the unsciibove
depends on the measurements selected in the Se&isig

5.2.8 Polygons

Generation

ConvexHull computes the convex hull spatial attréou

of each region object in an ObjectSet
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5.2.9 Regions

Logic

Overlap computes the set of regions which overlap
for each region in an ObjectSet

Morphology

Close performs a morphological closing on each
region in an ObjectSet

Dilate performs a dilation on each region in an
ObjectSet

Erode performs an erosion on each region in an
ObjectSet

HoleFill fills holes in region attributes, creatiray
new region attribute containing the filled
regions

Open performs a region opening on each region
in an ObjectSet

Generation

AdaptativePercentileThreshold produces a setegions from
the output of Images.Segmentation.
AdaptativePercentileThreshold

Clusters performs connected components on the
input image and converts these
components into region objects

EntropyThreshold produces a set of regions fromatiput
of Images.Segmentation.Entropy-

Threshold
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HysteresisThreshold produces a set of regions tremoutput
of Images.Segmentation.Hysteresis-
Threshold

Labels converts each label of a label image into a
region object

MaximumContrastThreshold produces a set of regfoom the
output of Images.Segmentation.Maximum-

ContrastThreshold
OtsuThreshold produces a set of regions from thpubu
of Images.Segmentation.OtsuThreshold
RegionGrow produces a set of regions from the dutpu

of the Images.Segmentation.RegionGrow
function

SeededRegionGrow  produces a set of regions fronouk@ut
of the Images.Segmentation.Seeded-
RegionGrow function

Threshold produces a set of regions from the output
of the Images.Segmentation.Threshold

function

ZeroCrossing produces a set of regions from thpuut

of the Images.Segmentation.ZeroCrossing

function

5.2.10 Utility

Append combines two ObjectSets by adding the
second set to the first

Copy duplicates an ObjectSet
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merges two ObjectSets into one

performs a raster conversion of a spatial
attribute and writes the result into the

output image. A data attribute is used to
set the gray-scale value inside each object
region in the output image
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6. MACRO SCRIPTING (Dev only)

Aphelion Dev supports four macro languages: BasipSdython,
Visual C#, and Visual Basic. The first two of thesach have
dedicated coding environments as tabbed panelsndaw D. The
latter two share a panel. The tabbed panels enatllag of macros
without leaving the Dev user interface. Coding rieaicros can be
simultaneously open in the three coding panels.

The following table gives the main differences lestw the four
scripting languages. The + sign ratings are arcatioin of the relative
strength a language has with respect to a listeabdiy. The ratings
are based on the collective experiences of the |&phengineering
team.

Table 5.2-1 Main differences between macro languages suppiorieev

Language Capability | BasicScript| Python Ba\s/:zu; IC ”
Debug tools Yes No No
Recording Yes No No
Dialog generation Yés Yes™ Yes™
Interactive execution Yés Yes™ No
Reusability No Yes* Yes™
Application automation No Yes™ Yes™
3 party components No Yé&s Yes™

Dev provides a macro recording feature that enableser to easily
record sequences of functions without coding. Hawnewe recording
feature works only with BasicScript.
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Executing and Debugging a Macro 6.1.1 Application Macros

A full BasicScript execution and debug environmentincluded The application macros listed below are storedh#Macros32-40
within Dev. User controls are provided for exeagimacros, stepping folder. To load an application macro, select thsi€Script tab, right-
through macro instructions, monitoring variableuesl, and more. click and seleatoad from the drop-down menu. Then choose a macro
These facilitate macro debugging and can be usedetie a demo from theMacros32-40 folder.

where the steps of the demo are recorded in a raadrexecuted one

at a time. Table 6.1-1 List of macros available in the<Aphelion Installation

For more information on this topic, open the onlitelp system and Path>Miacros32-40 folder.

type Macrosin theindex tab.

Macro Name Purpose Demonstrated
Creating Dialogs BasicExamples.apm A variety of useful programmjng
BasicScript includes a complete dialog buildingiemment. You examples using BasicScript
can create a dialog and add buttons, type-in goedsjown lists, etc. : : :
This is useful for creating applications, which seet a limited Blood.apm Basic object creation & measurement
number of options to the user, such as threeifijeptions, followed computation
by measurement options. For more information, dperonline Help Ceramic.apm Basic image processing & object

system and typBialog Editorin theindex tab. extraction techniques

6.1 Aphelion Macros Circuit.apm dl\élfc;rghologlcal operators to detect a
The following macros are provided in the standarghelion Color.apm Color processing

distribution. We recommend that you run each maow view the :

results. For an annotated version of Ceramic.a@@®,the section Confocal.apm RGB to HSI conversion

6.1.3. Macro Example (Ceramic.apm) There are three folders DemoDialog.apm Dialog presenting a menu |of

containing macros in the Aphelion distribution: applications demos

Macros 32-40 BasicScript macros available in Aphelion

version 3.2 (Macros folder) and ported in the £Gion, Demol.oop.apm Loops to apply many operators tq all

images in a directory

Examples 32-40 BasicScript macros available in Aphelion

3.2 (Examples folder) and ported in the 4.0 version FeretAccess.apm Accesses the Feret diameters in an
ObjectSet
Macros: BasicScript, Python and C# macros. : :
Fourier.apm Demonstrates  various  frequency

domain filters
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Grille.apm ObiectSet measurements 4nd Table 6.1-2 List of macros available in the<Aphelion Installation
' moerhoIogicaI operators N Path>\Examples32-40 folder.
ImgRegister.apm Registers an input image to| a Macro Name Purpose
reference image . : :
g 3DSlicer Display a 2D slice selected from a pet
ImmunoMarker.apm Uses color information to detetisc of 2D slices that compose a 3D image
Muscle.apm Morphological operators to detect I\rl]ote that this macro can be run d0||1ly .'f
cancerous cells based on their gray- It e 3D Image Processing module (is
scale intensities icensed
Road.apm Computes boundary chains and BrowseDirectory.apm Browses a folder containing ges
demonstrates edgels, chains and lings from BasicScript
RoiProcess.apm Demonstrates  conversion of | an ColorimageAccess.apm |~ Shows how to access pixelsator
ObjectSet of regions to ROIs image from BasicScript.
Sequencelnterface.apm Uses a dialog for acquirsegiaence CompleximageAccess.apin ~ Shows how to access pikela |i
of images complex image from BasicScript.
WCCO.apm Watersheds used to segment a multi- Dialog.apm Displays a dialog box to run gn
phase image application
EdgelmageAccess.apm Shows how to access pixelsip a
Edge image from BasicScript.
6.1.2 Example Macros
ExportToExcel.apm Starts Excel and loads an image

The example macros are stored in gkanples32-40 folder. To load
an example macro, select the BasicScript tab,-cigtk and select
Load from the drop-down menu. ExportToNotepad.apm Starts Notepad and loads tigetta
text into a Notepad text document.

histogram into a worksheet

ExportToWord.apm Starts Word and loads an image |and
some text into a Word document.

FileAccess.apm Demonstrates reading and writing a
file from BasicScript
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GlobalMeasurements.apnj

Computes the default globabe
measurements

HistogramAccess.apm

Accesses a histogram's valoes
BasicScript

ImageAccess.apm

Reads and writes pixel values if
image loaded in memory fron
BasicScript

ImageRefresh.apm

Turns updating of the display &yer
ON as a means for saving proces
time

ImgBoxes.apm

Turns regions into their minimt
bounding boxes and filters them

m

ImgChains.apm

Starts with a gray-scale image
extract chains

and

ImgHistogramChart.apm

Uses chart functions to disphn
image histogram

ImgLines.apm

Starts with a gray-scale image
extract lines

and

1 be
to

ImgRead.apm Loads an image. This macro caf
used as a prefix in another macro
load an image from storage

LineROl.apm Creates processing regions of inte

(ROIs) which are derived from a lin
object set

rest
e

Lines2Regions.apm

Converts line objects into regyian

measurement purposes
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Accesses attribute values from
ObjectSet using BasicScript

ObjectAccess.apm

ProcessDialog.apm
dialog box open so that multiple

image processing operations

RegionMorphology.apm Morphology

ObjectSet of regions

RegionRotate.apm Rotation of an ObjectSet

Regions2Lines.apm Fits lines onto objects of are@Bgt

ShowlmageSequence.apm  Shows how to display angrsegjof

2D images

6.1.3 Macro Example (Ceramic.apm)

This macro example is an annotated version of thacran
Ceramic.apm, one of the application macros digeibwith Aphelion
(available in the<Aphelion Installation Path>\Macros32-40). In this
macro, the goal is to:

Extract all fibers (dark, circular objects)
Measure the surface, elongation and compactnesshffiber
Provide the fiber position in pixel coordinates

The image, Ceramic.tif, was obtained with a scapretectronic
microscope. The pixel values range from 1 to 28%his macro, the
fibers are segmented from the background using rashbid.
Morphological functions are used to clean the imalgecal analysis
is performed to get measurements on each fiberm Ftbe
measurement data, the fibers are filtered.
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This macro also shows how to use BasicScript @temialog boxes.

Note: In this example, the macro code appears in haxitls the
annotations in regular text. For more informataout a specific
BasicScript command, refer to the online Macro Refee Guide,
available from the Help menu in Aphelion.

In BasicScript, all comments made in a macro ntast with a quote.
An alternative is to use the rem command.

* Ceramic.apm *

"* QOriginator: GG *
* Date of creation; 02/17/10 *
"* Date of last modifications: 03/01/10 *

Each subroutine must have a name. In Aphelionpéinee by default
is main, but any other name can be given to a atibeo A subroutine
can call another one, if the other subroutineaseqad in the same file.

The main program is the subroutine named mainbelimn, a macro
should include a subroutine named main.

Sub main

Declarations

The following declarations define two integer vari ables
breaktime and bt1000.
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Dim breaktime As Integer
Dim bt1000 As Integer

The following is the definition of a dialog box $pecify whether all
images are freed after you run the macro. TheesallBO and 48
correspond to the size of the dialog box. Thagtiphelion Dialog

BoX' is the text which appears in the dialog box banne

Begin Dialog YesNoDialog,,180,48,"Aphelion Dialog B ox"
OKButton 132,8,40,14
GroupBox 4,20,108,24,",.GroupBox1

Text 4,8,108,8,"Do you want to free all images?”,
Textl

OptionGroup .OptionGroupl

OptionButton 16,32,32,8,"YES",.OptionButton1

OptionButton 72,32,32,8,"NO",.OptionButton2
End Dialog

The variable namedBox is defined as a dialog box of type
YesNoDialog.

| Dim ABox As YesNoDialog |

When this dialog variable is used in a dialog dafyill appear in
Aphelion as:
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The following is the definition of a dialog box $pecify break time.
The variablesoptionButton1, 2, 3 will contain the value 0 or 1,
depending on the selection. Other numerical vatoegspond to the
size and position of thex and option buttons.

Begin Dialog BreakTimeDialog ,,189,76,"Break Time_
during the execution"
OKButton 144,8,40,14
GroupBox 4,4,132,68,™,.GroupBox1
OptionGroup .OptionGroupl
OptionButton 16,16,108,8,

"No break during the execution",_
.OptionButton1

OptionButton 16,36,116,8,__

"messages displayed during 3 sec.”,_
.OptionButton2

OptionButton 16,56,116,8,

"messages displayed during 5 sec.”,_
.OptionButton3

End Dialog

The variable name@reakbox is defined as a dialog box of type

BreakTimeDialog.

| Dim BreakBox As BreakTimeDialog \
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When this dialog variable is used in a dialog aalyill appear in
Aphelion as:

Following is a definition of a dialog box to spgciwhich filters are
applied on the measurements. All numerical vat@sespond to
positions in pixels and sizes.

Begin Dialog FilterBox,,172,100,"Object Filtering"
OKButton 124,8,40,14
CancelButton 124,28,40,14
Text 16,8,92,20,

"The filtering of the fibers is based on:",_
.Text1,"Arial",9,ebBold

CheckBox 16,36,68,8,"Surface area",.surface

CheckBox 16,52,68,8,"Location",.location

CheckBox 16,68,68,8,"Elongation”,.elongation

CheckBox 16,84,68,8,"Compacity",.compacity
End Dialog

The variable namerBox is defined as a dialog box of typ&erBox.

\ Dim FBox As FilterBox
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When this dialog variable is used in a dialog ¢aikill be displayed
in Aphelion as:

Aphelion supports both 4 and 8 connectivity. Th® tiellowing
variables are used for the labeling operationpezify the number of
neighbors of each pixel.

graph4C = AphNgbGraph("2D 4-connected")
graph8C = AphNgbGraph("2D 8-connected")

After all the declarations, the code begins.

'‘Main program *

First, the dialog box to select the time between operators (break
time) is displayed, using timalog function and th&reakBox variable.
This dialog returns two values, -1 if t& button is pressed, or O if
the CANCEL button is selected. As there is @aNCEL button, the
dialog can only return -1. When tb& button is selected, the variable
BreakBox.OptionGroup1 tells which option has been selected. This
variable can take three values, 0, 1 and 2.
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| response% = Dialog(BreakBox) \

ThesSelect Case command allows you to test a variable, and todbran
to any line depending on the value. This is usifuhandling the
different button selections from a dialog.

Select Case response%
Case -1' OK button
If BreakBox.OptionGroupl = 0 Then breaktime=0
Else
If BreakBox.OptionGroupl=1 Then
breaktime = 3
Else breaktime =5
End If
End If
Case 0 ' Cancel button
MsgBox "Cancel button doesn't exist!"
End Select

All time values in BasicScript are given in milicssds. Thus the
number of seconds specified by the vari@nakBox.OptionGroup1 iS
multiplied by 1000.

\ bt1000 = breaktime * 1000
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Load the image Ceramic.tif from disk and createea mmage in
Aphelion, using thexphimgNew operator. The full path to the image
file has to be specified.

original = AphimgNew()

AphimgRead original,_
"c:\Aphelion 4.0.6\Dev\images\ Ceramic.if"

The Msg.open command will display a string in a pop-up box.eTh
Sleep command creates a pause depending on the timeedafised.
After opening a message window, you must closevwiatow using
Msg.Close.

Msg.Open "Composite material in a ceramics matrix’,
breaktime, False, False

Sleep bt1000
Msg.Close

The following are a number of messages to guideisee. Usually,
the call toAphimgThreshold has three parameters, the two images and
the bounds. If one of the parameters such as thicebbunds has to
be user specified while running the macro, therptirameter should
be replaced byAph4aMissingParameter(). A default value can be
specified by addingiphThreshold (0,100) between the two empty
parentheses. In that case, as one of the threengiara has been
omitted, Aphelion will prompt the user to entersbwalues.

Msg.Open "The gray level histogram of this image_
Includes two modes”, breaktime, False, False

Sleep bt1000
Msg.Close
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Msg.Open "A threshold will segment the two phases",
breaktime, False, False

Sleep bt1000
Msg.Close

Msg.Open "Specify Low as 1 and Highas 117, 0, Fal se
False

Sleep 3000

The following lines show a threshold of the origiimaage into a new
image namedainaryl. This name will appear in the window banner,
and will also allow the user to work later on tinage.

bl = AphimgNew("Binaryl")
AphimgThreshold original,b1, AphThreshold(0,117)
Msg.Close

Msg.Open "Interactive gray level Thresholding",_
breaktime, False, False

Sleep bt1000
Msg.Close

The binary image resulting from the threshold idekithe fibers and
also parts of the background (the darkest pixetEwever, the fibers
are much larger than the background noise, so wouapply a
morphological dilation to the original grayscaleame (with a
structuring element whose size is greater thasideeof the objects in

the background, but smaller than the size of therd) to remove the

darkest pixels.

The following lines perform a gray scale dilatidrsize 3, based on a
square-structuring element. The dilation is perémron the original
image, and the output image is narmedel.
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i1 = AphimgNew("Imagel")

AphimgDilate original,il,AphSElement("Square”,3)

A new threshold is performed to extract the cortheffibers. The two
bounds are set to 0 and 117. The threshold isrpegti on the result
of the previous dilation, and the output image @&nad Binary?2.
Binary2 contains the seed points for the fibers, but rmt the
background noise.

b2 = AphimgNew("Binary2")
AphimgThreshold i1,b2,AphThreshold(0,117)

The following call to AphimgReconstruct performs binary
reconstruction of the first binary image, usingisedetected after the
second threshold. The output result will contdirbbs from the
first threshold image which contain one or moredseiels in the
second threshold image. The binary reconstructidrased on the 4-
connectivity, which means that every pixel in theaby image has
four neighbors, in the 0, 90, 180 and 270 degmeetibn.

b3 = AphimgNew("Binary3")
AphimgReconstruct b1,b2,b3,graph4C

The following call toaphimgFree deletes the first two binary images,
Binaryl andBinary2, which are not needed anymore.

AphimgFree bl
AphimgFree b2

Some of the fibers in the remaining binary imageamnected. The
use of binary segmentation operators based upomematical
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morphology techniques will segment all the fiberBhe following
lines call AphimgClustersSplitConvex, an operator based on the
watershed algorithm.

b4 = AphimgNew("Binary4")
AphimgClustersSplitConvex b3, b4, 10, graph4C

Now AphimgHoleFill is used to fill the holes within blobs (fibers)tire
previous binary image.

| AphimgHoleFill b4, b4, graph8C \

AphimgBorderKill will eliminate the objects intersecting the bordér
the image (partial fibers). Notice that both inpad output images
are identical. This feature is supported by Ammelfor all the
operators which have input and output images okéme class and
the same type. The operator is based on 4-conitgctiv

| AphimgBorderKill b4, b4, graph4C \

The followingAphimgClustersToLabels function takes a binary image as
input, and generates a labeled image. In the ldlielage, each object
has a different gray level value. All the pixefdlee same connected
object have the same value. The labels go fromthe number of
objects. The first object is the first one hit lglscanning the image
from left to right and left to right. The connetly is very important
while performing a labeling.

11 = AphimgNew("Label")

AphimgClustersToLabels b4, |1,
AphNgbGraph("2D 4-connected")

AphimgFree b4
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After a labeling, you can change the image reptesen from the Pixel Count Number of pixels within each objr
pixel space to a symbolic representation. The B¢t named
FIBERS is created after calling the ApheliaphimgLabelsObj function.

Polygon.Extents.Il.X Lower left X coordinates of the polyg

TheFIBERS ObjectSet has a spatial representation of the ridggons, extents
and a few basic attributes (scalar attributes)n ascthe number of Polygon.Extents.I.Y Lower left Y coordinates ofetipdygorn
pixels in each region. One way to examine thia dato use the grid extents
feature available in Aphelion. A grid is similay & spreadsheet, Polygon.Extents.ur.X  |Upper right X coordinates of the poly
where each row corresponds to a label or objedteach column is extents ]

an attribute or measurement. : :
Polygon.Extents.ur.Y  |[Upper right Y coordinates of the polyg

| AphimgLabelsObj I1, AphObjNew("FIBERS") \ extents

Polygon.Numpoints Number of vertices in the convex hul
After creating thesIBERS objects, it is possible to analyze each region, the object
and compute their convex hull from the region repngation. This is Region.Extents.Il.X Lower fe X coordinates of the regi
the best way to compute the convex hull of objefitsn their extents
boundary representation. Region.Extents.Il.Y Lower left Y coordinates of the reg

| AphRegionConvexHullPolygons AphObj("FIBERS") \ extents

Region.Extents.ur.X Upper right X coordinates of the reg
extents

TheFIBERS ObjectSet can be viewed in the grid (scalar atieik) or :
overlaid on top of the image (as a filled regionas the boundary of Region.Extents.ur.Y
each object). The operatapshobjbraw overlays thesIBERS objectset, extents
seen as polygons, on top of the image named drigina

Upper right Y coordinates of the reg

The FBox dialog box lets the user select whickrfitb apply. There
| AphObjDraw original, AphObj("FIBERS"), "POLYGON" \ are four types of filters available: surface, lamat elongation,
compacity.

The ObjectSet contains extensive information alfweitfibers. You
can filter the objects based on their associategsurements, or use
AphObjComputeMeasurements t0 compute more attributes of the fibers.

response% = Dialog(FBox)
Select Case response%
Case —1' OK button
If FBox.surface Then
i1 = AphimgNew("Surface")
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\ AphimgCopy original, i1 \

The following line filters the ObjectSetBERS into a new ObjectSet
named SURFACE. The attribute involved in the filtering is
PIXELCOUNT. The lower and upper bounds are set respectively
1000 and 1400.

AphODbjFilter AphObj("FIBERS"),
AphObjNew("SURFACE"), "PIXELCOUNT",_
1000, 1400

Aphobjbraw Will overlay the resulting ObjectSet on top of tiraginal
image.

AphObjDraw i1, AphObj("SURFACE"), "POLYGON"
End If

The following lines filter based upon the positmfithe objects in the
image. As the lower labels are in the upper pathefimage, it is
sufficient to filter on theNDEX variable. The two bounds are set to 1
and 10. A new ObjectSet namenCATION is created.

If FBox.location Then
i2 = AphimgNew("Location")
AphimgCopy original, i2

AphObjFilter AphObj("FIBERS"), _
AphObjNew("LOCATION"), "TOKEN_INDEX",_
1,10

AphObjDraw 2, AphObj("LOCATION"), "POLYGON"

Msg.Open "Selection of the 10 first fibers",
breaktime, False, False

Sleep 2000
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Msg.Close
End If

The following lines filter based on the elongatadthe objects. The
elongation has to be measured on the regions,@rttienboundaries.
The two bounds of the filter are set to 0 and 00Bew ObjectSet
named ELONGATION is created.

If FBox.elongation Then
i3 = AphimgNew("Elongation")
AphimgCopy original, i3
AphRegionShape AphObj("FIBERS"), "REGION"

AphObjFilter AphObj("FIBERS"),
AphObiNew('ELONGATION'), "ELONGATION, 0, 0.05

AphObjDraw i3, AphObj("ELONGATION"), _
"POLYGON"

Open'Hoars wih eongaiion betneen 0and 0 B,
breaktime, False, False

Sleep 2000
Msg.Close
End If

The following lines filter based on the compacifyttee objects. The
first call to AphObjAttributeRatio generates a new attribute named
which is equal to theerRIMETER divided by thenREA of each object.
The second call defines a new attribateequal toa1 divided by the
PERIMETER, or theAREA divided by the square of tlRERIMETER.
The compacity is defined from this ratio. The tveubds of the filter
are set to 0.045 and 0.06. This filter shows hew attributes can be
defined from already computed ones. For furthéorination on
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creating new attributes from BasicScript seedbjemacro functions.
The final result is displayed on top of the originzage.

If FBox.compacity Then
i4 = AphimgNew("Compacity")
AphimgCopy original, i4
AphRegionShape AphObj("FIBERS"), "REGION"

AphODbjAttributeRatio AphObj("FIBERS"),_
"PIXEL_COUNT", "PERIMETER", "A1"

AphObjAttibuteRatio AphObj('FIBERS'), "AL",_
"PERIMETER", "A2"

AphObjFilter AphObj("FIBERS"), _
AphObjNew("COMPACITY"), "A2", 0.045, 0.06

AphObjDraw i4, AphObj('COMPACITY"), "POLYGON"

MsgOpen'Hoerswhose shapeisdosetbadd €
breaktime, False, False

Sleep 2000
Msg.Close
End If
Case 0" Cancel button
MsgBox "Cancel button doesn't exist!"
End Select

The following dialog box asks whether to deletetladl images and
objects created during this macro. The first chascéo delete all
images, and the value of the .OptionGroupl is thenhe variable
response% is the returned value of the dialog box.

response% = Dialog(ABoX)
If ABox.OptionGroupl = 0 Then
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AphimgFree original
If (i1<>0) Then
AphimgFree il
AphObjFree AphObj("SURFACE")
End If
If (i2<>0) Then
AphimgFree i2
AphObjFree AphObj("LOCATION")
End If
If (iI3<>0) Then
AphimgFree i3
AphObjFree AphObj("ELONGATION")
AphimgFree i3
End If
If (i4<>0) Then
AphimgFree i4
AphObjFree AphObj("COMPACITY")
End If
AphObjFree AphObj("FIBERS")
End If

This is the end of the macro and the subroutine.nfdie call to the
functionEnd Sub ends the subroutine.

| End Sub \
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7. PROGRAMMING EXAMPLES (Dev and SDK only)

Users of Aphelion SDK should review the examplesvigied in the
folder calledexamples in the SDK folder. Aphelion DEV users need
to install the Aphelion SDK if they wish to revidtose examples.

The examples provided as Microsoft Visual Studitutgms show
how to develop an application that uses Aphelitiblsries. The
examples include the following support:

32 and 64 bit architectures
Native and Managed code

Note: We recommend reviewing the example caflett. It is easy to
understand and illustrates some basic image progesSection/.3
describes the managed code version ofébie example.

There are three subfoldersgxamples, one contains the programming
examples as Native code, the second contains thmpdes as
Managed Code, and the third contains temporaiy‘fidej” generated
by the compiler. This latter folder does not exishediately after the
first installation of SDK

7.1 Native Examples

The Native folder Win32) includes two C++ examples, nantedis
andclocks. Visual C++ 2008 or newer is needed to compisditwo
examples. However, the executable versions ofetlidss are
provided for those who do not have the compilesthEB2-bit and 64-
bit versions of the executable files are included.

The Pads example illustrates how to use basic image prowessd
morphology to detect malformed solder pads (iefeats) on a circuit
board. This is done by extracting the small, ¢incpads as objects,
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computing their measurements, and then filteriggads based on
their shape.

The Clocks example demonstrates how to differentiate betva®en
clocks in an image and locate the hands of th&slo@ his example
uses irregular regions of interest, derived fromealge detection
function, to isolate each individual clock, andrthextracts the dark
objects on the clocks corresponding to the clockiba

7.2 .NET Examples

The Managed Code foldefofnet) includes two subfolders, one called
Applications and the other calledelp.Examples. Help.Examples is a C#
project that can call any Aphelion function. Weam@mmend using
this C# project to get the syntax of each Apheliorage and
ObjectSet function. This project is the foundationgenerating the
Aphelion Online Help examples.

The Applications folder includes four subfolders correspondingaor f

distinct applicationscCeramic, Clocks, Pads, and wCCo. For each

application, individual projects Sproj) are provided for both 32-bit
and 64 bit systems. Visual Studio .Net or VisuaE2firess (freeware
product) are required to open and execute thesgcfso .Net

components can also be called in Python, Visual, Gl Visual

Basic projects.

Note: SharpDevelop is a free, open source programnmwugoanment
that can be used to open and manage Aphelion @&tfwo

The ceramic example demonstrates the use of a threshold @mcti
morphological operations, and ObjectSet managetoentract dark,
circular objects from an image. Thecco example uses an image
that contains carbide objects in a cobalt matnxl, ilustrates how to
extract multiple phases from an image. Tibwis and Clocks
applications were explained in the prior section.
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Each example project includes a graphical userfaue for entering
parameters values required for proper execute @i phase of the
project.

7.3 Pads Example (Visual C# code)

Following is a detailed description of the imagegesssing code used
in thePads example.

/I Define the image folder to be able to load the
image in the GUI and process it

String imagePath = Application.ExecutablePath.
ToLower().Replace("pads.exe”, @"..\..\.\Images");

Adcis.Images.|O.Globals.ImageFolders.Add(imagePath) ;

Il Create the input image and read the image file
Pads.tif from the disk. Other image formats are
supported in Aphelion (bmp, jpg, etc.). The image
is automatically loaded when starting the
application

m_imagelnput = new Adcis.Images.Image();
m_imagelnput.Read("Pads.tif");

/I Keep the default resolution as pixels. If a
resolution is already defined for the image, then
there is no need to include the line below

m_imagelnput.Resolution = null;
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// Display the input image in the image window
that has been defined in the form

m_imageView.Data.Add(m_imagelnput);

/I Write some text in the text box located at the
bottom of the GUI to guide the user

richTextBoxComment. Text = "Click on Detect, Pads
to process the image";

richTextBoxComment.Refresh();

/I User has selected the Execute entry in the menu

private void padsToolStripMenultem_Click(object
sender, EventArgs e)

{
[

/I Top Hat transform to detect the pads even
on a non uniform background. The input image
is m_imageinput, the output image is called
imageTophat and the structuring element
involved in the process is a square of size
15.

/I Create a new image
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Adcis.Images.Image imageTophat =
new Adcis.Images.Image();

Adcis.Images.Morphology.Segmentation.Functions
WhiteTophat(m_imagelnput, imageTophat,
PredefinedStructuringElementEnum.pseSquare,
15);

/I Threshold the result of the tophat
transform between 101 and 232

Adcis.Images.Image imageThreshold = new
Adcis.Images.Image();

Adcis.Images.Segmentation.Functions. Threshold(
imageTophat, imageThreshold,
new Adcis.Math.IntervalD(101, 232));

/I To remove small artifacts in the image,
perform an opening followed by a
reconstruction

Adcis.Images.Morphology.OpeningClosing.Functio
ns.ErodeReconsOpen(imageThreshold,
imageThreshold, new Adcis.Geometry.
StructuringElement(Adcis.Geometry.
PredefinedStructuringElementEnum.pseSquare,
7), PredefinedNgbGraphEnum.pngSquare8);

/I Convert the binary image into an Aphelion
ObjectSet

Adcis.ObjectSets.ObjectSet osPads =
new Adcis.ObjectSets.ObjectSet();
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Adcis.ObjectSets.Regions.Segmentation.
Functions.Clusters(imageThreshold, osPads,
PredefinedNgbGraphEnum.pngSquare4);

/I Display the detected pads as an ObjectSet
in the image overlay

m_imageView.Data.Add(osPads.Attributes['REGION
"D;

/I Compute the maximum Feret diameter (using
directions every PI/180) to detect irregular
and faulty pads

Adcis.ObjectSets.Measurements.Functions.FeretS
hapeMeasurements(osPads.Attributes["REGION"],
new FeretShapeMeasurementEnum[]

{ FeretShapeMeasurementEnum.fsmFeretMax },
Math.P!1 / 180);

/I Extract irregular pads defined as pads with
a maximal Feret >=14.5

Adcis.ObjectSets.ObjectSet oslrregular =
new Adcis.ObjectSets.ObjectSet();

Adcis.ObjectSets.Filtering.Functions.Filter(
osPads, oslrregular,
osPads.Attributes["REGION.Feret.Max"], 14.5,
1000);

/I Change the fill style and color to display
the irregular pads
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(oslrregular.Attributes['REGION"] as
Adcis.Drawing.|Drawable).StandardProperties.
FillStyle = Adcis.Drawing.FillStyleEnum.fsSolid;

(oslrregular.Attributes['REGION"] as
Adcis.Drawing.|Drawable).StandardProperties.
LineColor = Color.Green;

(oslrregular.Attributes['REGION"] as
Adcis.Drawing.|Drawable).StandardProperties.Fi
lIColor = Color.Green;

/I Display the irregular pads in the image
overlay

m_imageView.Data.Add(oslrregular.Attributes['R
EGION"));

richTextBoxComment.Text = "Irregular pads are
colored in green";

richTextBoxComment.Refresh();
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8. OPTIONAL EXTENSION MODULES (Dev only)

Aphelion Extension Modules are optional prograna #xtend the
capabilities of the Dev product. These moduledud® both
standalone programs and programs that integratadesssy with Dev.
Following are brief descriptions of the thirteentiopal modules
available when the Dev product was released. Chiaciveb site for
the availability of these and new modules addedthi future
(www.adcis.net or www.Amerineximaging.cgm

8.1 3D Image Processing and 3D Image Visualization
Toolkits

Aphelion Dev provides a rich array of functions i images. But,
Dev's capabilities are easily extended to incluBeirBages through
use of Aphelion's optional 3D Image Processing neodAbout 60%
of the functions in Aphelion's libraries are avalgafor the 3D space.
With the module, 3D data (X, Y, Z) can be processeu
measurements can be computed. For example, fusctooh as
filtering, labeling, and watershed are availabletie module and
accessible through Dev's GUI. To work on a 3D epqgst enter its
name in the selected functiomigut Image dialog box.

The 3D Image Display module is also an add-on pragor Dev. It
provides tools to display 3D images, both befor after a function
is executed. 3D images can be displayed in vanmdes (e.g., 2D
sections, iso-surface, and composite). LUT andsparency controls
are also available.

An AVICreator submodule can record the motion 8Daobject, and
generate an AVI file to be used in a presentatio onultimedia
document.
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8.2 Classification Toolkit

This new module replaces the Recognition Toolkitlohe available
for Aphelion 3.2. lIts release is planned for 2011.

8.3 Color Toolkit

This module includes a set of functions to congelbr images from
one color space to a different color space. Cghaces supported
include RGB, HIS (Hue, Saturation and IntensityjBL. YIQ, YUV,
and more. Color segmentation functions such asmegrowing,
morphological partionning, color cube, and colohesp are also
included in this module.

8.4 Hardware interfaces

Optional software drivers are available to intezfa&phelion to

acquisition systems. These provide the capabdityontrol an image
acquisition device from within the Aphelion GUIl.idé¢o images can
be captured within the Aphelion environment if #uguisition device
is supported in Aphelion Dev. Contact an Apheliepresentative to
find out if a specific acquisition device is conapii with an Aphelion
device interface.

8.5 Image Registration

This module was originally developed to registémet images of
different modalities, such as color and infraredages. This
registration process has been adapted to worktigégcwith any
image domain. The process is based on an algocdéfied the Price
method. It takes two images as input and geneifadgsregistration
matrix.
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8.6 Kriging Toolkit (only available in version 3.2)

This module aids in the removal of acquisition adrsan image. The
module uses filtering techniques based on Krigingalysis and
Geostatistics. The underlying technique is basethe computation
of an experimental variogram, and the approximatahn this
experimental variogram using a linear combinatibfuoctions. The
module performs computation of the variogram as@jiproximation
by functions, then utilizes user interaction to ¢chah model on the
real data, and generates a filtered image. Chaclveb site for the
future availability of this module for Aphelion 4.

8.7 Neural Network Toolkit

The Aphelion Neural Network Toolkit enhances ApbelDev with
an optional tool to automatically classify objeaténterest based on a
supervised classification. Objects are assignedttgories or classes
based on a Neural Network algorithm. Probabilitg anformation
based classifiers can be generated automatia@ging the user from
the necessity of specifying complex rules for objecognition and
classification.

8.8 Projection Toolkit

The MultiFocus module of Aphelion 3.2 will be reqda by this new
module, planned for release in 2011.

8.9 Stage Controller interface

The Stage Controller Interface provides convenieattrol of
precision, optical microscope systems. For examapth this module
users can fully control the motion of a microsceggage in the X, Y,
and Z directions.
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8.10 Stereology Module

The Stereology Toolkit implements long-standing, cepted

stereology techniques that utilize a test grid lawéion a slide image
to characterize its microscopic structures. Thigluke's techniques
can be easily applied to virtual slides acquirethgusa High

Throughput Imaging System such as the Aperio Sap&scanning

system.  With this module, accurate estimates amarker

parameters can be computed, including volume @ractiind length
density.

8.11 Virtual Image Capture

Virtual Image Capture is a stand-alone module ttoraatically
generate a set of images by scanning a sample asingptical
microscope equipped with a precision motorizedestand a digital
camera or a scanning electron microscope*. Thiduteacontrols the
stage and the camera, as well as the beam, theficagmn, and
other parameters that need to be set for a scansimciron
microscope. The main control parameters are: Iscal®e, image size,
overlap size, and scanning area definition. Theges captured by
Virtual Image Capture are saved together as agr@ong with all
scanning information, stage positions, and pixa & real units.

* Contact your Aphelion representative to verifgtta specific stage
controller and/or scanning electron microscopepsrted by this
module

8.12 Virtual Image Stitcher

Virtual Image Stitcher is a stand-alone module usekconstruct a
larger image from a set of smaller overlapping iesagBy combining
several smaller images, Virtual Image Stitcher dsuih seamless
composite image that can be larger than the alaifabmory space
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of the computer. This new composite image can ltieeexported as a
whole image (depending on the memory space ofdimguter) or as
tiles. Virtual Image Stitcher includes a powednd intuitive viewer
that enables the user to browse virtually anyisizge.

For microscopy applications, Virtual Image Stitcheds in the
reconstruction of a complete image from a set dinsages of a
sample observed with a microscope. Virtual Imatifeler enables
accomplishment of this process without the micrpschaving an
expensive, automatic stage.

The stitching position of each individual imagesawved in the project
generated by Virtual Image Capture.

8.13 VisionTutor

The VisionTutor computer vision course is a combhitieeoretical
and laboratory package intended as an introduciouyse in image
processing and image understanding. The fornthaeatourse makes
it possible for colleges, universities, researchslaand in-house
trainers to present computer vision topics in amaathat will prepare
students and end-users to both understand and tygpligorithms
and techniques of this dynamic field. VisionTutan also be used as
a self-paced course for an individual. The formgthis course
consists of online, computer-based text, graphics]l Aphelion
scripts. VisionTutor is a stand-alone program.
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9. .NET COMPONENTS (Dev and SDK only)

Aphelion .Net Components

The Aphelion Dev and SDK products both includergdaset of .Net
components called Aphelion Imaging Toolkits (TKsEach TK
contains a set of related functions and the TKiecilely contain all
Aphelion image processing functions Additional comgnts are
available to display images and ObjectSets befand after
processing, and to interact with those objectdhé Graphical User
Interface.

The Imaging Toolkits include all image and Objet{8ecessing
functions. There is an Aphelion .Net componenefrh group of
Aphelion functions, such aitering, Morphology, andEdgeDetection.

Other .Net components include the display of imagek
ObjectSets, interactive drawing in images, andabloj@nagement.

A complete list of the groups can be found in #eoad-level
dropdown menu for therocess entry on Dev's Main Menu bar.

Note: The Aphelion 4 online documentation includesdetailed
description of each property and method of the ddetponents.
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10. MAIN DIFFERENCES BETWEEN APHELION
DEVELOPER 3.2 AND APHELION DEV 4

The main differences between Aphelion 4 and itsdgwessor,
Aphelion 3.2, are an all new graphical user int&faand a new
architecture based on the Microsoft .Net Framewaditke use of .Net
components results in a more open and flexible ymtpdbenefiting
from the new programming concepts. Note that ghhelion

functions have been totally rewritten in Visual tNAphelion 4 is not
just a simple port of the 32-bit libraries int®4-bit environment.

The all new GUI was totally redesigned to offereavitook and feel
and a more structured operation paradigm baseds#s.t The left
banner holds all the tasks, frommage Acquisiton till Report
Generation .

Following the trend of “everything digital,” Aphel Dev now
includes two types of drivers, FireWire, and Di&fetw. Aphelion 4
does not support frame grabber products. GigE ic@mean be
interfaced to Aphelion 4 using the WDM/DirectShoxver provided
that the camera manufacturer included that capainlthe camera.

Since Aphelion 3.2 only supported 32-bit architessgu it could not
process images larger than about 300MB. Apheliem &d SDK
support both 32-bit and 64-bit architectures. Wik 64-bit version,
Aphelion 4 imposes virtually no limit on the siZeimages that it can
process.

Aphelion 3.2 only supported one macro languageicBaspt. While
Aphelion 4 continues support for BasicScript, itpgorts three
additional macro languages: Python, Visual C# amslial Basic.
BasicScript macro recording is still provided, ibe three new
languages do not support macro recording.
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Note: BasicScript is only available in the 32-bit versiof Aphelion
Dev.

Following is a brief description of new features.

10.1 Tasks

Aphelion Lab and Dev structure image processingaaadysis work
in terms of tasks. Each task corresponds to areshsubset of the
work steps necessary in performing image analykigb and Dev
share the same tasks, but Dev adds an additi@kalDaveloper, that
greatly expands the number and capability of thegemprocessing
and analysis functions and adds tools for devetpmlaployable
applications. We recommend that new users and o$é&ab follow

the sequence of tasks as laid out in Aphelion's. GWith the Dev
product, the complexity and goals of the image yamlproject will

dictate if and when the expanded capabilities ®@btveloper task are
needed.

10.2 Administrator rights

Aphelion 4 provides two password protected useresodne for
administrator users who have full control of alteyn configuration
settings, and the other for non-administrator usdrs can change
only those settings enabled for that purpose bgdaninistrator user.
The non-administrator user typically captures insagging a system
configured by an administrator and processes thages using
preconfigured software procedures. All systembcation settings,
camera selection, and other advanced parametertypacally not

made available in the user mode.
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10.3 Acquisition Task

In Aphelion 3, the image acquisition functions wspeead out in the
menus. In Aphelion 4, all image acquisition funeti@re together in a
single task. calibration tools and associated resolution profiles for
imaging devices are now easily accessed in the GUI.

10.4 Object Extraction Task

Many images can be easily segmented (e.g., usihgeshold). For
such images, thebject Extraction task will usually be sufficient.
However, for more complex images the added capabilncluded in
Aphelion Dev'sDeveloper task may be necessary. Note that an
ObjectSet created with tl@bject Extraction task can be input for an
ObjectSet function in theeveloper task.

10.5 Object Editing Task

This task enables a user to alter an ObjectSetagedeby either the
Object Extraction task orDeveloper task.. Alteration of an ObjectSet
includes using the mouse to draw new objects orifgn@xisting
objects, as well as delete objects.

10.6 Measurement Task

The number of Object measurements has been dratiyaiticreased
in Aphelion 4. There are now more than 50 measem&ravailable
to the user. The set ofiteractive Measurement Tools available in
version 3.2 has also been enriched in version 4 mvéiny, new tools
such as angle measurement and caliper.
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10.7 Report Generation Task

This task provides a new capability that was natlable in Aphelion
3.2. It generates analysis reports that use sosbér Excel template.
The content and format of the report can be cordjly the user.
This task also includes functions to copy imagesQ@injectSets to the
Windows clipboard.

10.8 Developer Task

10.8.1 Function Selection

In Aphelion 3.2, all functions were selected in dperator Dialog Box
by clicking on a unique icon. Aphelion 4 makes faihctions
accessible from therocess menu on the Main Menu bar. Version
3.2's small icons containing images no longer exX¥ith version 4,
an image displayed in thasualization window becomes an input for a
function. Most of the functions available in versi3.2 are still
available in version 4. While a few uncommon fiord have not
been ported to version 4, many new functions haaen badded.
BasicScript functions available in version 3 thagrevspecific for
control of the user interface no longer exist sitiee version 4 GUI
has been totally redesigned.

10.8.2 Macro Languages

As mentioned in many places in this User Guide,r fowacro
languages are now supported: BasicScript, PythasyaV/ C#, and
Visual Basic. Thus Aphelion users of the previgession can still
develop and use BasicScript macros, with the dondibey use the
32-bit version of Aphelion Dev. However, new usetay opt for a
more modern macro language.
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10.9 Aphelion 4 User Interface

The MDI (Multiple Document Interface) available iAphelion
version 3 has been replaced by a fixed (i.e., foatihg) window
(Visualization window) in which one or four images can be dispthy
However, while all other Aphelion 4 windows havelefault, fixed
location in the GUI, any of them can be easily thdaas the user
chooses, and just as easily re-fixed in the GUhgusimple mouse
clicks. Floating windows can be dragged to any tlonain the
Windows interface. All windows can be easily redim the standard
way for Windows applications.

10.10 Image and ObjectSet Gallery

Two new features available in Aphelion 4 arelilege Gallery and the
ObjectSet Gallery. All open images and ObjectSets, whether loaded
from disk or created in the GUI, are displayedhasribnails in their
respective gallery. Thumbnails in the gallerias loa displayed in the
Visualization window by clicking on them (double-clicks for
ObjectSets).

10.11 Aphelion 3.2 Features not in Aphelion 4

The Fuzzy Logic Toolkit is not available in versidnof Aphelion.
However, it will be included in the Classificatidoolkit that is under
development as Aphelion 4 is being released.

Although the concept ofDisplay Contextis still available in Dev, it
IS not accessible from a contextual menu attaahad tmage window
as in Aphelion 3.2. ThenageToScreenMap, RangeEstimator, andPalette
properties and methods have to be used in Aphlidhey are found
in the Images namespace.
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APPENDIX I:  TROUBLESHOOTING

l.i.  Troubleshooting for the dongle

Verify that the dongle is actually connected to®Bport. If it is
not, then go back to Step 4 of sectidd.4 Installing the USB
Dongle of this guide. If it is connected, then unplugwi@ait 10
seconds, and then reconnect the dongle. If thard/iund New
Hardware opens, go back to Step 5 of sectibd.4 Installing the
USB Dongleof this guide. Otherwise, perform the following
steps:

a. Right-click on the icomy Computer (for XP) orComputer (for
Vista and 7) on your desktop or on thert menu.

b. SelectProperties from the drop-down menu.

c. For XP, select th&ardware tab, then th®evice Manager
button. For Vista and 7, selemvice Manager task (in upper
left of the window).

d. A window opens showing a list of all devices cortaddo
your computer. Double click on thuiversal Serial Bus
controllers SO that all connected USB devices are displayed.

e. If a version of thecBUSB device other than 2.0 appears, it
should be uninstalled. Do this by right-clicking the
incorrect version and selecting the optiofnstall on the
menu that appears. Then install the CBUSB 2.0 mers

f. After the uninstall is completed, remove the dorighen the
USB port.

g. Wait ten seconds, then re-connect the dongle ttJ8® port.

h. After theFound New Hardware wizard opens, continue at step 5
of the sectior2.4.4 Installing the USB Dongt# this guide.
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I. If the installation fails again, send an emaillte Aphelion
Support team.

l.ii.  Troubleshooting for the camera interface

Liii.  Checking the installation of the driver

To check that the CMU 1394 Digital Camera Deviceelrwas
installed properly, please follow the instructidredow.

1. Check that the FireWire cable is properly connetteoboth
the camera and the computer.

Open the Windows Device Manager.

Open thamaging devices item and select themu 1394 Digital
Camera Device driver you installed.

Note: If this driver is not listed, confirm that therputer was

rebooted as described above. If the computer alasoted and the
driver does not appear in theaging devices list, then please attempt
the driver installation again or contact your losgktems support
technician.

4. Right click thecMuU 1394 Digital Camera Device driver to access
its contextual menu, click throperties item, and then click
the Driver tab.

5. Check the version of the driver. It should be \®1%.4.5.133
or higher. If the version of the driver is notexrsion cited
above, please contact the Aphelion Support Teaeninil
(see sectio.3 Product Support
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Liii.  Checking camera operation

The stand-alone programB94CameraDemo.exe can be used to
check camera operation. This program is locatedtha
installation folder whose default path is:

C:\Program Files\ADCIS AANAphelion4.x.y\Dev\Drivers\IEEE1934\.

Use this program now to check that the camera @ndrivers are
properly installed.

After the 1394 Camera Demo interface is open, clickamera on the
Menu bar. Then clickCheck Link to see if the camera is
recognized. If it is not recognized, then pleaseeart any of the
following conditions that are not met.

1. Confirm that the camera is properly connected ¢ocibmputer
with a FireWire cable.

2. Confirm that the drivecMuU 1394 Digital Camera Device IS
properly installed by checking its properties ie iWindows
Device Manager interface.

3. Confirm that the camera is compatible with the [li2€2sion
1.30 or version 1.31 specifications.

If these three conditions are all met and the canssill isn't
recognized by the 394 Camera Demo, or if you are unable to
correct any of these conditions, then please corahelion
Technical Support via email (see secti®r3 Product Support
describing the problem you are experiencing ay fadl possible,
including which of the conditions are or are naniganet.
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APPENDIX II: DIFFERENCES IN BASICSCRIPT
MACROS BETWEEN APHELION 3.X AND APHELION
4 (DEV ONLY)

Most of the Aphelion 3.2 features for developingra, such as:
Execute code step by step
Watch a variable
Set a break point

are still available in Aphelion 4.

The text below gives the major differences betwertwo Aphelion
versions with respect to programming in BasicScript

Il.i.  ObjectSet Attributes

In version 3.2 of Aphelion, some attribute names &a “ " such as
PIXEL_COUNT. The underscore character has been removedsioner
4. Although an attribute name with an underscenelid in version
4, we recommend not using the underscore in newasiagou
develop in version 4 as these names will disappefature versions
of Aphelion .

Note: In Aphelion 4, ObjectSet names are case seasitiv

Il.ii.  Value Output

The functionAphinfowrite outputs a value to the tabbeaput window
in window B.

Dim volume() As Double

AphimgVolume im, volume
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| AphinfoWrite "volume: " & volume(0) |

Il. iii.  List of non supported functions in Aphelio n4
All functions that interact with the image overlag the overlay
management has changed in version 4.

All functions that interact with charts as tH&@arty chart component
Is different in version 4.

Il. iv. Change of Syntax

The syntax ofAphimgView has changed. In version 3.2, this function
returned a value. This is no longer the case sice#. The new
function syntax is:  AphimgView Aphlimg(“My Image”)

Tip: There are new functions available in Apheliorfedy., Otsu
Threshold). Since these functions did not existarsion 3.2, there
associated BasicScript functions were also not hiat tversion.
However, in Aphelion 4, all of these new functi@as still be called
in BasicScript using the syntax:

Aph4<name of the Function> (e.g., Aph4OtsuThreshold)
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APPENDIX lIl: CORRESPONDENCE BETWEEN
APHELION 3.X AND 4 OPERATORS (Dev only)

Aphelion functions now have namespaces.

In version 3.2 of Aphelion, a function had the daling syntax in
BasicScript:

AphimgFunction Or AphObjFunction.
The prefixaph is no longer present in version 4. Instead, théasyis:
Adcis.Images.Group.SubGroup.Function
Adcis.ObjectSets.Group.SubGroup.Function
For example, the erosion on both images and OlgeciSdefined as:
Adcis.Images.Morphology.Basic.Erode

Adcis.ObjectSets.Regions.Morphology.Erode

Refer to sectiorb. List of functions (Dev and SDK onlgj this
document to get the group and subgroup of eachliépHanction.

Note: BasicScript functions starting with the prefix ®p are
functions that are new in version 4 and did nostexi version 3.2,
(e.g., Aph4imgClip, Aph40bjOtsuThreshold, Aph4MiggParameter).
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APPENDIX IV: KERNEL AND STRUCTURING
ELEMENT EDITOR (Dev only)

Kernel Editor - The Kernel Editor window is a graphic tool for easily
specifying a kernel to be used by the convolutioncfion. First,
specify the name of the kernel in the

Name dialog box. Next, in th&ize

boxes, specify the kernel's

dimensions, and then enter kernel

values from the keyboard. Use the

Tab key/Ctr+Tab key to move

forward/backward through the

parameter values. Double-clicking

on a matrix cell will define this cell

as the kernel origin. When done,

click on theok button. By default,

the name of the Kernel isustom

Kernel. Clicking deletes the
kernel.
Structuring Element Editor - The

Structuring Element Editor window is a
graphic tool for easily specifying a
structuring element to be used by a
basic morphology function (e.g.,
erosion, dilation). First, specify the
name of the structuring element in
the Name dialog box. Next, specify
the X and Y sizes, and then enter
structuring  values left-clicking
inside each individual cell (cell
values can be X for set and blank
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for not set). Double-clicking on one cell will dadi this cell as the

Structuring Element origin. When done, click on the button. By

default, the name of the Structuring Elementustom SE. Clicking
deletes the Structuring Element.

Tip: Select the overload that does not use predefifextiels or
Structuring Elements to be able to define a custoennel or
Structuring Element.
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APPENDIX V: APHELION DVD ARCHITECTURE

The Aphelion DVD root directory contains four foldeone each for
the Aphelion software products called Dev, Lab, &RK, and an
additionalmMuliimedia Demos folder. Each product folder has subfolders
containing the installation program and documenntdiles. The Dev
product has separate installation programs for i32bd 64-bit
architectures. A different installation code iguked to install each
product.

For each product installed, the subfolders presette disk are:

FILE
TYPE DESCRIPTION DEV | LAB | SDK
Bin DLLs & Dev executables

Drivers FireWire & WMD drivers

Examples | Programming examples

Examples | Vers 3.2 examples ported to ver
32-40 4.0

n

Help Online documentation

Sample images for tutorials,
Images testing, and developing macros
and applications

Include files for Native C++

Include .
programming
. Libraries for 32-bit and 64-bit
Lib .
architectures
Macros Macro examples
Macros Vers 3.2 macros ported to vers
32-40 4.0
Resdistri- | Microsoft products required to
bution install and run Aphelion software
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