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1. Introduction

(T

medealAB Count & Classify is an image analysis system for color or grayscale images which
is able to detect, count, measure and classify objects.

Due to its flexibility it is used for a wide range of applications in industry and research.
Our website  ht tp://www.medealab.de will give you an overview of medeal AB applications.

medealLAB Count & Classify works with all kinds of image sources:

Image files in various formats, analogue and digital video sources (video cameras, VCR,
FireWire -, USB - or Ethernet -cameras), still image cameras (remote control of Canon E and
Olympus E ¢ a me)rseaaners (TWAIN interface) or video files.

medealAB Count & Classify may be combined with macroscopic and microscopic optics
(camera mounted on microscope) due to its calibration capabilities (even perspective
transformation). Pr ocessed images may be stored in various formats for documentation
purposes (BMP, TIFF, GIF, PNG, JPG, JPEG2000 etc.).

Configuration of thresholds and search parameters is easily done using interactive and
automatic methods, object detection is performed a utomatically. For each object many
parameters are evaluated: area, form factor (roundness), mean gray/color value and
variance, center of gravity, main axes, convexity, orientation, length of appendices etc.

For image enhancement medealLAB offers many user configurable filter functions like
smoothing, Laplace -, Median -Edge -filters etc.


http://www.medealab.de/
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All measurements may be carried out repeatedly based on a time schedule or external
triggers in order to monitor dynamic changes of e.g. object area (growth rate) or colour
(decay).

Features for teachable classification may be choosen from a wide range of object parameters.
All measured values and classification results are displayed in spreadsheets and may be
exported to Microsoft Excel ~ E automatically.

The integrated database allows easy management of result data and custom report
generation.

Our imaging system also offers many interfaces for input and output:

Recording data from external sensors via AD/DA converters, data exchange with laboratory
management systems (OPC, ODBC, TCP/IP) or integration with PLC systems (Beckhoff E
Automation components  , Siemens Simatic E ).



2. Installation

Minimum system requirements are:
- Personal Computer with Pentium 4 or better CPU
- Main memory: 256 MB
- Free disk space: 200 MB
- Operating system: Microsoft Windows 2000 E , Windows XP E  oWindows Vista E .

2.1. Hardware and driver installation

The steps of hardware installation will depend on your system configuration.

If you use an analog video camera, it will be nec essary to mount a Matrox E framegrabber

board to a PCI (e) slot in your computer. In case of FireWire or USB cameras the standard PC

ports are used and only driver installation may be necessary. For digital still cameras using

standard Windows interfaces no driver installation is necessary.

Pl ease refer to specific fAlnstallation Noteso delivere

In most cases the system will be delivered ready to use and no hardware configuration is
necessary unless the whole system must be reinstalled. Ple ase contact the medealAB
Support Team before you try to reinstall the system on a PC.

Important information regarding all types of cameras:

No matter if the camera is switched on or off, never aim at the sun or other extremely bright objects.
Otherwise blooming or smear may be caused.

Clean the CCD faceplate and / or lens very carefully. Do not clean the CCD or lens with strong or abrasive
detergents. Use dry air, lens tissue or a cotton tipped applicator and ethanol.

2.2. Program installation

Important:
To install the software administrator rights are essential.

To install the medealLAB Software put the installation CD into your drive. The medealAB
setup starts automatically, otherwise start the installation by double clicking on the file

setup.msi intheCD r oot directory. Choose ATypical o setup and
Before you can use the medealAB software, you should also install all necessary drivers (see
2.1).

After installation you may have to restart your computer.

2.3. Registration

When starting m edealLAB f or the first ti me the message @me
appears. You may continue to work without registration for a period of 30 days (button
AContinue wunregisteredo) or register your <copy of me (
ARegi sutem o b
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medeal AB is not registered @
| meldeall

This copy of medealAB is not registered.

Evaluation period expires in 10 days.
Press "Reaqister" if you want to use medealAB after
this period.

Reaqister I Continue unregistered

For online registration you will need a valid email address and access to the internet. Follow
the four steps in the fiRegi ster medealLABO dial og:

Register medeal AB @

1. Wiite down this D number [or copy it to the clipboard):
ID number: Iba1 3069a1b863c8b8210f340f70ffa2e

2. Visit the following address on the web:

http: /Awww. medealab. de/reqister-english

and input your |D number and email address on the web form.

3. You will get an automatic response email with your registration code.

4. Input the registration code from the response email and your email address
here and press "0OK":

Reaistration code: |

Email address [same as in response email): ,

| oK | Cancel I

It is more convenient to use the computer where medealAB is installed for registration via

internet and email, because you may easily copy and paste the ID number, WWW URL and
registration code, but it is also possible to transfer the data to another computer (e.g. stored

in a text file) and the registration information you receive back to the medeal AB c omputer.

Important:
Registration data are only valid for the current Windows installation and the hard disk on which medeal AB is

installed. You may use the same registration code only for reinstalling medealL AB under the same Windows
installation at the same location (drive) as before. Registration information is stored together with all program
settings. Therefore it is strongly recommended to save a backup copy of all program settings (see chapter
AMaintenanceo0) .

2.4. Basic software configuration
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Before wor king with the program you may select paths for storing image files and exported
data (see chapter AMaintenanceo for default |l ocations

the menu command  System / Options
Inthe System Settings di al og edit taned fAfl Dmwatgaeds oOpat hs:

System Settings

|mages; |Z:‘~.F| elease\images J
Data: |Z:‘\F| eleasetdata J
Profilez

Load parameters. .. |B|W|N j Save Delete ak.
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3. Video and image settings

To load an image into medealLAB Count & Classify you may initialize a live video source and
take a snapshot, open an image file from disk, paste an image from the clipboard (menu

option Edit / Paste As New Ima ge) or capture an image via the TWAIN interface (menu
command Fi |l e / A { wtomrae@nnected digital camera or scanner (selected by menu
command File / Selec) Sourceé

3.1. |Initialize live video

First you have to select a video source in the list on the to olbar:

o Il‘v’ideu File ~|

Wideo File

Camera (WDHM)
MIL

DigiCam
Prosilica GigE

Currently the following video sources are supported by medeal AB (besides image files and
TWAIN drivers):
- Videofile :Filein AVI format
- Camera (WDM) : Digital video camera with Microsoft Windows ® compatible WDM
driver (e.g. USB or FireWire camera)
- MIL : Video source accessed through the Matrox Image Library (MIL), e.g. analog or
CameralLink cameras
- Canon Powershot . digital still image cameras (Canon Powershot series)
- Canon EOS : digital still image cameras (Canon EOS Digital SLR series)
- Prosilica Gige : Prosilica Gigabit Ethernet cameras

To initialize the video system choose either Video / Initialize in the menu or click on the
toolbar:

After initialization the live video will be displayed in the camera window. You can switch

between the live mode (  Live = continuously grabbing video frames) and the snapshot mode
(Snapshot = freeze video) in the Video menu.

Toolbar: 4 Continuous image grabbing (live video) i Snapshot (freeze video)
Notes:
Always select the live video mode to focus the image or adjust illumination.

I f you prefer to work using the medealLAB database
the database before you initialize the video source. This way the video view will be displayed
within the main database form.

-10 -
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3.2. Video options

Before work ing with the system for the first time or if you have changed the investigation

object you should adjust the video settings. Choose menu command Video / Options and
click the button Device Options . To view the result of the changes immediately the video

sy stem should be in live mode (continuous grabbing mode).

The options available depend on the imaging device connected to the system. Please refer to

the appendix of this manual for a description of all available adjustment options.

Video Options

File  Cptions

Select Input Source: |MIL ﬂ
Input File:

FileMarme: | C:\iemp'lDebug'l.\-"ideosxDemo.avi|

Device COptions | Capture Options | Start Capture ‘

In the Video Options d  ialog you may also record video sequences to a file (with optional video

compression) using the buttons Capture Options and Start Capture
| f AVideo Filed is selected as an input source you Wwi
Input File

-11 -
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4. Setting  of system parameters

To ensure optimal image processing by the medealAB system you should perform pixel
calibration (4.1.), set the gray / color thresholds for object detection (4.2.) and object feature
filters (4.3.).

4.1. Pixel calibration

1. Freeze video if in live mode (menu: Video / Snapshot , toolbar: i ).
2. Choose Options / Calibration from the menu. The mouse cursor will change to crosshair
shape.

3. Accurately draw a line between two points in the image of known distance (e.g. cell of
known diameter o  r a millimeter scale) while keeping the left mouse button pressed.
4. When you release the mouse button the Calibration  dialog will appear.

Calibration §|

Unitz
& um " mm i~ cm
R atio
Pixel [pm]
|45 = |5

Reference Yolume

793.33333  Width [um]
Fo4 44444 Height [ur]

Chamber Depth [pm]

:

4 Te-00R Wolume [mi]
Conc. = Mumber # 4. 72 Mio/ml

Load | Save |

OF. | Cancel |

5. Use the Calibration  dialog to transform the distance in pixels to a metric unit. Choose the

relevant metric  unit (um, mm, cm). Type the length of the line you have drawn (e.g. 100
um) into the right field bel ow f RBot automatic calculation of concentrations (e.g.
cells/ml) you also have to set the depth of the chamber or the fluid level. Type the depth

e.g. 10 Om) i ntdeptht heoff iteh@ dali bration dialog.

6. Check size and area values of your investigation objects for plausibility (measured by e.g.

Image / Search Object s after all adjustments in this chapter are done). If you get wrong

values pleas e try to repeat all steps of the pixel calibration.

Note:

To achieve good concentration results the field of depth of your optical system (range in

which objects are in focus) should correspond to the chamber depth. If you use a chamber

that is deeper tha n the field of depth of the optics, objects outside that field will not be visible

clearly and therefore may be not counted by the medealLAB system. This would result in
concentration values being to low. You may compensate this effect by entering the field of

-12 -



©

LAB

; IMAGING SYSTEM

depth of the optics rather thandegthh® fcihalimbeof depéehcart
dialog.

4.2. Setting of the gray level or color intensity thresholds

There are two ways to adjust the gray level or color threshold values for object segmentation
in the medealAB system:

- Automatic adjustment

- Manual adjustment using preview
In most cases you will only need the automatic method. It is also a good starting point if you
want to do fine -tuning using the manual method.

4.2.1 Automatic adjustment

1. Make sure th at you have selected live video mode, your investigation objects are in focus
and well illuminated.

2. Take a typical snapshot of your objects from the live video or load an image from file or
TWAIN source.

3. Choose the Options / Thresholds menu command a nd indicate whether the Object
Appearance is Bright (against a dark background), Dark (against a bright background),
Middle (against a dark and bright background) or Dark/Bright (background is in the
middle). The correct setting is important because it is the only clue for the system  which

objects it should search for.

Thresholds [Channel:1] X

Color Thresholds

lower level high level
Red | 2o 4 | ]
Green | 2l 4 = x4
Blue ¢ | Moo B =S

Automnatic | Dffset [20 ¢ | < |

Object Appearance
" Dak  Bright ¢ Middle ¢ Dark/Bright | et |

Default ] Learn Dbiectl Learn Back] Preview I

| oK | Cancel | Expert |

|Ready

4. Click the Automatic  button to set the thresholds automatically (with the parameter Offset
the size of objects is increased after automatic adjustment, because the automatic method
nor mally leaves the objects too small).

5. Click the Preview button to check the binarized image in the camera window. Your
investigation objects should appear black on white background in preview mode :

-13 -
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Preview mode is ended by clicking the Preview button again.
Notes:
If you use a video image source, you may also watch the video images being binarized
continuously : Just click the Pseudo Live button in Preview mode.
The automatic adjustment is done using the pixels in the current ROI (region of interest) a rea
or the whole image if no ROI is set. For more information about regions of interest see
iSel ection of image regionso (chapter 5) bel ow.

4.2.2 Manual adjustment

1. Make sure that you have selected live video mode, your investigation objects are in focus
and well illuminated.

2. Take a typical snapshot of your objects from the live video or load an image from file or
TWAIN source.

3. Choose the Options / Thresholds menu command and indicate whether the Object
Appearance is Bright (against a dark background), Dark (against a bright background),
Middle (against a dark and bright background) or Dark/Bright (background is in the
middle).

4. Click the Preview button to check the binarized image in the camera window. Your
investigation objects should appear black o n white background in preview mode. Clicking the

button Pseudo Live in the preview mode shows the binary image in a live simulation
(available only for video input sources).

5. If necessary, adapt the thresholds by using the 24 buttons for shrinking or
incr easing the object area in preview mode. These buttons work on all three color channels

and change the threshold in steps of 5 units.

6. You may also do fine tuning in steps of 1 unit with the arrow buttons to the left and right

of each color channel.

Exam ple 1:

If Object Apparearance is set to Dark, you can adjust only the lower levels and the high level

sliders are diabled (see left picture below), because only the lower thresholds are used. Set
the lower level to 20 for all channels (Red, Green, Blue).

Result: The system will count all pixels with values greater or equal 0 and less or equal 20 for

all channels as object pixels.

Example 2:

If Object Apparearance is set to Bright, you can adjust only the high levels and the lower
level sliders are diable d (see right picture below), because only the high thresholds are used.
Set the high level to 149 for all channels (Red, Green, Blue).

-14 -
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Result: The system will count all pixels with values greater or equal 149 and less or equal
255 for all channels (maximum value) as object pixels.

Thresholds [Channel:1]

(X] Thresholds [Channel:1]

Color Thresholds Color Thresholds
lower level high level lower level high level
Red <] | »lao 4 | 143 Red <] wlanewE B Eas
Green _iJ_‘ L] 20 _J _] 149 Green _I __] 20 ﬂ _] L] 149
Blue <] | Moo 4] 2149 Blue | 2o o | >4
Automatic | Offset |2IJ s | o | Automatic | Difset |20 PG {- > ]
Object Appearance Object Appearance
¢ Datk  Bright © Middle ¢ Dark/Bright scu " Dak * Bright ¢ Middle ¢ Dark/Bright = eeu
Default | Learn Dbiectl Learn Back | Preview | Default I Leamn Ubiectl Learn Back | Preview |
oK I Cancel l Expert | | oK | Cancel ‘ Expert |
|Ready |Ready

Object Appearance: Dark Object Appearance: Bright

Additional options:

Default : The Default button sets all lowel levels to 80 and all high levels to 240.

Learn Object: If the Learn Object mode is activated -you may adjust the thresholds
automatically by moving the mouse cursor over objects with the left mouse button pressed. It

is important not to touch background pixels during this mode.

Learn Back: If the Learn Back mode is activated -you may adjust the thresholds
automat ically by moving the mouse cursor over the backbround with the left mouse button

pressed. It is important not to touch object pixels during this mode.

Expert : Access to the Threshold Expert Settings dialog, where you may store thresholds to a

text file or load thresholds from a text file.

4.3. Using object features for identification and
discrimination

Object features are describing e.g. area, shape, size and homogenity. They are calculated
continuously during image proces sing. Using filters for these object features, contaminations
may be excluded from the analysis by setting the upper and lower limits appropriately. For

setting choose Options / Form Parameter from the menu:

-15-
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P Area: area of an object calculated on the

base of its contour  in calibrated units.

Object
| l Nu'jeusl Parameter & M':'de'] Formfactor:  Ratio calculated from object

Object Parameter circumference and area, expressing the
Parameter | bin | Action | LER | Action | shape or

[ &rea 100 + R0 N roundness (1.0 means perfect circle),
Formfactor 15 + 5 - without unit. _ _
Length 01 ) 100 . Length: lenght of object (longer main

axis) in calibrated units.

[ widh |01 [~ [ I Width:  width of object (long  er main axis)

O Calar [.ﬂwg.] 00-00-00 - FF-FF-FF in calibrated units.

[ Homagenity 0 ; 1 ; Color (Avg.): Mean color value of all

[ Convesity o - L object pixels.

[ &ppendix 5 - Homogenity:  uniform distribution of
color/gray values inside object (calculated
from variance values), without unit.
Convexity:  ratio of object area and area of

Exclude its min imum convex hull polygon, without

lv Hit Boundary unit.

Appendix:  presence of processes (e.g.

flagellum), unit is sensitivity of detection.
Default Load Save Increase the sensitivity if not all of the
objects having an appendix are detected.

Exclude:

Hit Boundary: If this option is checke  d,
objects are not counted if their contour hits
the border of the image or ROI (region of
interest).

All object feature filters may be separately activated or deactivated using the checkbox in the
column AParametero.

Edit the lower filter limit in the column AMiI no, the upper filter i mit
clicking the left mouse button within the field. Both limits may be separately activated or

deactivated using the checkbox in the AActiond col umn
The AActéc¢lheckboxes are only visible in the current r o
above), in all other rows fAi+0 is disphayednbf.the fildt
So with the settings on the above example screen only objects which meet the followi ng

conditions will be counted:
Area between 100 and 500 square units, formfactor above or equal 1.5, maximum length and
width of 100 units, all other filters are switched off.

If you also want to evaluate the inner structure of objects, you may activate t he following
filters on the 2nd page (ANucl eusodo) of the For mpar amet

-16 -
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Obiec parameters

Object Nucleus I Parameter & Model] Number of Nuclei: Number of nuclei

Object Parameter (distinct regions) inside the object.

™ Number of Nuclei ‘ | Cell/Nuclei Area Ratio: Ratio of cell area

™ Cell/Nuclei Area Ratio | to the area of the nuclei, without unit

[~ Area ; | Area: Area of nucleus in calibrated units.
Formfactor: Roundness of nucleus,

| B | ilE without unit.

M [AVE,"] —firei | Color (Avg.): Mean color value of all

L Homogeohy _Fiter- | nucleus pixels.
Homogenity: Uniform distribution of

color/gray values inside nucleus (calculated
from variance values), witho ut unit.

On the 3rd page of the Formparameter di al og (APar ame
analysis and five different object models are available:

Object parameters

Holess Subtract Ahol esi (b
inclusions) within objects from object ar ea.
Isthmus Points: Identify constrictions and
mark them.

Convex Analysis: Search object contours

for convex segments and mark them.

Concave Analysis: Search object contours
for concave segme nts and mark them.

Split Contour: Split contours into convex

and concave segments thus creating new
objects with results like aperture angle,

endpoint distance, etc

Cluster: Near objects are regarded as one
(cluster object), depending on Maximum
Distance.

Merge Contour: Objects cut apart by

raster cell borders  of raster ROIs  will be
merged if they meet several conditions.

Object Model :

Choose the method for segmentation which

is appropriate  to evaluat e your objects:
Contour:  Simple contour objects. Contour S
are the base for subsequent analysis.

Edge Object:  Objects consist of corners
connected by straight lines

Ellipse: Contours are analyzed and fitted

to ellipsoidal elements. This mode is used

for approximation of  plant leaves.

Skeleton:  Objects are skele tonized, i.e.

-17 -



