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1. Introduction

DIVA3D for Windows is an integrated, powerful anléxible software package for
digital video processing and analysis. It is bagedan extensive library of routines
(EIKONA3D library) related with the suitable manliption of the specifically
designed data structures and the multitude of tipparted 3D processing, analysis
and visualization algorithms. EIKONA3D Library cdre used as a stand-alone
Application Program Interface (API) for the develognt of custom video processing
applications for Windows platforms using the C peogming language. Though, the
whole DIVA3D package provides in addition a suiealftiendly and easy-to-use
Graphical User Interface (GUI) that gives easy ssde all library routines through a
suitable menu structure In addition, it guides ulser to the selection of the suitable
input/output parameters for each routine througiefodly designed dialog boxes and
it displays suitable error/result notification megss. DIVA3D GUI was developed
for the Microsoft Windows environment and, thushais the look and feel of a usual
Windows program. The present document discusseshdhgware requirements of
DIVA3D package, explains the utilized video datgresentation, provides an
overview of DIVA3D library features and, finallyjwgs a brief guide for the usage of
DIVA3D GUI.

2. Hardware requirements

DIVA3D for Windows requires a Pentium class or catiiie processor PC running
Microsoft Windows 95/98/ME/NT/2000/XP/2003 opergtirsystem. However, for
better performance, a minimum machine configurattbra Pentium processor or
compatible with at least 128 Mbytes RAM is highgcommended. Furthermore, in
order to take advantage of the display capabildfeSIVA3D, a color monitor with a
true color SVGA card is recommended.

The minimum system requirements are:

e Entry-level PC, with an Intel Pentium processocampatible.

e Microsoft Windows 95/98/Me/NT/2000/XP/2003

e 64 MB of RAM installed (128 or above recommended)

¢ 20 MB of available hard-disk space

e 24-bit display adapter card or above recommended
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3. Installing and uninstalling DIVA3D

DIVAS3D is distributed as one executable nardec3D_setup.exe
Hint: The way file names are displayed may diffdepending on your computer
settings. File extensions (3-letter suffixes intiog the file type) may be shown or

hidden (e.gdiva3D_setup.exer diva3D_setupas shown in the following figure:

diva3iD_setup.exe diva3il_setup

File names with and without extension

Before you start installation, please be sure tlmatr computer system meets the

requirements for installation. These are mentianeskction 2.

To install DIVA3D complete the following steps:

STEP 1:Run the DIVA3D installer

Double-click on thediva3D_setup.exéle to launch the installation. The following
screen shot will appear:

x
DIVA3D 4.0.0

wielzome to the installer for DNVASD 4.00 .

It iz ztrangly recommended that pou exit all Windows programs
before continuing with thiz inztallation.

[f you have any ather pragrams running, pleaze click Cancel and
cloze thoze programs before restarting thiz installer.

Othenwize, click Mest bo continue.

ﬁ

Cancel |
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To proceed with installation, click on tiNext button.

STEP 2:Read the DIVA3D license agreement

fi: DI¥A3D Setup |

License Agreement

Fleaze read the license agreement below and click Hext to continue,

ALPHA TECLTD.

Dva3D SOFTWARE END USER LICEMSE AGREEMENT

IMPORTANT: THIS SOFT'WARE END USER LICENSE AGREEMEMNT ["ELILA")

15 A LEGAL AGREEMEMNT BETWEEM YOU AMD ALPHA TEC LTD. READ IT
CAREFULLY BEFORE COMPLETIMNG THE INSTALLATION PROCESS AND

LISIMNG THE SOFTwARE. IT PROVIDES & LICEWNSE TO USE THE SOFTWARE
AMD COMTAING WARRANTY INFORMATION AMD LISBILITY DISCLAIMERS.

B IMSTALLING &MD USING THE SOFTWARE, ¥OU ARE COMFIRMING YOUR
ACCEPTANCE OF THE SOFT'WARE AND AGREEIMG TO BECOME BOUMD BY
THE TERMS OF THIS AGREEMENT. IF ¥0OU DO MOT AGREE T0O BE BOUMWD

B THESE TERMS, THEM SELECT THE "CAMCEL" BUTTOM, DO NOT ;I

' || agree to the terms of this license agreement

| do hat agree ta the terms of this license agreement

< Back | MHest | Cancel |

After reading the license agreement, you must @igpiee, in order to continue
installing DIVA3D software.

STEP 3:Enter user information

it DI¥A3D Setup x|
Uzer Information / "_‘_‘n:. e

g
Enter your uzer information and click Next to continue. o, @,
T

M arme:
IJ-:-hn Smith

Campan:
IAI‘IEI

Email:

Iiohnsmith@cnmpan}l.cum

SERIAL MUMBER:
|123455?aq

< Back I Mest = I Cancel |

It is important to input your correct name, compamayne and email information that

you used in your correspondence with Alpha Tec witkn you purchased your
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software. If you give wrong input, the installatiaml be aborted. Remember, if you
circulate DIVA3D in an unauthorized way, your perabdata should circulate as well
and you will be spoofed immediately.

Enter user information and clidkext to continue.

STEP 4: Select the installation folder
x|

Installation Folder

Select an installation folder and click Mest to continue.

The zoftware will be ingtalled in the folder listed below. Ta install to a different folder,
either tupe in a new path, ar click Change to browse for an esisting folder.

Install DIVA3D to:

C:AProgram Files\AlphaTecl TDAWDINVAZD Change... |

Space required on diive:; 29 MB

Space available on selected drive: RBE MB

< Back I MHest = I Cahcel |

DIVA3D has a default installation directory. If yowish to change it, select the

directory in install DIVA3D by clickingChange When you have selected the

directory, clickNext.

STEP 5: Select a shortcut folder
Next, the select shortcut folder window will appear
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i DI¥YA3D Setup x|
i =

Tadiys
h}

Setup will add shortcut icons to the folder indicated belowe. IF you don't want to uze the
default falder, you can either type a new name, or select an exizting folder from the list.

Y

Shortcut Folder f
Select a shortcut folder and click Mest to cantinue.

| -r,r;

Shortcut Folder:
&lpha Tec LTDADIVAID] j

< Back I MHest > I Cancel

If you do not want to use the default folder, yaum @ither type a new name, or select

an existing folder from the list.

STEP 6: Ready to install
x|

Ready to Install j’?ﬁf':w.‘.l'
“ou are now ready b install DIVASD 4.0.0. _ i ‘-”a"'

The inzstaller now has enough infarmation to install DIVASD on vour computer,

The following zettings will be uzed:

Inztall folder: C:\Program Files\AlphaTecL TDADIVAID
Shortcut folder: Alpha Tec LTDADWAZD

Please click Mexst to proceed with the installation.

< Back Cancel |

If you are ready to install clicklext, otherwise clickBack in case you want to make

your changes.

After a successful installation the following wirvdavill appear:
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{5 DIVA3D Setup x|

DIVAS3D Installed Successfully

Setup iz complete and pour zoftware is now installed.
Thank, you for choosing DVAZD 4.0.0.

Flease click Finish to exit thiz installer.

By clicking Finish, DIVA3D is installed and is ready to use.

To uninstall DIVA3D complete the following steps:

1 Go to Start menu > Settings > Control Panel

2 Select Add / Remove Programs

3 Select Diva3D and click Change/Remove

or

go to the shortcut folder of DIVA3D by clicking $taPrograms>Alpha Tec
LTD>Diva3D (this is the default shortcut folder)dadlick Uninstall Diva3D.

3.1 DIVA3D Demo
DIVA3D demo can be downloaded from www.alphatecld. It is installed in the

same way with the full DIVA3D version. It has fdlinctionality, but can process

video streams up to 1000 frames of any size, d2x5L2<15.

4. User's Guide

4.1 Video Data Representation
The representation of a video sequence is achiefiedtively via the use of the

Video Stream Data structure that keeps all therin&tion required to define a video
sequence. Attributes of this data structure are :

video length: Specifies, in number of frames, the length ofvigeo.
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video format: Specifies if the video stream’s video format isLR#& NTSC.

rate: Specifies the number of frames displayed withgeeond during playback.

color format: Specifies the color model used to encode the dgnformation inside
the video stream. Typical color formats are RGB,\CMSI, HSV, HLS).
filename: Name of the video file containing the video seaq@enThis file is

associated with the video stream buffer.

video stream buffer: The handling of digital video data is achievedhwiite use of

the Video Stream Buffer (Volume) data structure.bbith the program’s GUI and

documentation the terms Volume and Video StreanfidBafre used interchangeably.

Members of the Video Stream Buffer (Volume) datacture are:

o

pixel depth(data type): The supported data types for a single video stream
buffer element (voxel) are unsigned char (8 bit pexel), int (32 bits per
voxel), and float (64 bits per voxel). The firstncalso be used for storing
binary data. According to their data type, vide@atns are divided in three
categories: ucval video streams (which containgmesd char data), ival video
streams (which contain integer data) and fval vidgeams(which contain
float data).

color type: This specifies whether one or three channels shoeldsed. One
channel is used for binary or greyscale video str@ad three channels for
color video streams (e.g. RGB, CMY, HSI, HSV, HLS).

dimensions: The dimensions of the three-dimensional array Htates the
video stream buffer data. Supposing that the 32 dapresent a number of
two-dimensional frames, the dimensions are the mundb frames and the
number of rows and columns of each frame.

VOI position: The user can specify a VOI (Volume Of Interestpttis a
subpart of the video stream buffer , in order &triet processing only in that
part.

pointer to 3D data: The pointer(s) to the three-dimensional array(s) i
memory. In the case of use in a Windows 3.* apfibceprogram, additional
pointer to data handles are provided.

user field: An additional string field is provided, which cae used from the
user to store video stream buffer - related infdroma such as name,

description, etc.
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This data structure enables the uniform manipulatb all the supported 3D data
combinations, that is binary/8-bit/integer/floatipgint data in one/three channels. All
library routines can be applied on either the whalieo stream buffer or a user-

specified VOI of the video stream buffer.

4.2 EIKONA3D Library features

The library routines can be divided in several gatees. A brief description for each

category is given below:

Memory Allocation/Deallocation routines : These include routines for allocating
and deallocating memory space for keeping 3D dathralated data structures that
are to be processed. In addition, there are ramtfoe initializing a video stream

buffer structure and for performing video strearffdnintegrity tests.

Input/Output routines: These include routines for reading and writing 3adto
disk. Routines are provided for reading and writBig data as a sequence of 2D
frames in raw, TIFF, Targa, BMP, JPEG, GIF, PBMMP@nd PPM formats, or as
one file in raw format. In the first case, eachrfeais stored in a different file (in the
case of raw format separate files are createddoh €hannel), so that it can also be
opened as a 2D image, whereas the filenames arg@osaeh of a base-name,
sequential numbering and an extension (in the cbsev format a different extension
is required for each channel). In the second ak&ames are stored in one file in a
frame-row-column (z-y-x) sequence. An additionaltnoe is provided for dumping
data in ASCII format, so that they can be previelwgdny ASCII editor.

Basic Operation routines: These include routines for performing several basic
operations on video stream buffer data. These tpesainclude clearing of a VOI
with a user-specified value, copying a VOI of aeadstream buffer to a selected
position in another video stream buffer, extrac@nfjame of a video stream buffer to
a 2D image, loading a 2D image in a video streafifebdrame, converting video
stream buffer between the different data types @erforming arithmetic operations
between video stream buffers, such as logical AGR, XOR operations.
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Filtering routines: These include routines for performing 3D linear awh-linear
filtering operations on a video stream buffer. Ehare routines for histogram
calculation, histogram equalization, moving-averafjiéering, median filtering
(standard median, running median, multistage mediad weighted median are
supported), min/max filtering, filtering with ussepecified 3D L-filters, adaptive
filtering, and generalized filtering with user-sped 3D FIR filters via convolution
or FFT. Finally, there are routines for video stneduffer interpolation and

decimation.

Edge Detection routines:These include routines for 3D edge (surface) detect
Several techniques for edge detection are supparteldding 3D extension of Sobel
masks, 3D Kirsch edge templates, 3D Laplace oper&D range operator, edge

detection through 3D Hough Transform.

Region Segmentation routinesThese include routines for 3D region segmentation.
Several common segmentation techniques are suppevtech include thresholding,
region growing, region splitting, region mergingdaregion split-merging. Also,
region labelling and object counting are supported.

Measurement routines: These include routines for 3D measurements. Suidace
video stream buffer measurements are supportedyedis as calculation of the
bounding box in a video stream buffer and findifghe minimum and maximum

voxel values.

Transform routines: These include routines for performing several tigimss on the
video stream buffer data. The supported transfoares the FFT (Fast Fourier
Transform) and the Inverse FFT, the DCT (Discretesi@e Transform) and the
Inverse DCT. In addition, there are routines forrfgening convolution, for
calculating the auto-correlation of a video stredmiffer, for calculating the
correlation between two video stream buffer, for BDwer Spectrum Estimation
using an extension of the Blackman-Tukey methodi{rmsforming a complex video
stream buffer between real/imaginary and magnipitede representation and,

finally, for transforming a spectrum to 3D image ¥isualization.
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Morphology routines: These include routines for performing 3D morphotad)i
operations on binary objects represented by binaigo stream buffers. There are
routines for performing the basic morphological mpens that is Minkowski
addition and Minkowski subtraction, dilation, emsj opening and closing, using any
user-defined structuring elements. In additionyehare more complex routines for
performing three-dimensional morphological shapecodgosition using one

structuring element or a set of structuring element

Rearrangement routines: These include routines for rearranging the data wifdeo

stream buffer. There are routines for rotating dewi stream buffer around its center
by +/-90 degrees around any axon or, generallyrataany selected point by any
specified angles. Also, there are routines for oning the video stream buffer data

around its center or around specific axons andgslan

Resizing routines: These include routines for resizing a video stredth different
ways. There are routines for uniform zooming andrdation (with the same integer
factor for all dimensions), for 3D interpolationfiimation (Nearest Neighbour or
trilinear) with any factor for each dimension, forlinear frame
interpolation/decimation, and for shape-based pifieame interpolation. Also, there
is a routine for adding zero frames between thstiexj ones, which can be useful for

visualizing contour data.

Visualization routines: A simple video stream buffer visualization wayhs display
of the frames as images, which can easily perforbyedn application program. The
library provides routines for more complicated akzation of a video stream buffer.
There is a routine for producing a frame gallerag®a for simultaneous preview of all
frames of a video stream buffer. Routines are plexvifor sectioning a video stream
buffer with a plane of any orientation and visualigthe section, and for visualizing a
video stream buffer using parallel projection (natmaverage, or maximum
projections are supported) under any user-spedingdies. Also, there are routines for
producing a 3D surface representation of a videmast buffer for surface rendering
and routines for video stream rendering (with tpgams of using or not depth and/or

color information).
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Video Stream input output (streamio) library: Streamio is a library interacting with
the EIKONAZ3D library. In this library the concept the video stream data structure
is defined and it contains high level routines thett like an interface between video
stream buffer, video file and the EIKONAS3D librafynctions. All EIKONA3D

Library functions apply only to the contents ofideo stream buffer. Since loading a
whole video sequence to a video stream buffertiemely memory consuming, these
functions had to be extended to be used to a segoience without having to load
the whole sequence to a video stream buffer. Tioblem is solved with the use of
streamio library: access of the video data insid&r@am is not implemented directly

but indirectly using streamio library routines.

4.3 DIVA3D GUI Description

The various operations of DIVA3D package are orgedhiinto the hierarchical menu
structure of a friendly GUI. For the majority of emations, a similar procedure is
followed: the user selects an operation from th@ungives the input and/or output
video stream and specifies all other possible requparameters. Before proceeding
to the description of each operation, we shall descthe handling of the most

common dialog boxes:

Yideo Streams x|

—Widea [nput
Lizt of Azzociated YWideo Streams

C:ADocuments and 5ettingshnbarba\My D ocuments\Yideoshmovie]. avi
L ADocuments and Sethingzinbarbasty Documentsiyideas movies. ayi
I15B Camera Real Time Input

—idea Stream |nfarmation
Framewidth : 320  Duration [frames] @ 102 Stream Type : UCWAL

Frame Height : 240  Steam Buffer Size : 3 Fixel Depth : 24hbit
Frames/Second : 15.00 “ideo Format o MéA Color Farmat ;o MA4

[T Change ol
: Carni find
Tap : |E| Battar : [240 Start Erame : I':' . [DiTyl?;DgaSme?a]E

Left : IU Right : |320 [ruiraticr |'||:|2 [¥ Store Dutput (n File
Continue | Canizel |

Figure 1. Video Streams Dialog Box
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Video Streams Dialog Box: This dialog box prompts the user to select a vistesam

to destroy it, to view its attributes or to useadt an input to an operation. Video
streams are referred to by their associated fiemdime while the user can use the
Video Streaninformationfield to view all the information retrieved frorhe selected
video stream. All operations can be applied tolgpatt of the video stream referred
to as VOI (Volume Of Interest), which can be spedifby enabling the taGhange
VOI and giving the desired values in the fieldg VOI(minimum frame row index),
BottomVOI (maximum frame row index},eft VOI (minimum frame column index),
Right VOI (maximum frame column index)$tart Frame (minimum frame time
index), Duration (number of frames to process). The user can chtmstore the
output video stream of the process to a file or wih the Store Output in File
checkbox. In case the input video stream is frocamera the user can select, using
the Continuous Modecheckbox, if the performed operation will be exeduuntil

Abort Processon Progress dialog box, is pressed.

Processing Progress ; 10%o

Proceszed Framesz . 102 Ellapzed : 10 zeconds

Tatal Mo, of Frames : 1053 Remaining : 1 min 27 sec

[~ Preview Dutput [ Katch Against Input [ Decimation

[

| Abort Process I

Figure 2. Progress Dialog Box

CProgress Dialog Box: This dialog box appears whenever an operatiorstpleee. It
informs the user about the process progress wétlptbgress bar, about the number of
frames processed / to be processed and aboutrtteniag and elapsing time. The
checkboxes are for the user to preview the outplgosstream while the process is
taking place, to match it against the input viddceam and to decimate the

previewing windows of both input and output vidé@ams.

Stream Buffer Operations. Some of DIVA3D operations apply only to the corgen
of the video stream buffer and not to the wholesvidtream. For such cases, together

with the dialog box to define any parameters fer dperation, the following field will
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appear informing the user that the current opanat@annot be applied to the whole

video stream.

— Buffer Parameters
Stream Buffer Size :

Starting Frame :
Streamn's Tatal Frames: 1053
Stream Buffer Allocation: |4.6 MB
Ayailable b emaory ; B5E.4 MEB

il

Figure 3. Dialog Box portion for video buffer operations.

Using this field the user can select how many fram#l be processed and which, of
the frames of the video stream, will be the stgrfiame of the process. There are
also additional information about the memory altaraestimated for the performed

operation.

DIVA3D Player: Whenever a video stream is created, DIVA3D displdys stream
using the DIVA3D Player. The playback of the vidgoeam is independent of the

size of the video buffer size.

DI¥A3D Player : football.avi =i

14 K @ & ¥ E> B 4 00:00:00

Figure 4. A view of DIVA3D Player window.

The user can control the movie playback by usimghthttons ¥ to play the entire
movie, 1€ to step one frame back o step one frame forward & to stops
playback, = to set the lower process limit for all the futagerations for that video

stream, ©! to set the upper limit LT play only the portion of the movie the user

selected with the two limit buttons. Note that thertion of the movie which is
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selected with the two limit buttons is highlighteBly right clicking on the movie
window a popup menu appears containing optionspfaying/stoping the movie,
selecting the view size, setting the movie’s volueee! setting the playback speed.
Finally by right clicking on the DIVA3D Player windtv a menu appears where the
user can select to go to the beginning of the maatehe end of the movie or to
display coordinates. After selecting display copatieés the user can click to any point
of the movie window and its spatial coordinatesY(X) along with the selected

point’s luminosities (R,G,B) will appear in the DAN2D Player window title.

The main window of DIVA3D has a menu bar consistfighe following drop-down
menus:File, Operations, Visualization, Modules and Help. File, Operations and
Visualization menus are deactivated since they refer to DIVA3II&nt Edition and
are not explained in this manual. (For more infdiara on these please refer to
DIVA3D Student Edition manual.).

The menu options of Modules and Help menus areritbestc in the following

subsections.

4.3.1 Modules menu

This menu provides a flexible expansion mechanismiricorporating additional
modules in DIVA3D by the developer or even by asgru Each such module adds a
sub-menu under thilodules menu and should be developed in the form of a DLL
(Dynamic-Link Library) that follows certain rulesp that DIVA3D can determine all
necessary information for it, such as the namethaadtructure of the sub-menu. The
Modules menu is built dynamically when DIVA3D starts, aftexamining all the
DLLs that exist in DIVA3D directory. Bellow are dethed the submenus that
implement most of the functions of EIKONA3D Librargquivalent to therile |,
Operations, Visualization deactivated menus.. All of the modules describaltbty

must exist in DIVA3D’s working folder for DIVA3D tdunction normally.

File 10 Submenu: This menu includes file 1/0O operations which iscé&ed below.

A view of this menu can be seen in Figure 5.
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=10ix|

File  Operations '-.-'isualizatiunlM:::dules Help
analysis Operations
Basic Operations
Camera I

Filtering Operations

k
[
2
2

Transform Cperations
Yideo Streams

3
Morphology Operations  #
»
3

Figure 5. A view of the File IO submenu.

Import: This menu item enables the user to import a vifileointo DIVAS3D. It
displays a typical Windows Open File dialog box vehéhe user can select the file
he/she wishes to import. When a file is selectely/ ABD creates a video stream
structure with the attributes retrieved from theea file and displays it using the
DIVA3D Media Player. The imported video stream, aaldits attributes, can be
viewed via theVideo Streamslialog box and can be used as an input to a DIVA3D
operation. The supported file extensions for impgrvideo streams are :

0 AVI files (*.avi): These are the common Audio Viddaterleaved files
containing ucval video streams, where each pix@#pth is 8 bit (unsigned
character). These video streams are handled gvileemodule (aviio.dll).

o FVAL files (*.fval): Files containing fval video stams where each pixel's
depth is 64 bits (float value). These video streameshandled by the fvalio
module (fvalio.dll).

o IVAL files (*.ival): Files containing ival video stams where each pixel's
depth is 32 bits (integer value). These video steeare handled by the ivalio
module (ivalio.dll).
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1=

File ©perations Yiswalization, | Madules  Help
Bnalysis Operations
Basic Operations

k

3

Camera IC k
File I 3
3

3

3

3

Filtering DOperations
Marphology Operations
Transform Operations

Yideo Streams State of Yideo Streams

Release Yideo Stream

Skrearn Pararneters

Figure 6: A view of the Video Stream submenu.

Video Stream Submenu:This menu includes video stream management opagati
which are described bellow. A view of this menu barseen in Figure 6.

o State of Video Streams:Displays theVideo Streamslialog box where the
user can get information about the imported videgasns and their attributes.
By double clicking on a video stream a DIVA3D Medrtéayer window is
created where the user can view the selected gitleam.

0 Release Video StreamDisplays theVideo Streamglialog box but with a
Releasebutton instead o€ontinue By selecting a video stream and pressing
Release, the memory occupied for the video stresareleased and the video
stream is destroyed. The user can select and gestooe than one video
streams, using thReleasebutton, before closing the dialog with tkkdose
button.

o Video Stream Parameters:Displays the following dialog box where the user
specifies parameters related with the video streatfier data structure and its

members.
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Stream Buffer Parameters |

— Stream Buffer Size

¥ Global specification of size [ Buffer Size : I? |

[T Specity size for each video stream

— Stream Asgociations

v Automatically import stream after process

— Dutput Skream Info

v Copy stream info frarm input streanm

[~ User define output stream info
corcel_|

Figure 7. Stream Parameters Dialog Box

The Stream Buffer Sizkeld is used to specify the size, in number ainies,
of the video stream buffer of the video streanta be either defined once,
and this definition will apply to all the video €& imported afterwards, by
checking theGlobal specification of sizeheckbox and defining the default
video stream buffer size in thiguffer Sizeedit box, or it can be defined each
time a video file is imported with th8pecify size for each video stream
checkbox.

The Stream Association§ield defines if the output video stream will be
automatically imported after an operation has fiath

The Output Stream Infdield is used for defining the way of defining the
output video stream data structure informationdgelThere are two options:
The user can either select to copy, for each ouipdéo stream, the
information retrieved from the correspondent inputeo stream or to define
manually these information fields each time a vidgeam is created.

Basic Operations Submenu: This menu leads to the various routines of the
EIKONAS3D library for the 3D processing of video eams. In most cases, the
functions require an input video stream, selectedugh theVideo Streamslialog
box, and possibly some related parameters, giveugh additional dialog boxes. In
case the user selected to use an output file te s$he outcome of the process, see
Video Streamslialog box, he/she will be prompted with a typi&ave As..dialog
box to select a file to store the output video astie Processing is performed only
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within the volume of interest (VOI) that can be quely specified for each input
video stream. The menu items are described inldaiow and a view of the Basic

Operations menu can be seen in Figure 8.

-l0ix

File ©perations Yiswalization, | Madules  Help

Analysis Operations r
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Camera IC k .

File [0 N Lu:ugfu:al QR
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Reverse Video Stream
Swrmetric Rearrangement

30 Interpalation)Decimation
Inifarm Zooming)Decimation

Extract planes
Reconstruck From planes

Cisplay Wideo Stream Buffer
Frametsallery

Figure 8. A view of the Basic Operations submenu.

o Copy Video Stream: Copies a VOI of a video stream to a newly created
video stream. The user first selects the inputossteeam and VOI through the
Video Streandialog box and then a file to contain the outpdew stream.

0 Logical AND: Performs the bit-wise AND logical operator betwé&en video
streams (for binary video streams only). The usst §elects the two input
video streams, through two successirgeo Streamslialog boxes, and then a
file to contain the output video stream.

0 Logical OR: Performs the bit-wise OR logical operator betwésa video
streams (for binary video streams). The same proeeas in Logical AND is
followed.

0 Logical XOR: Performs the bit-wise XOR logical operator betwego video
streams (for binary video streams). The same proeeas in Logical AND is

followed.
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o UCVal to Float conversion: Converts a video stream with unsigned char data
type to a video stream with float data type. Theriuselects the input video
stream and an *.fval file to contain the outputeadstream.

o Float to UCVal conversion (with scaling): Converts a video stream with
float data type to a video stream with unsignedr d@a type using scaling
(the input value range is scaled to the range 0.).25% user selects the input
video stream, which should be an fval video streanad a file to contain the
output video stream.

o Float to UCVal conversion (with truncation): Converts a video stream with
float data type to a video stream with unsigned dada type using truncation
(input values less than 0.0 are set to 0 at outpliereas input values greater
than 255.0 are set to 255 at output). The samesdtwe as in Float to UCVal
conversion (with scaling) is followed.

0 Reverse video streamCreates a reversed copy of the input video str&m.
user first selects the input video stream and eatbl store the output video
stream.

o Symmetric: Produces the symmetric of a video stream in régpeats centre.
The user selects the input video stream and ittslea file to store the output
video stream.
3D Interpolation/Decimation: Transforms a video stream using any specified
interpolation/decimation factor for each dimensidhe user first selects the
input video stream and then sets the interpolatbmiions through the
Interpolation Options(Figure 8) dialog box. The user can choose to set
interpolation factors to the three video dimensifng,t) or to set the output
video stream’s frame dimensions and specify thatféctors will be derived
from the output video stream. There are two avhkdlamethods for
interpolation: Nearest Neighbour and Linear intémpon (the first is faster,
whereas the second gives better results and ismreeoded). Finally, if

selected, the user selects a file to store theubutgeo stream.
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Figure 9. Interpolation Options Dialog Box

Note that because DIVA3D processes the video stygtially, the user may
be informed that the video stream cannot be intatpd with this T factor . In
such case the user should change the VOI (Volummi@fest) of the video
stream (e.g. select to process one frame less).

o Uniform Zooming / Decimation: Enlarges or decimates a video stream with
the same specified zooming factor for all threeatisions. The user selects
the input video stream, gives the factor through Zlmoming/Decimation
factor dialog box and a file to store the outpuled stream.

o Extract planes: Performs plane extraction on a selected 24 bioistream.
The user selects an input video stream, is promptddthe Plane Extraction
dialog box to select which planes will be extractedl finally selects video
files to store the output video streams.

0o Construct from Planes: Combines three 8bit video streams to produce & 24b
video stream. User selects three 8bit input videmams and a file to store the
output video stream. The three input video streamst have the same

dimensions in both three axis (x,y,t).
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o Display Video Stream Buffer: Display’s the content’'s of a video stream
buffer.

o Frame Gallery : This menu option is used for displaying the fransésa
video stream buffer as a gallery image, that is drsplaying all frames
simultaneously one next to the other (usually iralden size). The user first
selects the input video stream. Then, he specthesrequired parameters
through theFrame Gallery Display Optiondialog box, which are the frames
per row in the output image and the interpolaticgthrnd (Nearest Neighbour
or linear) that will be used for the adaptatioriref frame size. A default width
of 100 pixels is used for the input frames in thpat image. This operation
applies only to the contents of the video streairifiebuand not to the whole

video stream

i DI¥A3D Frame Gallery

Figure 10 Output of the Frame Gallery Menu

Filtering Operations Submenu: This sub-menu (Figure 11) includes several 3D

filtering operations, which are the following:
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Figure 11 A view of the Filtering Operations Submenu

0 Histogram Equalization: Performs histogram equalization of a video stream.
The user selects the input video stream througlvVitteo Streamslialog box
and a file to store the output video stream.

o0 Moving Average Filter: Performs filtering of a video stream using the
moving average filter. The user first selects thgut video stream and then a
dialog box appears for setting the dimensions ef3h window mask through
the Filter Window Dimensionglialog box. Finally the user selects a file to

store the output video stream.

Filter Window Dimensions x|

Filker wWindow = Dimension ;
Filter *indow ' Dimenzion ;
Filter *indow T Dimenzion ;

[ mize YWanance ;

Qk I Cancel |

Figure 12Filter Window Dimensions Dialog Box

11
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o Standard Median: The standard 3D median filter. The same procedsarm
Moving Average Filter is followed.

o Running Median: Performs filtering of a video stream using a faste
implementation (running) of the median filter. Teame procedure as in
Moving Average Filter is followed.

0 Multistage Median: Performs filtering of a video stream using the tistdge
implementation of the median filter. The same pdore as in Moving
Average Filter is followed, with the difference thanly one parameter is
given for the 3D window size, as it can only beicub

0o Weighted Median: Performs filtering of a video stream using the gixed
median implementation of the median filter. Therulsest selects the input
video stream. The user is prompted to select ar*fpj@ containing the
weights. The format of the *.par file is describeddetail in page 27 of this
manual.

o Min Filter: Performs filtering of a video stream using the imiumm filter. The
same procedure as in Moving Average Filter is fodd.

o0 Max Filter: Performs filtering of a video stream using the mmaxn filter.
The same procedure as in Moving Average Filteolised.

o Locally Adaptive Filter: Performs locally adaptive filtering of a videoesim
that is filtering dependent on the local regiontenah The user selects the

input video stream and a file to store the outpdé® stream.

Analysis Operations Submenu:This sub-menu includes other sub-menus which are
the following:
o Histogram (pdf): Calculates and displays the pdf of the histograirst the
user selects the input video stream throughMiteo Streamglialog box.
After the histogram operation, the user is askeukeishe wishes to store the

histogram to text files, one file for each plane.
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Figure 13. A view of the Analysis Operations Submenu

o0 Histogram (cdf): Calculates and displays the cdf of the histograhe same
procedure is followed like the pdf histogram cadtian.

o0 Range Edge Detection:Performs edge detection using the range operator.
The user first selects the input video stream hed tlefines the dimensions of
the 3D window mask through tieange 3D Windowdialog box. Finally the

user should select a file to stored in the outpeasn.

Range 3D Window Dimensions El

Range ‘Window = Dimengion ;|3

Range Window ' Dirmension ;|2

1]

R ange “Window T Dimenzion ;|3

(] I Cancel |

Figure 14.Range Window Dimensions Dialog Box

o Compass Edge Detection:Performs edge detection using the 3D Kirsh
masks. The user selects the input video streanspeadfies the direction of
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the detected edge planes through Eiane Direction (0,45,90,13%lialog
box.

o0 Sobel: Performs edge detection using the 3D Sobel madks.user selects
only input and output video streams.

o Laplace: Performs edge detection using the Laplace operahar user selects
only input and output video streams.

o Threshold: Performs region segmentation using simple threkhgl The user
selects the input video stream, uses Timeeshold Parameterslialog box
(Figure 15) to define thresholding parameters #&neklected, selects a file to

contain the output video stream.

Threshold Parameters x|

Fed Plane Threshold Y alue ; 123
Greer Plane Threshaold Walue :  |245

Blue Plane Threzhald Y alue a0

:

— Dutput Operator
* Logical OF ™ Uncombined

" Logical &ND

k. I Cancel

Figure 15. Threshold Parameters Dialog Box

If the input video stream is 24bit then the userstmgelect three different
threshold levels, one for each plane, and how thpub stream is going to be
composed: Either the three planes will be unconthipeoducing a binary
24bit video stream, or the may be combined usimglalgical OR and AND
operators to produce a binary 8bit video stream.

0 Region Merge: Performs region segmentation using the region imgrg
technique. The user selects the input video strelafines the threshold value
for region specification and the maximum desiratleber of regions through
the Region Segmentatiodialog box. This operation applies only to the
contents of the video stream buffer and not torthele video stream.

o Region Split: Performs region segmentation using the regionttsi

technique. The user selects the input video streimes a threshold value
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for region segmentation and selects a file to corttee output video stream.
This operation applies only to the contents ofwito stream buffer and not
to the whole video stream.

o Region Split-Merge: Performs region segmentation using the regiort-spli
merge technique. The same procedure as in the Regpdit operation is
followed.

o Label/Count objects: Performs region (a region is considered as anctbje
counting and labelling. The user selects the immgo stream and is notified
for the number of objects found inside that videmeam. This operation
applies only to the contents of the video streariiebwand not to the whole
video stream.

o Surface: Calculates the surface of the objects in a bindadeo stream
(number of surface voxels). The user selects tpetinideo stream and is
notified for the measurement result. This operasipplies only to the contents
of the video stream buffer and not to the wholesvidtream.

o Video Stream Buffer: Calculates the video stream buffer of the objatta
binary video stream (number of voxels). The usdect®e the input video
stream and is notified for the measurement re$bis operation applies only
to the contents of the video stream buffer andmtite whole video stream.

o Bounding Box: Finds the bounding box of a video stream buffer@mallest
VOI containing non-zero voxels). The user selegésihput video stream and
is notified for the measurement result. This operatapplies only to the
contents of the video stream buffer and not tonthele video stream.

Transforms Operations Submenu:The operations in this sub menu apply only
to the contents of the video stream buffer andtadhe whole stream.This sub-
menu includes the following operations:

o FFT: Performs the Fast Fourier Transform (FFT) of aewidgtream. The
user selects the input video stream and two *file$ to contain the real
and imaginary parts of the complex fval output vidéream.

o IFFT: Performs the Inverse Fast Fourier Transform (IFBT)a video
stream. The user selects the real and imaginatg pathe complex input

fval video stream and a file to store the outpdewi stream.
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Figure 16. A view of the Transforms Submenu

o DCT: Performs the Discrete Cosine Transform (DCT) oficeo stream
buffer. The user selects an input video stream affite, if selected, to
store the output video stream.

o IDCT: Performs the Inverse Discrete Cosine TransfornC{lpof a video
stream. Same procedure is followed as in the DGFaijon.

o Convolution: Calculates the convolution between two video stiealhe
user selects the two input video streams a filsttwe the output video
stream.

o Correlation: Calculates the correlation matrix for two videaeam
buffers. The user selects the two input video steea@utput a file to

contain the output video stream.

Morphology: This sub-menu includes the following 3D binary nemttatical
morphology operations, which require that a binadgo stream buffer containing the

3D structuring element exists.
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Figure 17. A view of the Morphology Submenu

Whenever a 3D structuring element is required, uber will be prompted with an
OpenFiledialog box to select a *.par file containing trheusturing element. If the
* par file follows a set of rules, DIVA3D will autnatically create a binary video
stream buffer containing the structuring elemeritadeom the file. These rules are:
The overall number of the elements inside thediileuld be a cubic power of 2 (9,27
and so on) depending on the structuring elemenesons (3x3,5x5 and so on) and
each number should be followed by a coma(,) ope(&igure 18)

[ Y P[] Y
) . File Edit Format Help

o,1,0, ~

o,1,0,

1,1.1,

1,1.1,

B 1,1.1,

N 5t

od { 01,1,
3x3x3 =

Structuring Element *.par file

Figure 18. A 3x3x3 structuring element and its implementatona par file
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o Minkowski addition: Performs Minkowski addition of a binary video stne
with a binary video stream buffer considered asstnecturing element. The
user selects the input video stream, a *.par foataining the structuring
element for the operation and a file to store thput video stream.

o Minkowski subtraction: Performs Minkowski subtraction of a binary video
stream buffer with another binary video stream éwuftonsidered as the
structuring element. The same procedure as in Mwsko addition is
followed.

o Dilation: Performs dilation of a binary video stream buffeith another
binary video stream buffer considered as the sirung element. The same
procedure as in Minkowski addition is followed.

o Erosion: Performs erosion of a binary video stream buffeh @nother binary
video stream buffer considered as the structuriagent. The same procedure
as in Minkowski addition is followed.

o Opening: Performs opening of a binary video stream bufféth vanother
binary video stream buffer considered as the siring element. The same
procedure as in Minkowski addition is followed.

o Closing: Performs closing of a binary video stream bufféhvanother binary
video stream buffer considered as the structuriagnent. The same procedure

as in Minkowski addition is followed.

4.3.2 Help menu

This sub-menu provides the About... item which digplanformation about the
program.



