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Chapter 1

In tro duction

Tina has been written to provide a researt environment for the machine vision programmer and a
repository for good algorithms. It supports a mousedriven front end and well integrated padage of
vision processesunning under the UNIX operating systemwith Xwindows graphics. Di erent versions
of the same user interface are available via the selection of alternative graphical and widget libraries.
The individual modules and display facilities are provided as tools under the control of a parent which
also displays diagnostic messages. These sub-tools can be grouped according to two types, graphical
infrastructure and researd. In this document we give a brief description of the system as a whole,
discussinggeneric concepts,we then go on to describe the sub-tools in more detail.

1.1 The Main Tool

The main tool tinaT ool is the only one that is visible by default when the tool is started from scratch
by typing tinaTool. Other tools require button activation for initiation. Previous sequencesf button
interactions can however be stored by typing \ tinaT ool -s" and then using the save option on the
main tool. The sequenceof button inteactions are then stored in the \tinaT ool.cls" le which can
subsequetly be replayed using \ tinaTool -r". In addition the tool contains a generic macro facility
allowing the construction of sequence®f button pressesrom anywhere within the tinaT ool system. This
is of particular value when usedin conjunction with the image calculator (Imcalc Tool) and Sequene
Tool.

1.2 Infrastructure Sub-T ools

Much of the power of the Tina software asa developmert systemcomesfrom the easewith which existing

resourcescan be accessedy the useror the user programmer. The combination of sub-tools, when used
together, form a powerful researd tool. The medanism which facilitates this is the use of static data

structures, which are globally accesableo the uservia button pressingand to the programmer via access
functions (described in the programmersguide). The conceptof the use of this mecanism follows from

the \message board" approach to the construction of complex asyndronous processing. This allows
the user to investigate the consequence®f updating stored datasets using alternative parameters or

algorithms in the context of use of that data in a larger system. It also allows the programmer to gain

rapid accesgo algorithmic resourcesalready compiled into the tools.

The most important global data structure is the stack The stadk is best visualised using the Imcalc Tool
but can be accessedlirectly by many other tools via push and pop buttons. The con guration of the
internal data pathway of tinaT ool can be ervisaged as a star, with le tools at the extremities, linked
together by the stack This permits data loaded or created in any onetool to be transfered to another.
For sub-tools which have seweral assciated static data structures the one placed onto the stack will be
selectedby a choice menu. This medanism allows, for example, pre-processingof imageswith the image



calculator before further feature extraction using a sub-tool. For generic exchange of user de ned data
structures the programmer is referred to the programmers guide section on serialisation.

Another feaure of the tinaT ool systemis the use of genericdisplay tools. Data stored in the appropriate
static locations will automatically be available to the graphical userinterface for interactive manipuation
(such as zoom or roam) or display (such as histogramming and surface generation). Many characteris-
tic data interaction tools are available, located within the tools which benet most from ead form of
interaction.

The sections below give a brief description of the sub-tools available within the system, more details
are given later in this documert. The tools showvn under tinaT ool will depend upon the users own
con guration in his top level le "tinaT ool.c".

Tvtool

The Tina View tool (Tv tool) has been deweloped to provide a common framework for graphic
applications. It is usedto interactively display in both 2D and 3D with a wide and exible range of
user de nable mouseinteractions. For this purposea large number of functions exist for selecting,
manipulating and displaying Tina primativ es. This is consideredan essetial support role for the
rapid developmert of machine vision algorithms. All graphic display in Tina is done using the Tv
tools. Each applcation tool that usesgraphicsis able to initialise a Tv tool in order to apply its own
speci ¢ interactions. This is doneby rst selectingthe Tv choice option on the subtool and then
installing the selectedgraphic funtion for the chosenTv tool usingthe init button. A Tv tool is not
dedicatedto onefunction onceintitialised and can at any time be taken over by re initialisation by
another sub-tool, this maximisesthe exibilit y of the userenvironment and minimisesthe number
of Tv tools that needto be displayed at any momert in time. The data from a Tv tool is not
modi ed on re-initialisation and the Tv tool may be re-initialised again for the original purposeif
required. Tv tools can thus be consideredasa oating graphics resource.

View : view_tool()

Generic manipulation of individual Tv tool parameters (colour maps etc.) and postscript (or ti )
output for usein documerts is handled by this tool. The Tv acted upon will be the one most
recenly selectedvia a sub-tool Tv choice menu (and identi ed via a static variable). The tool can
alsobe usedto produce a bu ered sequenceotations on data which can then be usedfor realtime
visualisation of 3D data.

Macro : macro_tool()

This tool supports sorageand execution of button presseswith tool recon guration capabilities.
It is designedfor usewith debugging (eliminating all that tedious interface re-positioning which
preceedsuseful work) and sequencenalysis (allowing single image analysisprocessedo be applied
to whole sequence®r volumes).

Stack raw_input _tool()

This tool is provided to allow reading of arbitrary (uncompressed)data, it supports various data
types and endian and signed data alternativ es. Data is loaded directly into the stack for view in
the image calculator (seebelow). With practice, images of unknown origin can be loaded by a
processof trial and error in order to determine key variables.

Mono: mono_tool()

The Mono Tool is provided to handle generic le manipulation and display functions for grey level
image and edgebaseddata structures. It cortrols a single Tv tool for mono image display of the
global mono data structures and has push and pop accesso the stack

Stereo: stereatool()

The Stereo Tool is provided to handle generic le manipulation and display functions for stereo
image data and derived geometric features. It controls 3 Tv tools for left right and threed data
display of the global left and right data structures and has push and pop accesso the stack.
Squene: seqtool()

The Sequencdool is provided to handle the construction manipulation and processingof temporal,
volume or multi-sp ectral sequence®f images. The tool not only provides a meansof interacting
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with the image sequencebut also provides an infrastructure with which temporal algorithms may
be deweloped. It hasan assciated Tv and interacts directly with the stack.

Imcalc: imcalc_tool()

The image calculator (or Imcalc Tool) is a stack basedimage processingtool designedto be used
as a general purposeimage processingalgorithm dewvelopmert tool and image preprocessor. It's
main useis for algorithm evaluation but also has usesfor general purposedata manipulation and
display. The tool must be usedin conjuction with the Stereo or Mono tools for input and output
via stack push and pop manipulation. It has4 Tv tools assaiated with it for stadk and memory
displays and graphical output such as pro les and histograms.

1.3 Machine Vision Research Sub-T ools

The tools contained in this section are less xed in nature and may not have yet been releasedfor
use external to the group. These tools are in a state of ux and may be subject to change at any
time, depending upon researd requiremerts. We endewur to keepthe most recert versionsof proven
algorithms up-to date but there is often a lag betweenthe current reseat and inclusion of newtechniques.
Sud techniqueswill however generally be available as executabledemonstrations.

Calib: calib_tool()

This tool is usedfor the calibration of imagesvia the estimation of the parameters of projective
cameramodels. It controls a single graphical Tv structure and has accessto the global stereo
calibration structures via get calib and set calib buttons.

Edge Geom: edgetool()

This tool is an iterface to the routines in Tina system for performing edgedetection, edgebased
stereo processingand recovery of wire frame geometrical scenedescriptions. The tool must be
usedin conjuction with the Stereo or Mono tools for input output and display and operateson the
mono, left and right image global data structures, which can be viewed on their assaiated Tvs.

Corner: corner_tool()

The Corner Tool is an iterface to the routines in Tina systemfor performing corner detection and
corner basedstereoand temporal matching. The tool must be usedin conjuction with the Stereo
or Mono tools for input output and display and operateson the mono, left and right image global
data structures.

PMF Stereo Test stereatest_tool()

This tool providesan iterface to Tina subroutinesfor the useof edgestring basedstereoalgorithms.
This tool should be usedin conjunction with the stereo sub-tool and operateson the left and right
image global data structures.

Correlation Stereo: st_corr_tool()

The Stereo Corr Tool providesan iterface to Tina subroutinesfor the useof image correlation based
stereo algorithms. This tool should be usedin conjunction with the stereo sub-tool and operates
on the left and right image global data structures.

Pairs: pairs_tool()

The pairwise tool provides an iterface to the Tina subroutines for generic object recognition of
2D projected shape via the use of pairwise geometric histogrammes. This tool should be usedin
conjunction with the Mono sub-tool and operateson the mono global data structures.

Matcher: matcher_tool()

The matcher subtool providesan interfaceto the Tina subroutinesfor the location of 3D wireframe
objects. It hasassaiated with it additional Tv tools for sceneand model display. This tool should
be usedin conjunction with the stereo, edge and corner tools and operates on the left and right
image global data structures.
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1.4 Medical Image Analysis Sub-T ools

Thesetools are intended for the quatitativ e analysis of medical images. All of them have either been
used, or are being used,in medical researt projects.

NMR-Segment nmr_segmen_tool()

This tool hasbeendeweloped to identify tissuesin MR data sets. The approad usesEM modelling
basedupon Bayesstatistics. Its is expectedto be usedin conjuction with the Sequene and Imcalc
tools.

NMR-A nalysis. nmranalysis_tool()

This tool has beendeveloped for the analysis of temporal MR data sets,such as BOLD, Perfusion
and Permeability analysis. Its is expectedto be usedin conjuction with the Sequene, Imcalc and
Coreg tools.

Coreg: coregtool()

This tool is usedto co-registerand reslice, either manually or automatically, MR data sets. It is
designedto be usedin conjunction with the Sequene tool.

SmartROI: sroi_tool()

The SmartROI Tool is designedto support the automatic location of simple polygonal boundaries
in grey level data. The techniques are basedon eigenvector approximation to sampleddata. The
tool can be usedin conjuction with the Imcalc, Sequen@ and Mono tools. Located structures can
be usedto de ne local regionsaway from the main control points usingan method of a ne transfer.

SeROI Tool: seqroitool()

This tool is provided for manipulation, visualisation and storage of 3D volumes of interest. It
allows the editing of a set of closed2D spline curveswhich can be viewed in the threed Tv and
apllied asregionsof interest in other Tv's. The tool also has usefor maual markup of structures.

1.5 File Handling

File i/o facilities typically have three componernts:

a selectionbox to specify le type
buttons for performing input and output

directory and basenamespeci cation strings

The user setsthe directory and basenamestrings, choosesthe appropriate le type and then performs
i/o by pressingthe appropriate button.

1.6 Display Selection
In generalsomeof the following three facilities will be available

a selectionbox to activate Tv control initialisation
selectorsfor the current display of each Tv tool

selectorsfor the current "pick" and "mouse" facilities of each Tv tool

It is recommendedthat the section of the user guide for the Tvtool and View sub tools be read fully.
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1.7 Standard File Names

A number of standard le name extensionsare assumedby the Tina system when reading and writing
to disc. This allows a single image pathname to be usedto generatemultiple les for globally de ned
data (seelnfrastructure Sub-Tools). File name extensionsare delimited by the character "." and these
should not be usedelsewherein lenames. Here we describe only the basic le types,other tool specic
extensions(such as those usedin the Matcher) will be described in the relavant sectionsof this guide.

Imagesare stored in AIFF (AIVR U Image File Format) in les with the\ai" postx. In addition Tina
is often usedto deal with image pairs (via the Stereo subtool), this givesrise to the additional post x of
\I" or\r", eg:

widgets.|.aiff
widgets.r.aiff

for the stereopair of \widgets" images.
Edge data, 2D and 3D data are stored separately as:

widgets.l.edges
widgets.l.poly
widgets.poly

note that the \I' extensionis dropped for the 3D case.

Camerageometry is also assa@iated with ead view projection on an individual basisas:

widgets.l.cam
widgets.r.cam

Thesenameing cornvertions are usedonly for convenienceand the usercan of courseuseother root names
if sorequired provided that the expected extensionsare retained. This will of courserequire additional
user interaction when reading the data.

Tools designedto read and write multiple imagesinclude numeric elds which can be substituted into
locations in the le name specied by thw \#' and \?" symbols. These tools also support the \*'
wildcard.
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Chapter 2

Tv Tool

2.1 Intro duction

The Tv Tool providesa commonframework for interactiv e graphicsfor useduring algorithm developmert
and demonstration. It is usedto display image 2D and 3D graphicsdata. The software hasbeendesigned
to support straight forward extension and modi cation by the user programmer. By isolating system
dependart graphics code, and providing a protective layer of graphics routines, it is hoped that this
software will support portabilit y and upward extendability.

All graphicsdisplay in Tina is donevia the Tv Tool, eat application tool that hasgraphicsdisplay in the
Tina systemhasassaiated Tv Tool's. The Tv Tool is resizeable,either by dragging at the cornersof the
tool or via useof the "Size" menu. 3D graphics can be displayed either with orthographic or perspective
projection asrequired ("Pro j* menu). Data can alsobe inverted by a 180 degreerotation in either 2D or
3D. During data manipulation (eg rotation) only a subsetor "skeleton" of the ertire data structure may
be displayed. This is purely for corvenienceand the ertire data set will be fully displayed at the end of
the interaction.

2.2 The Logical Tv and the Tv Tool

The programmer works with a logical display device called a Tv. Tools that require graphical display
devicescan either reuseexisting display devices(via calls to the appropriate pointer accessunctions) or
must provide their own Tv device. During program execution a Tv is created using the New Tv Tool
button of the main tool. Within reasonany number of Tv's can be created. Tv's support the following
button proceses. Tv's support both transient and retained graphical facilities. Transiernt graphics are
lost following zooming or other repaint facilities, while retained graphics are not. Generally, transient
graphics will not be displayed on cloned Tv's.

install . The userassciatesthe most recertly selectedTv tool from a subtool selectionmenu to a
logical display device.

clone. Multiple copiesof the sameTv canbeinstalled on dierent Tv Tool's. Thesecopiesare not
accessabldrom the main application program and can be therefore usedto store graphical results
for visual comparison.

init . An aplication cansupply an initialisation function which selectsa default geometryfor display
(eg; an image can be scaledto t the display screen). Using this button will return the displayed
data to the standard projection after zooming or rotating.

repain t. When the screenis exposedor resizedrepaint routines are called to refresh the display
appropriately. Userscan invoke a repaint directly by pressingthis button.
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Interaction with the tool takes place through the mouse (assumedto have three buttons). The mouse
generates9 di erent evert typesfrom the combinations of these buttons with up, down and drag.

2.3 Interaction

Experiencehas allowed us to identify four typesof useful activity, roi (region of interest), zcom, pick and
mouse The rst of thesecan be selectedfrom the ROl menu, the others can be individually selected
from the Tv Tool mouse menu. When an activit y is selecteda brief description of the functions ascciated
with the three buttons is displayed in the information panel of the tool.

2.3.1 Mouse Interaction

zoom. Zoom mode allows the data to be shifted scaledand rotated in 2D and 3D by dragging
the mouseacrossthe display with a button pressed.The appication selectsthe modesfor zooming
accordingto data type at the time when the tool is installed. The button functions are:

left drag : up/down/left/righ t = image shift.

middle drag : left/right = zoomin/out (from centre)
up/down = rotate display about view direction.

3D rotation  about vertical display axis.

right down : up/down

pick. This setsup the basic functionality to chooseitems from the display for mainpulation and
processing. Selectedietms are stored in a "pick-list" which is globally available to the software.
The choice function and pick function are set by the application accordingto data type.

left downand drag : Highlight current choice.

left up . select curent choice and add to pick-list
middle down . apply selected funtion to pick-list data
right down : cancel pick-list

mouse. This is intended to be a programmer de ned function, and the behaviour will vary de-
pending upon which sub-tool the Tv is installed with.

2.3.2 ROI Interaction

rect. Roi mode allows rectangular regions of interest to be selectedfor processing. The button
functions are:

left down : Choose upper left of region.
left drag : Drag to lower right corner of region.
left up . set roi.

middle down: toggles display of current roi.

right down : Display the current roi.
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poly. Roi mode allows polygonal regions of interest to be selectedfor processing. The button
functions are:

left down : Add new point to polygon.
middle down: Close and display polygon.

right down : Start new polygon.

point. Roi mode allows polygonal regionsof interest to be edited. The button functions are:
left down : movenearest point on polygon.
middle down: delete closest point on polygon.

right down : add new point to polygon and join to the two closest.

global . Roi mode allows polygonal regions of interest to be modi ed. The button functions are:
left down : translate polygon.
middle down: scale polygon.

right down : rotate polygon.
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Chapter 3

View Tool

3.1 Intro duction

The View Tool is a genericTv control panel for the control of graphics parameterson the most recertly
selectedTv as

displayed at the top of the tool. The tool supports various colourmap display modesand can be usedto
modify graphics display variablesincluding fonts.

3.2 Graphics Options

The badkground can be set to the required colour by the selection of the following options.

white, light grey, dark grey, black, blue

The line width of displayed geometrical primitiv escan be setto either of the following (in pixels).
0, 1, 2, 3

The default line colour can be set to

black, blue, white, red.

3.3 Colour Maps
The display colour map can be selectedfrom the following alternativ es;

standard, grey scale, anaglyph, false colour

These maps are avaialable as either PsedoColor or True Color depending on whether the X serer is in
8 bit or 16 bit colour mode or above (increasingly, modern computers are no longer resricted to 8 bit
graphics). The \grey scale" option is intended for caseswhere better image de nition is required with
8 bit graphcsthan is available with the Standard colour-map. False colour is intended for displaying
imageswith quartitativ e grey level values. Anaglyph s are provided for stereoscopicdisplay and display
of complex images(ie: two value). Tina doesnot yet support full colour dislays of, for example, RGB's
as there is no needfor the algorithms currently supported. The default colours variable species the
number of coloursto be copied from the system colourmap. Sensiblewindow managerswill not switch
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back to the system colourmap when it is included as a subsetof the tool colour map in this way. Very
large values of this variable (ie: greaterthan 72) may move the graphical colours of the standard colour
maps into the red overlay plane used for temporary graphics. This does not howewver, causeany undue
execution errors.

The colour map can be interregated and examined via the use of the Show cmap and Show tv's
cmap _lookup functions. Most windows managersrunnning with 8 bit colour include an \xcmap" utilit y
which is egivalent. The current Tv screencan be pusheddirectly into the Imcalc Tool if necessarythough
this is not reccomendedas a stagein data processing.

The default font for the current Tv can be changed. If a wildcard is included (ie: *) the nearestsuitable
font will be chosen.

Problems may be encourtered when displaying 16 bit (or above) graphics on Linux machines from pro-
grammesrumming on a Sun workstation. A grey scaleimage will take colours which are typically green
and purple. This is due to incompatabilities betweeninteger number represenatationon these machines
which is not correctly handled by the X server. When this happensthe problem canbe xed by toglling
the endian button. This re-ordersthe bytes passedto the graphics serer so that all colours and grey
scalesare renderedas originally intended.

3.4 Graphic Hard Copy Output

The dump tool (generated by the dump button) provides a meansof writing a postscript (or ti  6.0)
image of the current Tv window to a le using the obvious parameter string menus. The extensions
\.eps" and \.ti" are automatically appended.

3.5 Making Mo vies

The View Tool contains a generalpurposefacility to make a stored copy of any Tv paneland add it ot a
list. This list canthen bereplayedwith a xed display Time interval. This is useful for generatingtimed
sequencegor psychophysicsor functional magnetic resonanceexperimerts, but is also useful for viewing
the results of temporal or 3D data analysis. The system has two free parameters, Time in hundredths
of a secondand Coun t which speci es the number of times to loop badkwards and forwards through the
stored imagelist if positive, or only in the forward direction if negaiwe.

3D geometry can be viewed as a rotated movie sequenceof stepimagesusing the rotation axis speci ed
by Rot x,y. This functionality is supported by the mak e seq and show buttons.
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Chapter 4

Macro Tool

4.1 Intro duction

This macro facility is potentially very powerful, asit allows the interactive construction and storage of
complex vision algorithms making full use of the exibilit y of the Tina environment and algorithmic
tools. Thesewere written to support and evaluate a range of algorithm variants which can be con gured
and replayed using the macro facility. Macros avoid the needto write software for speci c sequences
of algorithm during the processof evaluation and provide a compact decription of exactly what was
done in order to processdata. This allows key analysesto be repeated at a later date, subject to
modi cation of software or the needfor additional results. It providesa natural way for the programmer
to divide software intended for the libraries (and therefore provided on buttons) with experiment speci c
con gurations (which can be in a macro).

Macros are particularly useful in conjuction with the Segene Tool, as they allow functions written for
operation on a singleimageto be applied to a sequenceof images(seeloop below). Macro's are editable
using a simple text editor and can even be constructed from combinations of other macros.

The generatedmacro les are in the same, human readable, format as the tinato ol replay facility and
stored with the extension\.cls" which can be edited directly if neccesary(the syntax usedis immedi-
ately obvious). The macro facility can thus be regarded as an interactive language which permits the
simple exchange of ideas acrossdi erent computer platforms (via email if necessary)without the need
for recompilation of the standard tool.

The macro syntax is deliberately simplistic. For example, it does not support logical functions, as all
good algorithms are expected to be basedon soft statistical decisionsalready built into the algorithm
(seeProgrammers Guide). In addition, complex data interactions (such as zoom functions within a Tv)
are not stored. Macros are strictly intended for con guation of the tool, variable initialisation and button
presses.

The text le identied for executionis provided by the Macro File string variable. Unfortunately, the
useof absolute screenco-ordinatesfor the represenationof user-interface position meansthat macrosare
not (and never could be) directly portable betweenmachinesrunning non-idertical window managersor
screens.This includes di erences due to font sizes. Although such macroswill execute(and the software
should not crash), problems may be found with the sizing of windows and button placemen. Therefore,
if a macro is intended for demonstration purposesit is generally best to construct the macro on the
machine which is intended to be usedon the day.

4.2 Button Functionalit y
app end

The specifed Macro File is openedand susequeh button pressesare appendedto it. app end
button pressesare not executedwithin macros, thus preverting in nite loops. The button press
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is however always noted in the macro le, thus providing a way of identifying new additions to
existing macros.

close

The specifed Macro File is closed,with nal positions of all widgets and graphics panels stored
at the end of the le.

run

The specifed Macro File is executed,repeating variable changes,button pressesand tool reposi-
tioning as necessary

start

The specifedMacro File is openedand the rst line executedand displayedin the line > string.

next

Exectute the next line of the speci ed macro.
execute

Continue macro execution until the end of the le.

loop

Loop the currect macro execution starting at start and ending on end. The current value of the
loop variable is showvn in Curren t.
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Chapter 5

Histogram Tool

graph T
Current Histogram: 0 i) i)

Name:

plDt.histj hist .s_tatsj integr‘ate.histj

expCIF | nornCIF )

|

Figure 5.1: Histogram Tool

5.1 Intro duction

The histogram tool is designedto allow the program deweloper to plot and display data distributions
anywhere within the software, without the needto haveto write additional display software. Histograms
are generatedand lled using the "hbook" and "h II" library functions (seeProgrammers Guilde).

The current histogram for display is manipulated by the < and > buttons. Each will nd the next
available histogram in the speci ed direction.

factor Generatea Tv for dsplay.

plot hist Display the current histogram if 1D. If a 2D scatter plot, form an image for display in the
Imcalc Tool.

hist stats

Print histogram information to the tinaT ool dialog box.

integrate hist

Replacethe current histogram with its integral (from the left).

exp CDF

Plot the histogram along with the cumulativ e distribution function for an exponertial distribution.
norm CDF

Plot the histogram along with the cumulativ e distribution function for a Gaussiandistribution.
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Chapter 6

Terrain Tool

6.1 Intro duction

The Terrain Tool is designedfor the visualisation of imageswhich areto be interpretted asdepth surfaces.
Displayed data is shown in the assaiated terrain Tv, which must be generatedand installed. The height
of the displayed points is derived from the pixel values.

6.2 Display Options

The tool has a number of switchesto allow the userto de ne the manner in which these surfacesare
renderedand displayed. Theseinclude;

Visible Surface : Top, (Botall off, all on)

Display : (lines offlines  on) (fill off, fill  on)
Line colour . black, blue, white, red
Fill  Type . image, shade, mean

6.3 User Interaction

The displayed surface can be viewed in the usual manner for 3D data under Tina. That is the zoom
facility is set according to;

left drag : up/down/left/righ t = image shift.

middle drag : left/right = zoomin/out (from centre)
up/down = rotate display about view direction.

3D rotation about vertical display axis.

right down : up/down
The e ects of these options on the display processare best understood from personal experience.

6.4 Functionalit y

stack pop. Will getanimagefrom the top of the Tina stack.
stack push. Will push the displayed image badk onto the Tina stack.
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Grimson.  Will Il in the zero's of a sparseimage assumingdi erential continuity and minimum
elastic surfaceenergy

surface. Will generatea projection of the current image surfacein the terrain Tv according to
the parametersin Terrain Params, which are;

X interval
Y interval
Z scale

Grimson iterations

It is advisedthat the X and Y parameters as set large initially until a good projection direction
has beenselected.

22



Chapter 7

Mono, Stereo and Sequence Tools

7.1 Intro duction

The Stack tool provides a raw data reader. Stereo and Mono tools perform generic le handling and
display for stereoand mono processingrespectively. The Sequene tool also provides readersfor medical
image data sets. Files can be exibly cornverted directly or by interchanging data via the stack. See
appendix for le formats.

7.2 File handling

The simplest image handler is the Raw Input Tool which provides direct accesto the data stadk within

Tina. It allows the userto specify all of the parameters necessaryto locate and read a raw binary (or
ascii) data block within a le. The parametersof this tool should be quite self explanatory. Typical use
involvesa trial and error processto selectthe best parameters while viewing the resulting data in the
Imcalc Tool's Tv. This should be the method of last resort for loading proprietary data sets. The other
data input tools support formats which contain useful supplemenal headerinformation. The Sejuen@
Tool in particular supports common medical volume data sets. Once an data set has beenloaded it is
possibleto write out to any of the supported formats, thus achieving image cornversion. This processcan
be batched using macro replays (seebelow) if many les are involved.

The Mono Tool handlesthe following le types;

Option  Extension Description

AIFF .aiff Image (new Aivru image file format)
PGM .pgm portable greylevel map

RAD .rad RADIALimage format (Manchester Univ.)
EDGE .edges Edge data (binary)

POLY  .poly2D Geometry

CAM .cam Camerageometry

WISP  .wisp Edge String data

RAS .ras SUNrasterfile

DICOM GIF image file format

An image may have assaiated les with someor all of these extensions. PGM le reading is supported
only for compatability with standard data formats. Generally, image processingrequiring co-ordinate
mapping or pixel casting will produce imageswhich cannot be supported within an integer format. The
AIFF format exists speci cally to overcomethese kind of de ciencies and its use is recommendedfor
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processedmage storage. In order to support sequenceprocessingthe lename can be speci ed including
numeric wildcards "#". Theseare substitued for the numeric Frame Num ber which canbe manipulated
via the forward and badward iterators > and <. This facility is of primary value when constructing
sequenceaeplays within the Sequene Tool.

A scan facility is provided to provide a listing of les which are compatablewith the current speci cation
of the le name. To list a directory contents the directory path should be terminated with a "/". If the
le path is unique it will be completed for you in the interface thus avoiding typing errors in locating
data.

Stereotool handlesthe following le types.

Option Extension Description

AIFF J.aiff & .r.aiff Image (new Aivru image file format)
ROI .roi stored Tv regions.

EDGE .l.edges & .r.edges Edge data (binary)

POLY .lLpoly & .r.poly 2D geometry

LH_ G .poly 3D geometry (old right hand coords)
RH_G .poly 3D geometry (new right hand coords)
CAM J.cam & .r.cam Camerageometry

An imagemay have assaiated les with someor all of theseextensions(.I meansleft imagesand .r means
right image).

The default image pathname is given by the ervironment variable TINA _IMA GE_DEFAULT, if set oth-
erwiseit takesa #de ned value.

Again (asin the Mono Tool) the lename can be speci ed including numeric wildcards "#". Theseare
substitued for the numeric Frame Num ber which can be manipulated via the forward and badkward
iterators > and <. This facility is of primary value when constructing sequencereplays within the
Sguene Tool.

Input input selected le(s) eghouse.l.ai and house.r.ai (in stereatool)

A camera le is input whenewr a .ai (or .i ) or raw image is input. When inputting a camera
le, a heirarchy of default lenames is used. eg. for the image HOME/images/house/house.ai ,
Tina looks for a camera le in the order:

$HOME/images/hose/ho use. cam (<basename>.cam)
$HOME/images/hoge/defaul t.c am (deafult.cam in same directory)
$HOME/images/deault. cam (TINA\_CAMERA\_DHAULT variable)
$HOME/images/defwult. cam (pathname #define'd)

Output output selected le(s)

On output a camera le is only written when CAM is selected.(ie. NOT whenanimageis output)
and it is written only to the named le (basename.cam)is possible.

7.3 Display

The Mono Tool handlesa single Tv display device,called mono. The Stereo Tool hasthree Tv's ass@iated
with it, called left, right (image display) and threed (3D tina primativ es recovered from stereo). The
Sauene Tool has a single Tv which shows one image from a set of imagesat any time.

The available display facilities are listed below, you can have any, all or none of them, initially only the
image is set to be shown. To changethe displayed image pressthe redraw and repaint buttons on the
assaiated Tv tool.
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Mono

image
edges

corner
strings

geom

Left and Right

image
edges
corner
str
geom
other

Threed

geom
ground
other

Display current monoimage (the one input by the mono_tool).
Display current monoedges. These are drawn as pixels (a box
around the perimeter of the pixel) in the location of the image
array where the edge is located (stored).

Display current corners (hard to see at present).

Display current monolinked edge strings. These are drawn
between the current sub-pixel edge locations (in  ““salmon").
Display current mono2D geometry (conics in “yellow"and

poly lines in “baby blue" ).

Display current left and right images.

Display current left and right edges.

Display current corners.

Display the current left and right linked edge strings.
Display the current left and right 2D geometry.

Allows other modules to register alternative  image features.

Displays 3D geometry.
Displays elected ground plane (if available).
Allows other modules to register alternative 3D features.

At any stage the left and right images can be usedto generatea red green anaglyph which will be
displayed in the Curren t Tv usingthe selectedcolour-map.

7.4 Mouse Activit y

The mousebutton on a tv tool setsthe mousebuttons.(The mouseis also set when the mousebutton is
pressedin another tool). There are three options ;-

pos

left down
middle down

right down

grey
left down

left down

ipos: the Tv image pixel (integer) position.

pos2D: the physical image position (sub pixel) with

respect to image coordinates (takes account of scale).
pos3D: the image position of the underlying physical image
with respect to 3D co-ordinates of the camera located at
the centre of the image.

grey: the grey level of the physical image.

grey: the pixel value of the tv image.

All diagnosticsare written to the main tool.
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7.5 Sequences

The manipulation and analysisof image sequencess handled by the Sequene Tool. The le i/o facilities

are consistert with the mono and stereo tool functionality, but now a range of imagesspeci ed by the

parametersStart and End in the le Image File isloadedinto alist of images. Thesesequencednclude

medical image data types such as ACR-nema (NEMA), DICOM and Analyze (ANLZ). This sequence
can be viewed in the sequen@ Tv and maipulated using the rst Last and jumpto buttons aswell as
the forward and badkward iterators. The Del, Ins and Rep buttons manipulate this list and the system
stack (as displayed in the image calculator).

Image processingcan be repeatedly applied to individual imagesdisplayed in the Sequene Tool via the
use of the Macro Tool.

7.6 Push and Pop

Tina supports a singledata stack onto which a copy of an image can be pushedand from which an image
can be popped. In this way imagescan be shared betweenthe various tools in the Tina systemeg. an
image can be input into the mono_tool, pushedonto the stack and processedwith the Imcalc Tool. This
avoids every tool requiring speci ¢ imagei/o code in order to interact with the rest of the system.
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Chapter 8

Imcalc Tool

8.1 Intro duction

Tmcalc Tool

Tw List : imcale imu:alu:2| regizter |_gr‘aph|

Incalc Hice: cohh gr‘e'd| prDF| HiSt| Help |
Inage type: bin u:hr=| int | -F1t| CHip | ptr=|
Imcale F‘ar‘amsj Create Tool | Info | Unde )

L] EI’-‘ij store | Fetch]qdu_p)whr‘;ii/‘l
scalej xratj gratj smpl) shift | bshift |
L)) A ) W) )
st ) esert) sor ) dog) o) sin) asin)
thres | 1sf | med | rank | gauss | tsmooth |
diffx ) diffy ) grdsq) lap ) ddn) ddt ) cre)
xy rorm | zrorm ) arg ) cis ) conj ) optf )

rmdc ) quad | FFE ) FFEi | powsr | fdx | fdy
erfp | max pu:usj zkel er‘u:udej dilate/‘l

scat | iscat | hist | zpad | noise | window

Figure 8.1: Imcalc Tool

The image calculator Imcalc Tool is designedto be usedas a rapid general purposeimage processing
algorithm developmert tool. The interface duplicates the functionality of a common calculator but with
data manipulations applied to imagesrather than single values. It is basedaround the data processing
conceptcalleda stack. In this casethis is the certral data storageand retieval mecanism for exchanging
data betweenthe various tools within TINA, which is a last-in, rst-out list of data. Most tools within
TINA have the facility to push and pop data on and o the stadk, and therefore also passdata in and
out of the image calculator. Image calculator processesalways operate on the top of the stack (TOS)
and sometimesalso the next on stack (NOS) data. The imagesinvolved are always deleted and results
are placed back on the TOS. This medcanism prevents the uncortrolled growth of the stack but requires
explicit duplication of any data which is neededagain for later stagesof processing.Any computational
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algorithm can be constructed this way but it is sometimesfound quite awkward as it requires good
foresigh. For this reasonan extra data register is provided for storage of intermediate results.

The tool's main useis for algorithm evaluation but it alsohasusesfor generalpurposedata manipulation,
pre-processingand display. This functionality is extended when used in conjunction with the macro
facility available within TINA which makesit possibleto interactively develop and reusecompleximage
processingalgorithms. Though image processingtexts contain a multitude of algorithms, algorithms are
only included here which have demonstrated useful capabilities during the course of our researd. In
particular functions have been selectedon the basis of providing componerts in computationally stable
algorithms. Sud stability can be assesseeither by using the technique of error propagation or by Monte-
Carlo. Algorithm stability can generally be ensuredby demanding that intermediate images have the
property of uniform random errors. This tool supports the generation of noiseand simple test imagesin
order to perform Monte-Carlo testing. It can also perform noise estimation and the use of scatter plots
allows the investigation of data correlation.

The tool has 4 Tv tools assaiated with it imcalc, imcalc2, register, and graph for stack and memory
displays and graphical output sudc as pro les and histograms. The required subset of these should be
installed beforeimage processing.

The calculator supports seweral image types; unsigned char, integer, oating point, double precisionand
complex. The functions decribed below will castimage typesaccordingto the minimum requirment for
numerical stability but usersmust bear in mind their required data storageformat and its limitations on
le output (eg: quartization and truncation). Explicit casting betweenimagetypescan also be achieved
by use of the image type selection menu. This menu displays the resulting image type after all data
manipulations and image creation processes.Selectingthe appropriate image type will force the image
to that storagerepresenation. Falsebinary (actually stored asunsignedchar) and pointer typesare also
indicated. Castingto atype ptr (pointer) will de ne feature data structures for all pixels with data values
greater than IP(thresh) and lessthan no more than IP(connect) of its neighbours. These structures can
then be passedto other tools for corntin ued processing.This is useful for testing out new feature detection
algorithms. Casting to "int" will force a 16 bit represenation, though internal calculations resulting in
"int" will be 32 bit.

At any time the variables de ning the current image can be displayed via the Image Info button.
The most recert stack manipulation can be reversedby use of the Undo facility.

A range of simulated imagescan be generatedin the Create Tool subtool for purposesof algorithmic
evaluation (seebelow).

8.2 Mouse Interaction

After installing the graph Tv a range of graph plotting facilities are available for data displayed in the
imcalc Tv. SelectingImcalc Mice (conn) producesthe following functions.

left drag : Add all all pixels which have 4 way connectivity
with the identified area to the list of selected
pixels.

middle drag : Construct a connectivity  break by setting traversed

pixels to zero.

right click Construct a complex image mask of selected regions and
original data by XORof the the list of selected pixels
with current mask (if present).

The most recent selection and edit can be undo using the ““undo" facility.
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Selecting Imcalc Mice (prof) producesthe following functions.

right drag : Rubber band straight line. Grey levels along
selected along trajectory displayed on associated
graph Tv on release.

middle drag : Rubber band circle Grey levels along circular
boundary displayed on release.

Selecting Imcalc Mice (hist) producesthe following functions.

right drag : Rubber band straight line. Grey levels along
selected along trajectory  histogrammed on release.

middle drag : Rubber band circle  Grey levels within circular
boundary histogrammed on release.

left drag : Rubber band region of interest.  Contents
histogrammed on release.

Grey level valuescan be displayed in the main dialog window using the Imcalc Mice (grey) selection.

8.3 Stack manipulation.

The following routines are usedto directly modify the order of the data stored in the global Tina stack
data structure. Thesearesu cien t to allow the construction of any mathematical expressionand therefore
any image processingalgorithm.

C - remove top image (TOS) from stadk.

CA - remove all imagesfrom stack.

store - save TOS in the storageregister. Additional storage can be obtained via push and pop
facilities in many of the other TINA sub-tools.

fetch - retrieve image from the storageregister.
dup - duplicate TOS.
p - ip TOS with next image on stack (NOS).

roi - edit TOS to selectedroi. If a polygonal region has beenselectedin any Tv window within
TINA this will be usedto de ne the region of data. Valuesexternal to this polygon will be setto
zero. If the polygonal region is selectedwithin the imcalc Tv the maximum and minimum etent
of the polygon vertically and horizontally will be usedto de ne the new image dimensions. Full
image dimensionscan be restored by \init"ing the imcalc Tv before using roi .

8.4 Basic Image Manipulation.

scale - change normalisation of TOS to 0-IP(scale) default 255.0 Intended for re-scalinggreylevel
valuesto avoid truncation beforeforcing a particular image storagerepresenation (eg: char) using
the type selectionbar.

yrat - change vertical aspect ratio of TOS by IP(const) using linear interpolation. Intended for
image decimation (ie: const <1.0). A value of const = 0.5 correspondsto simple averaging. Data
valuesat origional lattice sites are una ected.
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8.5

8.6

xrat - changehorizontal aspect ratio of TOS by IP(const) using linear interpolation. Other com-
ments asyrat .

smpl - resampleTOS by factor IP(const) using quadratic interpolation. A quadratic 3x3 patch is
usedto determinethe best t parametersto a 2D quadratic approximation to the local image data
when computing sub-pixel locations. Data valuesat origional lattice sitesare una ected. Intended
for image expansion(ie: IP(const) >1.0).

shift - shift the co-ordinatesof TOS by IP(sx,sy). Intended for manipulating imageswhich require
speci ¢ co-ordinate relationships (eg: stereoimages).

bshift - barrel shift TOS by IP(sx,sy). Intended for t basedalgorithms which may produce
unwanted barrel shifts which needto be corrected.

Basic Algebra

+ - add TOS to NOS.
- - subtract NOS from TOS.
* - multiply TOS and NOS.

/- divide TOS by NOS minimum division value limited to IP(const) in order to avoid numerical
instabilit y.

-1* - negate TOS.
+k - add IP(const) to TOS.
k* - multiply TOS by IP(const).

Transenden tal Algebra.

Thesefunctions are useful not only for basic calculation but alsofor applying non-linear functions to data
setsin order to achieve random uniform errors.

8.7

sqrt - take square-root of TOS image with sign presened. Applied to probalitiy or \frequency"
image (ie: onewith Poissoncharacteristics) this will result in an imagewhich has uniform random
noise (Tina memo 2001-001).

csqrt - complex square-root of TOS.
sqr - take squareof TOS image.

log - take logarithm of TOS. Applied to an image which haserrors proportional to data value this
will result in an image which has uniform random noise.

exp - exponertiate TOS.
sin - take trigonometric sine of TOS.

asin - taketrigonometric inversesineof TOS. Applied to animagewith binomial error distribution
this will result in an image with uniform random noise (Tina memo 2002-007).

Standard Noise and Texture Filters.
thres -threshold TOS at making all pixels lessthan IP(thres) zero,operatesonly onreal componert
of complex images.

Isf - linear sequetial (exponertial) smoothing lter of TOS with decay parameter and up/down
left right handednesgyiven by IP(sigma,LR,UD). Useful for fast large scalespatial smoothing. Two
applications give a reasonableapproximation to a Gaussian(ie: Certral Limit Theorem).
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8.8

8.9

med - median Iter of TOS for 3x3 pixel patch. An edgepreservingnoise Iter which is particularly
e ectiv e at removing salt and pepper (drop-out) noise. Noise is reduced by a (typical) factor of
two and image quantization is una ected.

rank - rank order ltering of TOS with pixel region IP(range) and expected grey level noiselevel
of IP(const). Useful for allowing parametric statistical measuresto be applied to non-parametric
image data. The resulting image has approximately bi-nomial noise characteristics which can be
transformed to a domain of random uniform errors via the asin mapping.

gauss - gaussian Iter of TOS image with standard deviation and convolution area of IP( sigma,
range). An optimally compact (spatial/frequency) noise Iter. Generally usedfor band-pass lter-

ing and to reducenoise (particularly the e ects of data quartization) before derivative estimation.
Errors are generally reducedby an (approximate) factor of two.

tsmo oth - local smoothed averageof TOS image along direction of minimumpg_radient. An edge
preservingnoise Iter which reducesimage noiseby a factor of (approximately) = 2 (seeTina memo
2003-007).

Numerical dieren tial functions.

dix - numerical aproximation to rst derivative of TOS in x using (-1,0,1) lter.
diy - numerical approximation to rst derivative of TOS in y.

grdsq - sum squaredof dix and diy of TOS image.

lap - sum of the secondderivativesin x and y of TOS image.

ddn - secondorder image derivative invariant of TOS image.

ddt - secondorder image derivative invariant of TOS image.

crv - curvature of TOS image with IP(Precision).

Complex Image manipulation

Xy norm - compute the generalimagetrend (NMR eld in-homogenaey) basedon the expected
level of image noise IP(const). The technique is basedon a re-integration of a smoothed local
derivative which excludesedges(Tina memo 2000-004).

Z norm - compute the most frequernt ratio betweenthe TOS and NOS returning the ratio in
IP(const).

arg - compute phaseof complex TOS image.
conj - complex conjugate of complex TOS image.

optf - construct optimal inversecomplex Iter for decorvolution from TOS image with noiselevel
set by IP(const).

8.10 Fourier and related Functions.

rmdc - remove dc componert of the TOS image. Useful when wishing to display the results of a
t.

quad - createa double sizedimagefrom TOS with 4 fold symmetry. This allows t calculationsto
be usedto give the equivalent DCT manipulations which eliminate boundary e ects in processes
such as decorvolution.

t - compute fast fourier transform of TOS image.
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ti - compute inversefast fourier transform of TOS image.
power - compute power spectrum of TOS t image.

fgradx - compute x derivative in the fourier domain of complex TOS image. This method for
derivativ e estimation can sometimesgive more accurate estimatesthan spatial ltering, particularly
if a smoothing step is not appropriate.

fgrady - computey derivative in the fourier domain of complex TOS image. Other commerts as
above.

8.11 Misc.

max pos - indicate position of maximum of TOS image.

skel - perform a binary skeletonisation on the current binary image. Useful for thinning feature
basedrepresenations of data.

erode - morphological erosionof TOS image with sphereradius IP(range).
dilate - morphological dilation of TOS image with sphereradius IP(range).

scat - generatea 2D scattergram from a compleximage with axesgivenin the range 0-256for the
selectedregion of interest. The output image has approximate Poissonstatistical characteristics.

iscat - generatea oat image of probabilities from the selectedregion in the scattergram. The
main use of this processis in the segmertation of \complex" image data.

hist - compute an image of greylewel frequency basedon the histogram for the data given within
the interval IP(thres) +- IP(range) and return the mean in IP(thresh). The output image has
approximate Poissonstatistical characteristics. The main use of this processis in the automatic
calculation of thresholds for segmetation. Repeatedapplication of the algorithm will setIP(thres)
to the mean of the windowed distribution allowing a binary separation of the data on application
of a thresholding process.

zpad - extendthe current dimensionsof the imagewith a zeroboundary by and amount I1P(range).

noise - a robust extimate of the local image noise characteristics basedon the width of the vertical
and horizontalsecond derivative histograms around zero. Intermedate calculations are displayed
in the graph Tv and returned data appearsin IP(const). Notice of any vertical and horiozontal
non-uniformity is given in the main tinato ol display.

windo w - force the maximum and minimum values of the data to be limited to IP(thres) and
IP(thres+const) respectively. Use should generally be restricted to display purposesonly.

8.12 IP defaults:

sx =0

sy =0

Ir =0

ud = 0

sigma = 1.0
const = 1.0
range = 5.0
scale = 256.0

thresh = 128.0
connect = 2

At any time the current set of parameterscan be stored to be restored later. This is of most value when
constructing macro replays (seethe Sequen@ Tool for details.)
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8.13 Create Tool

The Create Tool is a general purposeimage creation tool, which can be called from the image calculator
sub-tool, for the generationof simulated data of various types. It hasthe following functional capabiltites.

rect - createrectangle CP(width, height, cx, cy, ax, ax).

chequer - create chequerboard CP(width, height, ax, ay). Useful for evaluating edgeand corner
detectors and for masking geometric regions.

noise - create noiseimage CP(width, height, ax, ay, noise). The generatedimage has Gaussian
uniform random noiseand is intended for Monte-Carlo algorithm evaluations.

rds - random dot stereogramnoisy stereoimage CP(width, height, ax, ay, ex, ey, noise).

delta - generatea delta function CP(width,height,cx,cy).

ellipse - generatean ellipseto subpixel accuracy CP(width, height, cx, cy, ax, ay).

elipsio d - generatean ellipsoid to subpixel accuracy CP(width, height, cx, cy, ax, ay).

sellipse - generatea super ellipseto subpixel accuracy CP( width, height, cx, cy, ax, ay, ex, ey).

shade - compute shadedimage from 3D surfaceTOS image CP(slant,tilt) using simple Lambertian
re ection assumptions.

fgab or - construct gabor Iter in fourier domain with certral frequency bandwidth and orientation
given by CP(gb_k, gb_b, theta).

fshade - constuct fourier transform of approximate shading cornvolution funtion CP(slant,tilt)
which matchesTOS roi, allows subsequeh Shape-from-shadingusing a variation on the technique
suggestedby Pentland.

In addition simple asci matricies can be read from le and corverted into imagesusing the input output
facility via selectionof the appropriate lename parameters.

8.14 CP defaults:

width

= 128

height = 128

CX
ax

Q
<
oo

64.0

32.0

64.0

64.0

32.0

64.0

= 0.0

= 0.785398 (45 degrees)
0.785398 (45 degrees)
16.0

=10

= 0.0

8.15 Standard Usage

The Imcalc Tool is a stack based image processorwhich allows the user to visualise the data and
coordinate a set of image manipulations which compute the desired output image, in the sameway that
one would enter a formula on a calculator.
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Example:

Fourier deconvolution of gaussian smoothed image.

Imcalc Tool quad

Imcalc Tool fft

Image Create delta (equivalent sized image)

Imcalc Tool gauss (sigma=1.0, range > 5.0) (or other deconvolution kernel)
Imcalc Tool fft

Imcalc Tool flp

Imcalc Tool / with IP(const = 128.0)

Imcalc Tool ffti

Imcalc Tool roi (select relavant quadrant)

8.16 Non-P arametric Image Subtraction

The non-parametric image subtraction algorithm described in TINA Memo no 2002-004is implemented
within the Imcalc tool asthe dscat button. The algorithm subtracts two imagesby constructing a joint
histogram, normalising it to produce a probability histogram and then, for ead pair of corresponding
pixels from the original imagepair, performing an integration alongthe column of the histogram de ned by
the pixel grey-level value from the top-of-stack image, summingall valuessmallerthan that at the position
de ned by the pixel pair. This is directly equivalent to constructing a con dence interval to generatethe
probability that the grey-level pairing of the pixels was not generatedby the samedistribution as the
bulk of the images. The algorithm is therefore ideal for detecting small changesin image pairs, sud as
enhancemen of MS lesionsbetweenpre- and post-GdDTPA cortrast agert injection.

The major advantage of the technique over simple image subtraction is that the resulting di erence image
can be interpreted directly asa probability image, with a uniform distribution (i.e. the probabilities are
\honest" in the sensethat they re ect frequenciesof occurrence). In addition, the di erence image is
not contaminated with consistert di erences betweenthe original image pair e.g. overall illumination
di erences.

The usageof the algorithm is asfollows:

Start a tinaT ool: the one supplied in tina-to ols as the example2toolkit is ideal for this. Start the
Imcalc tool and one of Mono, Stereo,or Sequence.Start four new tvto ols, and assignthem to the
imcalc, imcalc2, graph and mono, stereoor sequencerlvs.

Input two imagesthrough either the mono, stereo, or (usual for medical images) sequenceool.
Push both imagesto the stadk using the "push” button in the tool you usedfor input.

Scale both imagesto a dynamic range of 0-256, using the "scale" button in the Imcalc tool. If
both imagesare on the stack, you can do this by pressing“scale", then " p", then "scale" again,
in Imcalc.

Produce a compleximage by pressing“cmp” in the "image type" choicelist in the Imcalc tool.
Produce a scattergram by pressingthe "scat" button in the Imcalc tool.

Blur the scattergram a little by pressingthe "gauss" button in the Imcalc tool.

Ideally this should be done with a kernel roughly equal in sizeto the noise on the data: you can
ched the noiseby pressingthe "noise" button in Imcalc: the result will be displayedin the Imcalc
parametersdialog box asthe "const" eld: enter the samenumber in the "sigma" eld, and change
"range" to be roughly v e times larger then "sigma". Sigmais, of course,the standard deviation
of the Gaussiankernel used,and "range" is the sizeat which the kernel is truncated. The Imcalc
parametersdialog box can be accessedy pressing”Imcalc Params" in the Imcalc tool.
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Produce the subtraction image by pressingthe "dscat" button in the Imcalc tool.

This will produce the subtraction image in the imcalc Tv. The subtraction image should have a
at histogram: you can ched this by pressingthe "hist" button in the "Imcalc Mice" choice list,
and then drawing a box in the imcalc tv using the left mousebutton (click and drag). The result
will be displayed in the Imcalc graph Tv.

The subtraction image is a probability image, produced by a hypothesistest: pixels which are not
drawn from the samedistribution asthe bulk of the pixels in the image pair will have a low value.
Sudh pixels can be extracted using the thresh button in Imcalc. Pressthe "-1*" button in Imcalc
to invert the image, then enter the desiredthreshold in the "thresh” eld of the Imcalc Parameters
dialog box (hint: try -0.05asa starting point, to threshold the image at the 95% con dence limit).
Then press"thresh" in the Imcalc tool. This will set all pixels with lower values (i.e. higher
probabilities prior to the inversion)to O.
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Chapter 9

Edge Geom Tool

9.1 Intro duction

The Edge Geom Tool is an interface to those routines in the Tina system for performing edgedetection
and subsequeh pre-processingfor stereoand the recovery of 2D scenedescriptions (There are signi cant
changesbetweenthis tool and the largely equivalent Edge Tool which wasin version 4.0).

Two processingmodesare available, "mono" and "stereo" ; theserelate to the mono and stereomanage-
ment tools discussedin section 2 of the user guide .

Menus for controlling the Pick and Mouse facilities of assaiated Tv devicesare provided. In addition
"pop up" dialog boxesallow various default parameter settings to be manipulated.

Edge data and the 2D geometry recovered from it is now always displayed and manipulated (using the
mouse)in real image coordinates even when the edgesthemselveshave beenrecti ed into the equivalent
cameracoordinate frame (recovered using calibration data).

9.2 Standard Usage

The standard sequenceof button pressesfor stereoprocessingand the recovery of 2D geometry prior to
calculation of 3D measuremets (using either the PMF Stereo Tool or the Correlation Stereo Tool
) is givenbelow. It is assumedthat the imagesand cameracalibration data have already beeninput using
the stereo managemern tool. Tv display is optional (the edgetool can be run without it) and is again
the responsibility of the stereo managemen tool. If the Tv's assaiated with left and/or right images
exist (are currently installed on the Tv tools) their regions(s) of interest will be usedby the canny edge
detector.

For edgebasedstereo basedupon the PMF algorithm, rst make sure the Image Selection is setto
stereo images The processingorder is then

canny (edge detection and display)
edge rectify (transform the edges to parallel camera coordinates)
geom?2 (recover 2D geometry from left and right edges and display)

The resulting 3D geomery can be displayed and manipulated using the threed Tv found on the stereo
managemen tool.

The aread basedstereoalgorithm was developed after PMF in orer to incorporate temporal constraints
into the matching processand to make the algorithm suitable for hardware implementation. For area
basedstereobasedupon the multi-scale temporal stretch correlation algorithm, rst make surethe Image

Selection is setto stereo images The processingorder is then

im_rectify (transform the image to parallel camera coordinates)
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manually select rectangular regions of the two images for processing
using the {\it left} and {\it right} {it Tv} ROI facility.

canny (edge detection and display)

geom?2 (recover 2D geometry from left and right edges and display)

The resulting 3D geomerycan once again displayed and manipulated using the threed Tv found on the
stereo managemer tool.

9.3 Edge Geom Tool Buttons

This section describesead button on the edgetool

im rank Pre-processhe imagesto replaceead greylevel value with the local rank (within aregion
typically 11x11 pixels). This processsimulates the rst order e ect of change detection found in
the primate retina in a way which producesdata with approximately binomial errors. This is
sometimesmore suitable for input to correlation basedstereo matching than raw greylewels.

im rectify Transform both the left and right stereoimagesto cyclopeanco-ordinates. Don't expect
the imagesto still be certered in the left and right Tvs.

canny Linked canny edgesare obtained, to sub-pixel accuracy, for the selectedregion of interest.
The processis two pass(implementing hysteresis); rst the edgeswith an intensity gradient above
a low threshold are identi ed; then linked edgestrings that are ertirely below an upper threshold
are eliminated ( the remaining edgesare displayed in purple with blue termination points).

Edge paramaters:

Sigma The parameter of the gaussian convolution profile used
to smooth the image prior to the gradient calculation.
It essentially selects the scale of the edge detector.

Precision The ratio of the smallest stored value of the guassian
convolution profile  with respect to the largest. Lower
values give increased precision, larger convolution
masks and increased computation time.

Lower thres The lower contrast threshold (see above discussion).
Upper thres The upper contrast threshold (see above discussion).

Length thres A lower threshold on the lenght of connected edge strings.
Shorter sstrings are eliminated.

edge rectify Usecurrent parallel camerageometry ( recoveredfrom the calibration les) to update
the position of edgedata to be consistert with it. The actual storage location of eath image is
una ected. This processmust be performed prior to stereomatching and 3D geometrical recovery.

edge derect Reversesthe e ect of "edgerectify” to return position to the initial coordinate frame.

geom2 Performs geometrical approximation proceduresover ead of the linked edgesstrings
identi ed in the left image.

Geom2 Options
2D GeomFit poly: standard polygonal approximation algorithm.

linear: recursively identifies  the current longest
straight section, segments it, and applies
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itself to the remaining sections. The actual
line fit is done by orthogonal regression.
Sections between straight lines found by
"linear" are fit by "poly".
conic: recursively identifies  the current longest

conic section, segmentsit, and applies itself
to the remaining sections. The actual conic fit
is done using the bias corrected Kalman filter.
Sections between conics are fit by linear. All
conics are coerced to be ellipses.

linear/conic: [default]  first applies linear, then emplys a
few heuristics to identify groups of neighbouring
straight sections that could be conics and applies
conic to underlying edge string. Any conics that
are found are extended if possible into neighbouring
straight lines and/or conic sections (each new
section must be absorbed as a whole). This results
in unique descriptions for each edge string as
either a straight line or conic section.

2D Options join: after initial fit, try to combine conic sections
with other conics and/or straight lines that were
not necessariliy  neighbouring on, or even from,
the sameunderlying edge string.

Geom2 Parameters

Low fit thres Lower threshold or primitive fitting in pixels.
Can be sustained for short deviations of edge
strings from primitive.

Up fit  thres Upper threshold of primitive fitting  in pixels.
Can not be violated.

9.4 Pick and Mouse Men us

Pick and mousemerus exist for eac of mono, left and right Tvs. Theseare usedto selectpick and
mouseactivit y of their respective Tv devices(seemono and stereotools and other relevant sections
of the user guide for details). They provide facilities to select, display and print edgedata and
geometry. Other tools (e.g. the mono and stereotools) are also able to changethesemouseand/or
pick facilities. Selecting pick and mouse facilities setsthe appropriate activity on the assaiated
Tv tool is it exists.

The following pick facilities exist for ead Tv device.

PICK:

MONO edge: output relevant values of the selected edge.
LEFT edge: output relevant values of the selected edge.
RIGHT edge: output relevant values of the selected edge.

Mouse facilities are only currently implemented for left and right Tvs.
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MOUSE:

LEFT
RIGHT

epi:

rast:

use currently defined parallel camera geometry

to compute the pair of epipolar lines (in left

and right images) that pass through the current
mouse position and draw them over the extent of

the left and right images. Uses only the left

mouse button and can be dragged (on button release
the final epipolar pair is displayed until the next
repaint call to the Tv).

display the left and right image rasters (horizontal
image lines) that pass through the current mouse
position on the left and right image Tv tools. Uses
only the left mousebutton and can be dragged (on
button release the final epipolar pair is displayed
until the next repaint call to the Tv). Note that
zooming/shifting  of left and/or right hand Tv does
not affect the position of the raster with respect
to the underlying image (although it will shift their
position with respect to the Tv itself).
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Chapter 10

Corner Tool

10.1 Intro duction

The Corner Tool is an interface to the routines in Tina system for performing corner detection
and processingincluding stereoand recorvery of 2D and 3D point basedscenedescriptions (Tina
memo 1993-001). Two processingmodes are available mono and stereo; theserelate to the Mono
Tool and Stereo Tool data managemen systemdescribed in other sectionsof this manual. For the
most part, image and feature display managemei are the responsibility of the Stereo and Mono
Tools.

Parameter dialog boxesare provided for altering a number of corner detection and stereomatching
parameter settings and thresholds. Pick and Mouse facilities of assaiated Tv devicescan be
manipulated to select, display and or print corner data, stereo data and epi-polar geometry in
exactly the sameway as for the Edge Tool.

10.2 Standard Useage

The usual sequenceof button pressesfor stereo processingand the recovery of 3D geometry (as-
suming image data and calibration les have aleady beenloadedin the Stereo Tool) follows.

First make sure thet the image selectoris set to "stereo" imagesand that a region of interest for
left and right imageshas beenselectedas required. Then

corner
rectify
stereo
geom

Temporal matches can be obtained in either mono or stereo modes. For mono mode simply run
the corner detection on the selectedregion in the mono image, load the next image and repeat
detection and then press"temporal". Matchesare displayed in their detectedlocationsin the two
original imageson the Mono Tvtool. The repetition of the stereodetection and matching process
on atemporally similar set of imagesallows stereo/temporal matching to be performed. No display
facilities are yet available for this process.

10.3 Pro cessing Functions

{ corners. The corner detector implemented hereis our own version of the Plesseyalgorithm
developed by Harris and Stevens. This involves the generation of a corner strenth image,
followed by maxima detection and peak tting to obtain the cornerlocations to sub-pixel ac-
curacy. Although detected cornersdo not always correspond to intersection verticesidenti ed
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by edge tting they still provide accurate positional information at reproduceablepositionsin
the image from three dimensional objects. Other corner processoramay give locations which
are more consistert with edgedetection processes.

sigma : The parameter of the Gaussian convolution profile
used to filter  the image prior to corner detection.
This effectively  sets the minimumscale of detected
features.

precision : The ratio of the smallest stored value of the Gaussian
convolution profile.

rectify . Usethe current stereo camerageometry to compute the recti ed locations of eath
corner. This processmust be performed prior to stereo matching and geometry recovery.
Recti ed locations are added as extra data to the existing structure so that the original
location of ead corner is presened. There is thus no needfor the equivalent derecti cation
processin the Edge Tool.

stereo. A correlation based matching algorithm that matches corner features which are
consitert with the current parallel camera geometry. As this method is correlation based
there is a fundamertal requiremert that the local image patch surrounding ead corner is
similar. Thus cornerson extremal boundarieswill normally not be sucessfullymatched.

Stereo Parameters:

lowdisp : The lower limit of the allowed disparity range in
fractions of image width from the centre of each
region of interest.

updisp . The upper limit of the disparity range.

width : The epi-polar band width used to define the valid
matching area (set large for poor camera geometry).

correlation  : The minimumcross correlation  measure required between
corners for them to be regarded as candidate matches.

uniqueness : The minimumdifference in correlation values between
candidate matches before a match is labelled ambiguous.
This parameter is particularly important in regions of

many similar  features where the likelihood of getting a
missmatch is high.

temp oral. As corner features are well located in both directions on the image plane they
can be matched betweentemporal frameswith relatively weak assumptionsabout the relative
transformations betweenimages.

Temporal Parameters:

height : Maximumvertical  shift allowed between successive
locations of a corner in the image plane relative to
the centre of the region of interest.

width : Maximumhorizontal  shift.

geom. Compute the 3D location of uniquely matched stereocornersand make them available
for display in the threed Tv.

10.4 Pick and Mouse Facilities

Pick and mouse merus exist for eat of the mono, left, right and threed Tv tools. These provide
facilities to select, display and print corner data and geometry. Other tools (eg mono and stereo)
can also modify thesefacilities.

The following pick facilities exist for ead Tv device
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MONO corner

¢ match :

LEFT corner

¢ match :

RIGHT corner

¢ match :

THREED print
choose
delete

output measured parameters of selected corner.
display selected matched corners.

output measured parameters of selected corner.
display list of candidate matches for selected corner.

output measured parameters of selected corner.
display list of candidate matches for selected corner.

print measured parameters of selected geometric feature.
keep selected geometric features.
delete selected geometric features.

For the stereoleft and right Tv tools the corner option, when usedin conjunction with the middle
mouse button, will add the most recertly selectedpair of selectedcornersinto the stereocorner
matching data structure thus facilitating the possibility of manual matching for di cult scenesor
sceneswithout a good initial calibration.

Mouse facilities are implemented for left and right Tv's.

LEFT

RIGHT  epi

rast

use currently defined parallel camera geometry to compute
the pair of epi-polar lines that pass though the current
mouse position and draw them over the extent of both
images. Uses only the left button which can be dragged.
Lines displayed on release remain until a redraw.

display the left and right image raster at the current
mouse location.
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Chapter 11

Calib Tool

11.1 Intro duction

The calibration tool Calib Tool supports calibration of a stereovision system. The tool comprisesa
calibration grid matcher, a number of calibration techniquesand calibration monitoring facilities.
In this software image plane errors are minimised iterativ ely and robustly from aninitial estimate of
the calibration (Tina memo2000-009). The technique permits the selectionof arbitrary parameters
a-priori and can also deal with radial distortion e ects. The methods also permit the estimation
of calibration parameter covariancesfor the purposesof optimal combination. The samesoftware
can also be usedfor the more standard tile basedcalibration techniques, such as Tsai.

Parameter dialog boxes are provided for altering a number of algorithmic parameters. Calibration
is carried out with a local version of the cameramodel which can be copied from and bac to the
global model usedin the stereovision modules within Tina.

The left and right camerasof a stereo system can now be calibrated using the wire-frame models
(Tina memo 2006-007). These models have been extendedto encade occluding boundaries (lines
between conic cross-sectionsjand lateral feature shifting. Lateral shifting is important in order to
obtain good alignmerts to featuresin curved objects lit by arbitrary illumination. Good alignment
is essetial for statistical testing of feature visibilit y.

The recommendedstrategy for wire frame model constrution is a s follows;

{ manually generatea wire-frame .poly le, obtain multiple stereoimagesof object.
{ manually align the model to imagesand calibrate.
{ useoutput data to construct view les.

Automatic alignment by the model matcher will be progressiwely supported as more views are
added. More information is available in the calibration demonstration directory.

11.2 The Camera Mo del

A non exclusive selectionbox is provided at the top of the tool to allow cameramodel parameters
that are to be calculated to be de ned. It includes:

F . The focal lengths of the cameras.
Cx and Cy : The centre of the camera's imageing plane.
Ax and Ay : The aspect ratios.

dsrt : radial (or other) distortion  parameters.
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The params button provides accessto the numerical values of these selectedparameters plus the
parameters of the between camera stereo transformation. For some calibration tasks it is neces-
sary to X the stereo parameters and this can be achieved by setting them to zero values (the
minimisation routines useddo not modify parameterswhich are setto zero).

11.3 Tina Interaction

{ get calib. Fetch the current calibration into the calib tool, if one exists.
{ set calib. Replacethe current Tina claibration with the onein the calib tool.

11.4 Input/Output

{ input cam. Input a set of calibration les referencedby the Calib Filename text string (eg
calib_le). There are three les that will be searded for and read if preser.

calib_file.l.cam : Full left camera parameter description.
calib_file.r.cam : Full right camera parameter description.
calib_file.s.cam . Stereo transformation and free parameter

covariances.
In addition the inputted les are duplicated in

calib_file_save.l .cam
calib_file_save.r .cam
calib_file_save.s .cam

in order to prevent accidertal loss.
{ output cam. Output the calibration les speci ed by the Calib Filename text string.

{ store geom. save a le of matched image coordinates (left and right) and assaiated 3D
data (seven numbers per data point left image x,y, right image x,y, and 3D x,y,z) to the le
speci ed by the Base Filename text string (eg calib_grid). The le is appendedwith ".cor".

{ restore geom. read a saved data le specied by the Base Filename text string. The data
is ltered on readingto ched for consistencywith the current data model. Data points are
removed if both camerashave a reprojection error greater that the parameter "accuracy".
This facility is mainly usedfor iterativ ely removing outliers from the calibration data during
the calibration process.

11.5 Pre-Pro cessing

{ init. Freeup all locally stored calibration structures including the 3D geometry structure
created by the grid processthe current calibration structures and the curent covariance ma-
trix.

{ grid. The grid matching routine is designedto locate the vertices of our in-house calibration
tile, and match them to a set of 3D positions stored in the le speci ed by the Base Filename
text string. Edgesmust rst have beendetected using the "canny" routine in the Edge Tool,
it helpsto run this processwith slightly higher threshold parametersthan normal to remove
extraneousnoise. Vertex matching is achieved by the following algorithm;

a) The canry strings are approximated by straight sections(as in the Edge Tool) according
to the "t thres" parameter.

b) Co-linear line segmeits are sough in the imageusing a perpendicularity threshold speci ed
by "co thresh" (in pixels).

¢) Groups of co-linear lines are joined together to form longer sectionsif the endpoints are
closerthan "join thres" (in pixels).
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d) Resulting setsof co-linearlines are comparedagainsta set of stored 2D projectiveinvariants
for horizontal and vertical line intersectionsfrom the known grid model to identify the lines
comprising the grid surface. This processis cortrolled by the "grid thres" parameter (allowed
deviation from the reprojected model in pixels).

e) Identi ed lines are ordered and labelled starting from the top left hand corner of the grid.
Intersections of mainly horizontal and mainly vertical lines are then taken to calculate the
sub-pixel location of grid verticies in the image. Thesevertices are displayed. Faliure of the
algorithm is signaledby an incorrect number of recovered horizontal and vertical grid lines.

{ corners. Use matched corners from Corner Tool to construct local data structures with
which to perform epi-polar calibration (seeEPI min).

{ bf model Running the "model" initialisation in the Calib Tool will test all results from the
model matcher and choosethe one with the maximum proportion of a set of samplefeatures
passingthe hypothesis tests (pixDep = 10 seebelow). Alternativ ely, a speci ¢ match can
be selectedusing "Mo del No". A previous alignment can be re-instated by loading the
appropriate calibration. This transformation is then applied to the left and right cameras.

11.6 Calibration Metho ds

There are seweral calibration proceduresavailable. The choice of these will depend on how the
calibration data has been obtained and how much a-priori information needsto be taken into
accourt.

{ Tsai. This routine takes obserwed image locations and known 3D measuremetsand ts a
model to the left and right camerasseparately using Tsai's calibration method (on grid data
only). The technique doesnot determine image certres or aspect ratio's and does not deal
with radial distortion e ects. Though the algorithm can often be usedto provide a good
initial estimate it is neither optimal or robust and model optimisation should be nished
using alternativ e techniques.

{ IP min. This routine performs direct image plane minimisation of the di erence between
the obsened and predicted locations of selecteddata. Left and right calibration is performed
separatelywith respectto the speci ed "Mo del" cameraparametersand the six parametersof
cameratransformation. The method usedis an iterativ e minimisation technique which starts
by choosing test values around an initial estimate according to the parameter "scale init"
on the Calib Params menu. Convergenceis determined by the Calib Params "c _test1" and
"c_test2". The rst parameter tests for corvergenceof a minimisation step, minimisation is
restarted until the overall reduction in the error function is letts than the secondparameter.
The technique also excludesdata which is inconsistert with the current calibration according
to the value of the "accuracy" parameter. The technique is thus performing a robust t which
explicitly excludesoutliers from the determination of the minimum.

{ IS min. This routine performs direct image plane minimisation of the di erence between
the obserwed and predicted locations of selecteddata. Unlike the routine described above
however, left and right camerasare calibrated simultaneously. This allows previously deter-
mined covariance estimatesto be usedto constrain the new solution in an optimal manner.
Parametersare the sameasfor IP min .

{ EPI min. This routine performs least-squareso epi-polar minimisation. The routine thus
determines the left and right camera models which are most consistert with the obsened
stereogeometry. The absenceof 3D information dictates that this method can only provide
information on the ratio of the two focal lengths and the relativ e transformation betweenthe
cameraco-ordinate systemsup to a scalefactor and this only whenethere is a fair amount
of perspective e ects in the matched image data. A covariance estimate from a previous
calibration must be usedto constrain the minimisation process(seeinit covar below) when
extra parametersare selectedor the data is insu cien t to uniquely determine the parameter
set.
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{ Mo del min. This routine projectsthe featuresof a wireframe model (loadedin the Matc her
Tool) from the view direction speci ed by the current calibration parameters. It then adjusts
the parametersto get the maximum likelihood projection. This processis done for separate
camerasand does not yet usethe stereo cameracovariance. It's main purposeis view and
feature validation for automated model construction.

11.7 Covariance Computation

Optimal combination of calibration parameters requires the estimation of covariances from the
combined e ects of previous ts. This processis supported by the following functions.

{ init covar. This routine removesthe current covariance estimate and replacesit with a
"weak" estimate, too small to constrain subsequen tting exceptin those circumstances
where there is no constraint on the parameters (seeEPI min ). This processis su cien t
to constrain the minimisation solution to one which is closeto the initial estimate without
unduly a ecting the quality of the resulting t residuals.

{ full covar. This routine calculatesthe stereocamerainversecovariancematrix for the current
setof Model paramters around the current estimate. This inverseis then usedin all subsequen
calibrations until it is either updated or cleared. The integrity of the calculated covarianceis
chedked and the diagonal elemerts of the product with the inverseis prited in the main tool
dialog window. All elemers should be closeto 1.0 or 0.0. Faliure can sometimesbe recti ed
by modi cation of the "condition” parameter. The magnitude of the calculated covariance
is scaledby the "accuracy" parameter which should be set to the expected feature location
accuracy (estimated from the residual plots epi-cerr ). This allows combination of data from
di erent feature sourceswhich may have di ering intrinsic accuracies.

{ epi covar. This routine calculatesthe stereocamerainversecovariancematrix for the current
set of Model paramters around the curent estimate but only for contributions to the model
constraint from o epi-polar errors. This routine should thus be usedto update the covariance
matrix only after minimisation with EPI min .

11.8 Calibration Errors

At ead stagein calibration it is advisableto visualisethe residualson the data in order to determine
the adequacyof the set of tted model parametersin describing the data. Seweral utilities are
provided by "calib plots" for this purpose.

{ graph tool. Popup anew graph Tv for current use.

{ rdist. Graph the radial residula errors in the graph Tv. Left cameraresiduals are in red
and right cameraresiduals are in blue. Any e ects due to radial distortion will manifest
themselvesas a systematic curving of thesedistributions. With a small amount of experience
this plot can be usedto visually varify the adequacyof a calibration.

{ epi-err. Plot a histogram of errors perpendicular to the epi-polars. As this measureis
completely independert of 3D model assumptions,this distribution can be usedto estimate
the mean location accuracy of calibration features.

{ x-err. Plot a histogram of errors in the x direction (and therefore approximately along the
epi-polars).
Additional information regarding statistical distributionc can also be viewed in the Histogram
Tool.
The additional fucntionality is also provided.
{ 3D geom. Install the current 3D geometry usedin the calibration for viewing in the Tina
system 3D Tv tool.
{ model proj. Project the current model view and display hypothesisresults (seebelow).
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11.9 Grid Calibration

The calibration grid should be placein front of the two camerassothat it is fully visible in both
images. These imagesshould then be preprocessedwith the Canny operator (Edge Tool). The
grid should be viewed so that the rst elemen of the grid data le corresponds to the botton
left hand vertex in both images. lllumination should not saturate the imagesas this can result
in badly estimated (even systematically shifted) edgelocations. The tile should be inclined at
approximately 30 degreesto the camerasfocal axis for best results (some degreeof perspective
distortion is necessaryfor good parameter estimation).

The vertex positions should be located using the "grid" process.Failiure to recover any full line of
vertices acrossthe grid signalsincorrect termination, though a few missing vertices here or there
can be tolerated.

Obtain an initial estimate of the calibration model (eg read in an old le). This should be either
an initial guessof all parameters(in which caseyou can move on directly to "IP min") or a very
good estimate of image certres and aspect ratios.

Usethe Tsai algorithm to obtain an initial estimate of the remaining parameters.

Image plane minimisation should be attempted with a simple cameramodel (ie only focal length
included from the model parameter choice menu). Note that when calibrating with a grid, image
certres are nearly always very badly determined sotheseshouldbe either switchedo or constrained
using a covariance matrix. On no occasionshould it be necessaryto include both the x and y
aspect ratios in the model as either one plus the focal length parameter is su cien t to provide a
full parametric description of a projective model.

After calibration the residual distributions should be examined. For good data radial distortion
residuals should form a narrow band (less than 1 pixel across)down the certre of the plot. If
recalibration is necessanthis can proceedfrom the current estimate but may require the inclusion
of more model parametersto obtain good results.

When a sucien tly good calibration is achieved the inverse stereo covariance matrix should be
computed and written to le. Subsequen recalibration of the same xed camerasystem can then
be combined with this current estimate usingthe IPS min process.Copy the resulting calibration
badk to the Tina systemfor usein the stereo matching processas required.

The facility to useradial distortions has not yet been fully integrated into the stereo matching
algorithms in Tina. The e ects of this distortion can be visualisedby calibrating with and without
this degreeof freedomin the model.

11.10 Calibrating Arbitrary Stereo Images

The initial stagesfor this calibration procedure are the same as for grid calibration. However,
instead of using the the Edge Tool and grid matching calibration data is obtained from matched
stereo corners in the Corner Tool. Read in an initial calibration estimate as previously. then
initialise the full covariance matrix and minimise using EPl min . Visualise the residuals using
epi-er .

11.11 Mo del Based calibration

Information contained in the " le. gnn" les supplemers the basicwire frame model " le.p oly" by
specifying the half-conics, lines and boundariesvisible from speci ¢ directions. This set of features
is referred to as a cliche. Both les must be loaded via the Smm Matcher Tool.

The standard cameracalibration data structure contains transformation parameterswhich specify
the location of the optical certre of the camerain the co-ordinate systemof the calibration reference.
When applied to object model the transformation therefore correspondsto that which will project
the model into the image. Model basedcalibration can be initialised in one of two ways. Firstly

the wire-frame object can be manipulated in the Model Tv assaiated with the wire-frame model
matcher until the view approximates the orientation of the object in the left image. Secondly an
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estimate of the transformation is available following a successfulmodel matching with the Model
Tool.

The resulting transformations for both camerascan be visualisedby setting the Model Parameters,
Project option to "all/prin t* and using the "model proj" function. This will project all featuresin
the absenceof speci ed view cliches. Use of the "cliche" option will project the featuresfrom the
closestavailable cliche to the direction to the transformation. Points passinghypothesistests are
coloured green, those failing are blue.

11.11.1 Mo del Parameters

Feature No; speci es a single feature from the wire-frame model for display, a value of zero selects
all features, and negative numbersidentify occluding boundaries.

Starting from a close initial transformation, the "Model min" routine will adjust for the best
alignment in both images. Debug plots for sample distributions of Likelihoods and hypothesis
tests are made available for viewing in the Histogram Tool.

"gradient/v ariance" options specify the form of edgemodel used. The former being a step edge
and the latter local image variance computed as a di erence of Gaussians.

The "edge/orient” choice menu speci es the hypothesisand likelihood terms.

Optimisation is determined by minimising a cost function in three parts which are separately
weighted by the; scaleedge,scaleangle and scaleshift parameters. The theoretical value for eath
is 1. Other factors are:

Shift factor (1.0); baselateral shifting, asspecied in gnn les, is multiplied by this factor when
applied up to a maximum shift of 15 pixels.

pixSep (2.0); mean samplerate in pixels along lines and ellipses.
pixDiv (1); samplesper pixel in lateral shift direction.

OrrErr (0.02); Quantitation of the image into pixels restricts orientation accuracy on measured
points. This parameter speci es this limiting accuracy

Hypothesisveri cation (not aliment) is cortrolled by;
hyp_limit (0.01); The test for point detection.
% thresh; speci es the proportion of a curve which must be present in order for it to be displayed.

11.11.2 Recommended settings

The default settings are theoretically motivated and generally adequate for most purposes,the
parametersare presert on the interfaceto support evaluation. However, localisation and hypothesis
testing are distinctly di erent tasks requiring di erent parameters.

For calibration alignment, Edges= "variance", Boundary = "on", Model = "edge", Project =
"cliche". Others setto default.

For hypothesistesting, Edges= "variance", Boundary = "on", Model = "edge and angle", Project
= "all/prin t", PixSep = 1.0, scaleangle = 0.5 for re ecting (chrome) objects. hyp_limit = 0.02,
% thresh = 30. Featurespassingthe hypothesistests will be printed to standard output in a form
suitable for direct inclusion into view les.
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Chapter 12

PMF Stereo Tool

12.1 Intro duction

The PMF Stereo Tool provides an interactive facility for performing stereo processing. It is de-
signedto be usedin conjunction with the Edge Geom and Stereo managemer tools to explore
various edge based stereo matching strategies. This tool is an alternative to to the area based
Correlation Stereo Tool. As a prerequisite the user should perform edgedetection and recti cation

in the Edge geom Tool, the PMF Stereo Tool can then be usedto complete the generation of 3D
geometry. The user has the choice of either following the Default processingsequenceor taking
control of the various matching constraints. Manual matching will not be as fast as using the
standard routines becausethese versionsof the algorithm are not optimised. In particular useis
not made of the "blo cked" memory allocation facilities available in Tina (seeProgrammersGuide).

Esserially there are four stagesto stereomatching.

{ Form stereoindex.

{ Build match and match support structures.

{ Compute match support scoresfor eadh match.
{ Selectstrongest matches.

In addition disparity histogramming can be usedto initialise local match rangesfrom the distribu-
tion of all possiblematches.

Within stages3 and 4 it is possibleto oneof a number of di erent modules. More than one support
module can be usedbut only a single selection. After selection, alternative matchesare no longer
available and it is necessaryto reset the matches and recompute support if an alternativ e stereo
selectionis required.

12.2 Initial Matc hing

{ index edges. Form the stereoindex, a raster basedindexing schemethat forms lists of short
edgestrings broken at epi-polar tangencies. This ensuresthat ead sting will crossead raster
only oncein parallel camera coordinates. Edgesmust be rectied prior to this stage. The
stereo matcher will then limit potential matchesto those strings which cross corresponding
epi-polar rasters. It is possiblefor the sameedgestring to be indexedthrough adjacert rasters
of the index if the recti cation processproducesaliasing of the edgestring.

{ disp hist. Perform aninitial coarsescaleddisparity histogram (using a subsetof edgedata),
from which a consenative lower disparity range is recovered for eac image region. The
default otherwiseis to usethe whole disparity range de ned by the extent of both images.

Histogram options are;
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Match all  mats let all matches contribute to the matching.
abs or let only matches within the allowable range of
absolute orientations  contribute to the histogram.
orient let only matches within the allowable range of
absolute orientation and of the samecontrast sign
contribute  to the histogram.
or+con let only matches within the allowable range of
absolute orientation and similar value of signed
contrast be included in the histogram.
Parameters : Lowdisp (lower limit of fractional image width disparity)
Up disp  (upper limit)

set matc hes. Form potential matchesbetweenshort edgestrings accessedhrough the stereo
indices acccaiated with left and right images. Matches are sough over the default disparity
range or that recovered by disp hist . At most one match is recoverd for ead short edge
string from the left image with respect to ead overall edgestring from the right (allowance

is made for edgestrings that meanderacrossthe sameraster seweral times).

Matching options are;

Match all  mats construct all matches.
abs or construct only those matches within the allowable
range of absolute orientation.
orient construct only matches within the allowable range
of absolute orientation and of the samesign of
contrast
or+con construct nly matches within the allowable range
of absolute orientation and similar value of signed
contrast.
Parameters : Lowdisp (lower limit of fractional image width disparity)
Up disp  (upper limit)
Vert Disp (vertical raster disparity tolerated)

12.3 Cost Options

The following cost options are available, but not all of them can be usedby the Stereo Test Tool

at presen. They are usedto
section).

accessthe previously calculated and stored match support (next

null use default matching strength of match
match use current match weight

string use current string matching strength
sub str use current sub string matching strength
area use current area based matching strength

Initially the matching weight is set to the default and all other matchesare setto zero.
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12.4 Matc h Supp ort

The following buttons compute and allow the exchange of match support. It is possibleto usea
number of them, and ead of them more than once. Each usesthe costoptions (above) to determine
which currently stored support valuesto accunulate.

{ ordered. Use dynamic programming to set match strength of eadh match. Matches not
included in the optimal cost path have strength setto zerootherwisethey are resetto default
matching strength.

{ string tot. Accumulate support along globally matched edge strings and set matching
strength of eadh included match.

{ ogural tot. Accumulate match support gurally along edgestrings in the left image and
set string matching strength of eac match. Figural support ofr eac match is detemined
from the combination of support o wing in ead direction alongthe left edgestring from near
neighbour compatible matches. Where compatibilit y is determined by disparity and disparity
gradient limits.

12.5 Choosing Matc hes

The following buttons perform match selection. Only one of them can be used as they result in
chosenmatchesis selectedand all other potential matchesare rejected. Each usesthe cost options
de ned above to determine which currently stored support value to useas the basis of selection.

{ wta. Use winner take all strategy (WTA) along rasters to select matches. Most strongly
supported matchesare st chosen. Inconsistert matchesare then eliminated. This continues
until all matchesare selected.

Options;

WTA unique : Enforce uniqueness with respect to left and right
images. (Inconsistent  matches are those which
violate  uniqueness).

order : Enforce ordering constraint between left and right
images. (Inconsistent  matches are those which
violate order).

{ DP order. Usedynamic programmingto enforcethe ordering constraint alongthe epi-polar
raster.

{ string tot. Selectmatcheson the basis of globally matched edge strings, with respect to
ead left hand edgestring. Each partial edgestring in the left image obtains a unique match
subject to the condition that the most strongly supported match strings are selected rst.
This doesnot inforce order or uniqueness.

12.6 Mouse Activit y

Pick and mouse menus exist for Left and Right Tv's. These are used to select pick and mouse
activities on their respective Tv devices.

Pick;
None currently  available.
Mouse;

RIGHT order : allows interactive examination of matches
that would be selected on a particular  epi-polar
raster by the dynamic programming (order preserving)
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selection algorithm. It does not actually select the
matches. Only the left button is operative, down

and drag displays epi-polars and up overlays selected
matches using colour coding to discriminate  matches.

12.7 Default stereo matc hing

stereo A simple and e ectiv e stereoalgorithm derived from PMF that works reasonablywell.
Stereo Options

Disparity  range uniform: using whole displarity range everywhere
over the image.
histogram: [default]  perform an initial coarse scaled
disparity  histogram (using a subset of edge
data) from which a conservative lower disparity
range is recovered for each image region (again
coarsely quantised).

Stereo Parameters
Lower disp The lower limit of the disparity range.

Upper disp The upper limit of the disparity range.

init geom3 Delete the current geometry estimates (this facility is provided in order to permit

summary of multiple 3D estimates, including those basedon corner features).

geom3 Combined 2D geometry and stereo matchesfor the underlying edgestrings to obtain 3D
line sections. The tting of disparity to lines is performed in the rectied coordinates. That is
edgesmust be recti ed prior to both stereo and geom2 (the actual order of stereo and geom2
is unimportant). The 3D geometry is with respect to the coordinate frame of the left camera of
the imaginary camera geometry (it sharesits origin with the true optical certre of the real left

camera).
Geom3 parameters

3D fit thres Threshold on deviation from 3D primitive in
disparity  space (pixels).

left Transform 3D geometryfrom left hand recti ed parallel cameraframe to true left hand camera

frame.
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Chapter 13

Correlation Stereo Tool

13.1 Intro duction

The Correlation Stereo Tool allows the correlation based matching of stereoimage pairs. It is a direct
substitute for the PMF Stereo Tool, basedon more extensive developmen and testing. The algorithm
was speci cally developed with hardware implementation in mind (Tina memos1994-002and 1995-001).

The similarity measureused by the correlator is user selectableas is the correlation algorithm. The
available algorithms are all basedon nding similarity between small regionsor blocks in the left and
right images. The imageblocks usedfor correlation can bethe original images,or they canbe derivedfrom
warped blocks of the original images. There are two methods of image warping techniqgueswhich can be
used: stretch correlation and shearcorrelation. In addition to the correlation functions, there are various
image preprocessingtechniques which can be employed prior to correlation, typical image preprocessing
for edgebasedstereo matching might include horizontal gaussiansmoothing, and enhancemen of non-
horizontal edges. The range of preprocessingavailable covers a very large subset of the techniques
investigated in the published literature, allowing a wide range of alternativ e approachesto be evaluated
for speci ¢ data sets.

One key feature of this approad is that the results of stereo processingare available to subsequeh
analysis. This allows the algorithm either to be iterated in order to re ne the set of matches found,
or to be usedin a temporal context, where the results of previous frames are usedto constrain the
next stereomatch. This givesreal bene ts in the reliabilit y of match results over single frame solutions
(Tina memo2003-009). More information and referencego published literature is available in the stereo
demonstration directory.

13.2 Standard Usage

A stereoimage pair along with the appropriate cameracalibration is read into Tina via the Stereo Tool.
Regionsof interest are setup via the Tvtool or read in via Read roi, thesewill de ne the subsequenh
working area within the image pair. The imagesare transformed to cyclopean co-ordinates and edges
detected (seethe Edge Geom Tool). The following minimal button sequencemust then be used:

Prepro c. Perform edgedetection and edgeenhancemeh

Correlate. Perform StereoCorrelation on the preprocessedmagesand generatea disparity image
map which correspondsto the left image.

proj disp Store the results of matching in the 3D output geometry as disparity spacemeasure-
merts, for viewing in the Threed Tv.

This processis an alternativ e to using the default stereo matcher (stereo). The resulting matches can
be usedto determine quartitativ e 3D measuremeh using the geom3 button and assaiated functions
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(seebelow).

13.3 Stereo Correlation Matc hing

13.3.1 prepro c params.

Preprocessingof the sourceimagesto enhanceedgeinformation is performed as well as edgedetection.
The enhancemen technique usedis determined by the enhance choice selectionand the parametersset
up by the Cor params dialogue box. Enhancemen can be any of:

Dx gauss. Horizontal first differences followed by horizontal gaussian
smoothing with distribution width = sigmal.

Dx. Horizontal first  differences.
DoG. Difference of gaussians filtering with  DoG= k1 x G_sigmal
+ k2 G_sigma?2.
grad Summedquares of vertical and horizontal derivatives (needed for complete 3D data extractio
None. No preprocessing.

The DoG parametersare usedby prepro c.

The edgedetection is performed automatically and the number of edge pixels within the block is used
(in the absenseof an input disparity image) to determine whether a block contains enoughinformation
to attempt correlation.

13.3.2 Correlate.

The images are correlated using the similarity measurespeci ed by cor _typ e, this could be any of
dotpro d, eucidean or mad (mean absolute distance). The seard range, block height and width are
setup in the cor params dialogue box. In addition to the di erent similarity measures;the correlation
algorithm can be either shear, stretc h or fast stretc h, the parameters of which can also be set up in
the cor params dialogue box. The fast stretch algorithm is more e cien t than the standard stretch
algorithm but givesless exibilit y in terms of output and similarity measure,however, for large valuesof
range it speedsup the experiment consiserably

correlate params The following parameters can be accessedvia the interactive dialogue box labeled
Cor params :

Heigh t, Width . Dimensionsof correlation blocks.

Stretc h, Compress . De nes the limits of the stretch algorithm. Both must be positive or zero, and
compress should not be bigger than width/2

Shear. De nes the range of valuesfor the shearalgorithm. This number, must be positive.

EDelta. During the creation of the output disparity, a compatibility criterion exists whereby an edge
must be presen, to within  Edelta, when the disparity estimate is projected into the right image.

Range. The disparity seart range. The seard takesplace over initial ~ range, whereinitial is supplied
by either the input disparity image or is estimated from the regionsof interest.

CtF Scaling The stretch correlation algorithm is run initially on a down sampledversion of both stereo
images,inorder to homein on the solution which is consistert acrossscales.This choicemenu determines
the greatestlevel of down sampling used.
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13.3.3 disp drad.

Having obtained a disparity image from typically Edges or Corners the data can be viewed using
Displa y 3D. The 3D projection of the data may contain points which are visibly incorrect. A lter for
the incorrect data which usesthe disparity gradient limit can be applied to the disparity image. The
parametersof Disp Grad are accessiblevia the Disp Grad Params dialogue box.

disp grad params
The following parameters,usedby Disp Grad , can be accessedy this dialogue box:

Limit. The smaller this value is, then the larger the amount of rejected data. Psycho-physicsreseart
suggeststhat a value of 1.0 is usedin the human vision systemas a limit for stereofusion, and a value
of greater than 2.0 along an epipolar represens order reversal.

Must Pass %. The disparity gradient test is binary with respect to the imposedlimit, the percertage
of the surrounding points with which the data point in question must passis de ned with this value. In
normal scenesa point will not be expectedto passthe disparity gradient test with 100

Nearest N. This number de nes the N nearestpoints on which the disparity gradient test will be applied.
The seard path is a rectangular spiral outwards from the data point in question.

When setting up theseparametersa tradeo must be found betweenremoving all of the incorrect points,
which fail the disparity gradient test, and removing to many correct points which alsoviolate the disparity
gradient test. Bearing in mind that experimental error is increasedboth by including incorrect data and
by discarding correct and potentially useful data points.

13.4 Default stereo matc hing

stereo An e ectiv e stereoalgorithm with default parametersas published.

init geom3 Delete the current geometry estimates (this facility is provided in order to permit
summary of multiple 3D estimates, including those basedon corner features).

geom3 Combined 2D geometry and stereo matchesfor the underlying edgestrings to obtain 3D
line sections. The tting of disparity to lines is performed in the rectied coordinates. That is
edgesmust be recti ed prior to both stereo and geom2 (the actual order of stereo and geom2 is
unimportant). The 3D geometryis with respect to the cyclopeanframe of the left camerageometry.

Geom3 parameters

3D fit thres Threshold on deviation from 3D primitive in
disparity space (pixels).

left Transform 3D geometryfrom left hand recti ed parallel cameraframe to true left hand camera
frame.
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Chapter 14

Matc hing Tool

14.1 Intro duction

The MatcherTool provides 3D model creation and matching facilities. The model matcher also computes
the transformation which takesthe model into the scene. The model matcher basesits initial matching
hypothesesupon partial congruencieddenti ed betweenscenedescriptionsand subsetsof featureschosen
from the model. Each sud subset (or "group") of model features provides a matching context/clic he.
This embodies certain viewpoint dependenciesand allows the computational expenseof exhaustive searh
to be avoided. Furthermore, in order to reduce complexity yet further, a single feature in the group, the
focus feature, is required to have a good match at all times (Tina memo 2003-006).

Models and their matching contexts (focus features and assaiated groups) can either be read from les
(seeAppendix for a de nition of the format of these les), generatedat run time, or a combination of both
(the model read from disc and the allowable matching contexts determined at run time). Oncethe model
has beenobtained the processof matching it againsta current scenedescription (assumingit has already
beenobtained in the usual way using the Edgetool) has2 stages. The rst isto build a pairwise relations
table for the model and scene;this corntains information about the invariant relationships between pairs
of features. The secondis to perform a constrained seard over the tables of the model and sceneto
identify cliques of above threshold cardinality between matching features. These are usedto compute
potential transforms and recruit further matches. The model matcher has specialisedFile/View facilities
for reading/writing, and display/manipulation of sceneand model data. Using the view facility and
assciated Tv devices(model andsaene) the matched model can be displayed in the transformed position
over the scenedescription. The matcher has 2 parameter cyclesand toggle selectorsfor adjusting various
pair wise relationships table and matching algorithm parameters.

14.2 Standard Usage

Initialise the various parts of the tool, installing the model and scencedisplay Tv's, and read in a set of
data (model, sceneand cliches). To cortiune with the matching processpressthe following sequenceof
buttons;

build tables :build the pairwise geometric tables.

smmmatcher :match the geometric tables for the scene to those
for the model and display consistent cliches.

comp trans ‘match remaining scene data to 3D model and display
the new set of matching features.

trans model :compute the transformation of the model to the scene
and display the model over the scene data.
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14.3 Matc her File/View

The matcher's File/View tool is of a familiar design (seesStereoTool and MonoTool).

Pick The matcher's File/View tool controls a pair of logicalTv's called model and sceneto display model
and sceneprimitiv esrespectively. A host of "pick" facilities are available for ead through the model
and saene pick menus. The 3D geometrical descriptions comprising model and sceneare displayed
with arrow headsindicating directionality. All pick facilities work on the these 3D geometrical
descriptions.

Mo del
null
choose selectgeometrical primitiv esand delete remainder.
delete delete selectedgeometrical primitiv es.

direct selectdirectednessof chosenprimitiv es (straight lines only) in accordancewith the
end closestto the pointer.

pairs show the features with which the most recertly selectedprimitiv e sharespair wise
table relations (possibly all). In the current implementation the pick calls a repaint so
the display is transient (3 seconds).

matc hes show the features (in the otherTv device) with which the most recertly selected
feature can match accordingto the consenative matching criteria usedon focusfeatures.

focus selectthe most recertly picked feature to be the current focus feature.

group selectthe list of picked featuresto be the feature group assaiated with the current
focus feature. In addition the mouse mode of model and scene can be used to add
matches between features (only straight features at preser). Simply pick sceneand
model descriptions alternately (in any order) using the left hand mouse button (the
match is made against the most recert selectionmadein the otherTv device). Note that
matches are direction speci ¢ and the mouseis able to selectthe direction of features
when constructing matches.

Scene as model (above) but without \fo cus" & \group".
File Files with the following extensions:

Mo del .poly
Scene .poly

Clic hes Old .gnn
Clic hes New .g

input/output. Reading in a model clearsthe current cliche list and hencecliches must be read after
models.

Directory Name. part of the pathname to usewhen reading/writing les.

Base Name. part of the pathname to usewhen reading/writing les.

14.4 Geometry

Thesebuttons get geometry from Tina.

get model. Obtain the current model from the 3D geometry created by (or input to) the stereoand
edgetools.

get scene. Obtain the current scenedescription from the 3D geometry created by (or input to) the
stereoand edgetools.
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14.5 Initialisation

Thesebuttons can be helpful for initialising the matcher
init matc hes. Setsthe current matchlist to null. Useful if performing interactive matching using the
mousefacility.

init cliches. Setsthe current cliche list to null. Useful if performing interactive cliche building using
the group and focus pick facilities on the model's Tv tool.

14.6 Interactiv e Matc hing

This row of buttons are for interactive use of the model matcher.

add cliche. The current focusand group features(selectedby the mouse)are addedto the list of current
context cliches.

comp trans. Usethe current list of matches(obtained interactively and/ or asa result of model match-
ing) to compute a transform (if possiblewithin settolerance) and apply that transform to obtain a
new list of matchesthat are constart with it. Note that asa new match list is produced (and it is
possibly null) then repeated application can give di erent results which may or may not corverge.
The computed transform is written to the text sub window of the main Tina tool.

trans model. Displays the object model transformed (according to the currently computed transform
if one exists) into the 3D scene.The display is transient in that if the seeneTvTool activatesa new
repaint (as a result of a zoom say) the model will not be redisplayed.

Allo wed Trans. option can be usedto restrict the allowable transform.

unlimited
limited

14.7 Automatic Matc hing

The nal row of buttons perform automatic matching functions.

build tables. Builds the pairwise relationships table for the current sceneand model. The

smm matc her. Performs model matching using the current model and context cliche list against the
current scenedescription. Pairwise relations must be set up prior to matching. If the model
matcher is successfulthen the individual sceneand model feature matches included in the best
model match are highlighted (matched features are displayed the samecolour). The

smm next. Continue to the next best match found by the model matcher.

Pair Wise Rels option is usedto determine whether all entries in the table areto be lled for the scene
or just the closestn non parallel relations (where n is the number of table ertries). All table entries
are always lled for the model.

Speci ¢ match results can be selectedfrom the reulting list of matchesusing the ‘goto N' facility (where
N is the number speci ed).

Matched results can be evaluated (the best location evaluated and speci ¢ feature hypothesesveri ed)
using the functionality available in the Calib Tool.
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14.8 PWR Params

cligue size The number of relationships to add to the pairwise relationships table for ead scenefeature
(due to the reciprocal nature of sud relationshipsthe grand total of relations a line endsup involved
in may exceedthis number).

pos error The magnitude of a positional error threshold assumedfor line data in mm.
rot error The magnitude of a rotational error threshold assumedfor line data in radians.

Lenh thres Threshold on length of scenefeature to include in model matching. Note that the current
sceneerror is only updated by building the pairwise relations table.

14.9 Matc h Parameters

cligue size The threshold cardinality of mutually consistert cliquesidenti ed in any one context to be
allowed to go on to form hypothetical matches.

Max rot Threshold on allowable rotation (in radians) to useif the Allowed Trans toggle is set.

max trans Threshold on the magnitude of allowed translation to useif the Allowed Transtoggle is set.

Len ratio The threshold which must be exceededbetween matches of focus feature.
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Chapter 15

Pairs Tool

15.1 Intro duction

The Pairs Tool allows the user to explore the use of geometric pairwise histograms for 2D object
recognition (Tina memo 1995-004). The software can be used to automatically construct edge based
represenations of large numbers of objects and then recogniseand locate these objects in cluttered
scenes.The technique is view basedand therefore matches closely the processeghought to exist in the
primate brain (Tina memo 2000-002). The tool interacts with linear geometry in the Mono Tool (the
mono scene). The tool also provides model databasefacilities. More information and referencesto the
published literature is available in the pairwise demonstration directory.

15.2 Standard Usage

Once mono geometry data and an object databasehave beenloaded (seebelow) the standard sequence
of operations for recognition and location is as follows:

match lines . match the stored line histogrames to the scene.
segment model : display the sections of data consistent with
the chosen Model Name.
locate models : locate all examples of the chosen Model Name.
graph . display the radial error from the probabilistic hough
transform.

15.3 Scene and Mo del Data

canny Run the standard canny with default parameters. These parameterscan be updated using
the edgetool routines if required.

Line Geom2 Run the standard 2D geometry generation routines with default paramters for ex-
tended lines only.

Edgel Geom2 Generateshort 2D line geometry for individual pixels.

add model The model le specied by the elds 'directory name' and 'model name' is added
to the model database. All model les should be of type .poly and should only comprise linear
geometry.

clear The model databaseis cleared.
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15.4 Single Line Functions

The user can pick single lines from the mono scenefor further manipulation. To enter 'pick' mode the
user must st select'geom' from the pairwise tool ‘pick:zmono' menu and then select'pick’ from the tv
tool 'mouse’ meru. Lines can then be picked from the mono sceneusing the left mousebutton (picked
lines are highlighted). Oncethe required lines have beenpickedthe selectionis con rmed with the middle
mousebutton.

histograms A pairwise histogram is generatedfor ead picked line. These histograms are placed
onto the image stack for viewing with the Imcalc Tool.

matc h line A pairwise histogram is generatedfor the last picked line. The best matching model
histogram is then identi ed and the respective model is plotted over the model scene.From a single
histogram match, the location of the model is constrainedto four possiblepositions sothe plotted
model may need manipulating into the correct place (seeMatched Model Functions below).

15.5 Complete Scene Functions

matc h lines A histogram is generatedfor every scendine and then the bestsetof model histograms
which match to ead scenehistogram are identi ed (seeMatch Parametersdialog box).

segment scene All mono scenelines which have matched to the model speci ed in the eld 'model
name' are highlighted.

locate models An attempt is made to locate any models which appear in the mono scene. For
ead model a location hough spaceis generated. Peaksin this hough spacehypothesizethe location
of an instance of the model. For eat peakin this hough spacea separateorientation hough space
is generated. The maximum peak in this hough spacehypothesizesthe orientation of the model.
Finally located models are plotted over the mono sceneTv.

If a model nameis speci ed in the eld 'model name' then any hough spacesassaiated with this
model are placed onto the image stack.

15.6 Matc hed Mo del Functions.

A number of functions are available to manipulate and display matched models.

redra w Any matched models- from either the 'match line' function or the 'lo cate models' function
- are displayed in the mono scene.

rotate  The matched model from the 'line to model' function is rotated by 180 degreesand redis-
played. This allows the model to be moved betweentwo of its four possiblelocations. (see'match
line' function above).

mirror The matched model from the ‘'line to model' function is re ected along the line usedin
the match and redisplayed. This allows the model to be moved between two of its four possible
locations. (see'match line' function above).

15.7 Dialog Boxes

There are a set of possible pairwise histogram formulations which embody a varying degreeof invari-
ance characteristics including the standard: translation, rotation, scale(with stretch correlation, Tina
memo 1996-004)together with robustnessto line fragmentation and linear curve approximation. These
variations are selectableaccordingto the value setin the "pairs type" choice menu.
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mirror The original mirror symetric pairwise histograms. Generatesa plot with dimensions: O -
PI, O - +dbin _-max.

additional invariances: mirror symetry, line contrast.

rotate Assumes(0 to PI) orientations of referenceand object lines and generatesa plot with
dimensions: 0 - PI, -dbin_max - +dbin _-max.

additional invariances: line contrast.

directed A special caseof (rotate). Fixed (arbitrary) referenceline orientation with comparison
to intersection direction. Generatesa plot with dimensions: 0 - 2PI, -dbin_max - +dbin _-max.
additional invariances: line contrast.

contrast Orientation of referenceand object line xed by contrast.Generatesa plot with dimensions
: 0- 2PI, -dbin_max - +dbin _max.

additional invariances: none.

Various other algorithm variations can be set accordingto the parametersand choice variablesde ned in
the menus Match Params (num_bestmatches: The number of best matcheswhich are identied during
'match lines'.), Hough Params (Parametersusedin the construction of hough spacesand identi cation
of peaks.)
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Chapter 16

Colour Image Tool

16.1 Intro duction

Most machine vision researd is performed using grey-scaleimages. There are three main reasonsfor
this. The rst is practical: cheap colour cameraswork by using a grid of red, green and blue lters

arranged over the detector. Therefore, the RGB componerts of any given pixel were generated from
slightly di erent spatial positions: this spatial error complicatesany subsequeh analysis. Camerasexist
that contain optics to split incoming light into three separate paths, passingthrough red, green and
blue lters and falling on separatedetectors: professionaltelevision camerasare one example. However,
these camerastend to be much more expensiwe (a factor of 400is typical) and therefore fall outside the
budgets of most researtiers. The secondreasonis theoretical: whilst it is simple to de ne an algebra
for grey-scaleimages (as represertied by the Imcalc tool in Tina), it is much more dicult to dene a
satisfactory equivalent for colour images. The third reasonis biological: humans can operate perfectly
well in a grey-scaleervironment, for instance watching a black-and-white movie, implying that colour
perception is not essetial in order to perform the majority of basic visual tasks. For these reasons,
colour-basedalgorithmic functionality in Tina is limited.

There is one exceptionto the above: the three colour channelsof an image can be treated asindependert

images,and data fusion performedfor processesud assegmenation. Therefore, whilst the infrastructure

of Tina currently provideslittle support for colourimages(for examplethere is no colour Tv tool, or colour
image structure) the Tina Colour Image tool provides support for input of colour imagesas a separate
RGB elds, cornversionsto a nhumber of other colour space,and colour segmetation by non-parametric
density estimation in colour space,as described in Tina Memo no. 2001-015.

16.2 Colour Theory 101

Colour represertation is a complex subject, so a short preamble on colour theory is provided. This has
been highly simplied: for instance, no mention is made of de ning the origin (the so-called "white
point") of colour spaces. More in-depth explanations are readily available on-line: seefor example the
colour spaceFAQ at www.poynton.com.

16.2.1 Colour spaces

The human eye contains three typesof colour-sensitive cells, known ascones,located on the retina. They
are separately sensitive to red, greenand blue light. Therefore, a given pixel in a colour image can be
represerted asa combination of three values. In simple terms, these specify the amount of red, greenand
blue light that needsto be emitted by the equivalert pixel on a computer monitor in order to display
that colour. The human visual system operates by superposition of the signalsfrom the cones,and so
combines the red, greenand blue light to give a perception equivalent to the original colour. Note that
the actual light emitted by the monitor doesnot replicate the full spectrum of the original light captured
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to produce the image: in order for the human visual systemto perceiwe it asthe samecolour, it only
needsto closely match the original intensities in the red, greenand blue parts of the spectrum. Since
light of thesethree colours can be added together to reproduce any colour, they are referred to as the
additiv e primaries.

The additiv e primaries are only applicable to systemsthat work by emissionof light. Systemsthat work
by the absorption of light, such as oil painting, are basedon dyesthat absorb a specic part of the
spectrum. They use a dierent set of primary colours: cyan, magera and yellow, which are usedin
pairs. For example,in order to re ect red light from a white sourceof illumination, all but the red light
must be absorbed, by combining dyesthat absorbboth cyan and yellow. The physicsof the combination
processis more complicated than that for emission-basedsystems,and strictly speakingis multiplicativ e,
but theseprimary colours are usually referred to asthe subtractive primaries.

We are deal here only with the additive primaries red, blue, and green. The colour of any given pixel
is represenied by a vector of three values, one for the intensity of eac primary colour. The colour can
therefore be consideredas a point in a three-dimensional space, where the x-axis represerts red, the
y-axis green, and the z-axis blue. This spaceis known asthe RGB colour space(or RGB colour cube).
Clearly, we canthen rotate to any set of three non-degenerateaxesin the space,producing an alternativ e
represenation of colour that still spansthe samespaceof possible colours (known as the gamut of the
colour space). Various colour spaceshave been designedfor di erent tasks: Tina provides functions to
corvert imagesinto a number of the more well-known colour spaces.

Considering the RGB colour space, the point (0,0,0) represerns black, and the point (1,1,1) on the
opposite corner of the cube white. All points on the axis between these two points represert shades
of grey. The information encaded along this axis is called the luminance, represetis the total intensity
of light received from a scene. Grey-scaleimages of colour scenesare produced by recording only the
luminance information. The actual colour (e.g. red, orangeyellow etc.) is represerted by a vector away
from this axis in a plane orthogonal to it, and is called the chrominance. To a rst approximation,

luminance is dependert on the level of illumination of a scene,whereaschrominance is not. In many
colour analysis tasks, suc as colour segmettation, it is useful to discard the luminance information in

order to remove the e ects of varying levels of illumination, retaining only the chrominance information.

Therefore, many colour spacesinvolve a rotation sud that one axis of the spacelies along the luminance
axis. It is worthwhile to note that, whilst discarding the luminance axis of a colour spacein order
to normalise for illumination di erences usually works to someextent, the actual situation is far more
complicated: shadaws, for instance, represern areasthat may be partly illuminated by coloured light

re ected from other objects in the scene,changing their chrominance.

The RGB Colour Space

The RGB colour spaceis commonly usedin colour imageformats sinceit directly represers the light that
needsto be emitted by a TV or computer monitor in order to reproduce the colour to the satisfaction of
a human obsener. However, it hasthe drawback that the luminance information is split acrossall three
axes.

The HSI Colour Space

The HSI colour space(hue, saturation and intensity) attempts to producea more intuitiv e represenation

of colour. The | axis represerts the luminance information. The H and S axesare polar coordinates on
the plane orthogonal to I. H is the angle, speci ed such that red is at zero, greenat 120degreesand blue
at 240degrees.Hue thus represerts what humansimplicitly understand as colour. S is the magnitude of
the colour vector projected in the plane orthogonal to |, and sorepresernts the di erence between pastel
colours (low saturation) and vibrant colours (high saturation). The main drawback of this colour space
is that hue is unde ned if saturation is zero, making error propagation in transformations from the RGB

colour spacemore complicated.

It should also be noted that, although the HSI colour spacemay be more intuitiv e, is not \p erceptual”,
in the sensethat small displacemerts of equal sizein di erent parts of the colour spacewill be perceived
by human obseners as changesof di erent magnitude. Attempts have beenmade to de ne sud colour
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spaces:CIE-LAB and CIE-LUV are two examples.

The YIQ and YUV Colour Spaces

The YIQ colour spacemodel is usein U.S. commercial colour television broadcasting (NTSC). It is a
rotation of the RGB colour spacesud that the Y axis contains the luminance information, allowing
badkwards-compatibility with black-and-white colour Tv's, which display only this axis of the colour
space. The chrominanceinformation is contained in the | (orange-blue)and Q (purple-green) axes,which
are roughly orthogonal. The reasonfor this arrangemert is that the human visual systemis much more
sensitive to changesin the | axis than in the Q axis, allowing the Q axis to be transmitted with less
delit y, conservingbandwidth.

The television broadcasting model PAL, usedin the UK, most of Europe, and someother placessuch as
Hong Kong, usesa closelyrelated colour spacecalled YUV: the di erence betweenthe two is a 33 degree
rotation of the chrominance axes.

The exact scaling of the chrominance axesin these colour spaceswasde ned to t the emissionspectra
of the phosphorsusedin colour Tv screensin various parts of the world. These change over time as
technology improves, making these colour spacessubject to changein terms of the corversion to and
from RGB. In addition, the axesare not exactly orthogonal. Therefore, in general these colour spaces
have no placein digital image processing.

The IJK Colour Space

The above colour spaceshave drawbadks when usedin colour segmetmation: RGB factors the luminance
information into all three axes,HSI is a polar represertation, sothat hue is unde ned when saturation is
zero, and error propagation is unstable for small saturation values,and YIQ and YUV use more-or-less
arbitrary scalings. Therefore, Tina implements a colour spacedeveloped in-house speci cally for colour
segmetation, known as|JK. The | axis is the luminance axis of the RGB colour space. The J axis lies
in the plane orthogonal to the | axis, and is in the direction of red in the original RGB colour space.
The K axis is orthogonal to both the | and J axes, and so lies in the plane orthogonal to the | axis in
the direction of blue-green. The advantages of this colour spaceare that the luminance information is
separatedout onto the | axes, all three axesare orthogonal, and the conversionto RGB (and so the
propagation of errors from RGB values)is particularly simple.

16.3 The Tina Colour Tool

16.3.1 The Tv List

The Tina Colour Tool hasthree Tv's: one ead for the red, greenand blue elds of the currently loaded
colour image. Thesecan be installed onto tvto ols in the usual way (selectingthe Tv you wish to install
from the Tv choicelist, starting a new tvto ol from the top level tinaT ool window, and pressing"install"

on the tvto ol).

16.3.2 Image Input and Output

Tina supports a single format, portable pixel map (PPM), for colour image input. This format is a
member of the PNM family of image formats, which comprisesPBM (1bpp monochrome images), PGM

(grey-scaleimages) and PPM (colour images). Each storesimage data in either ASCII or raw format.

Therefore, the format is particularly simplein terms of writing input or output functions, but egregiously
expensiwe in terms of disk space. Nevertheless,sincethe inception of the NETPBM package, most image
corversionprogrammeswill provide functionality enabling conversionto PNM from other formats (indeed
this was one of the purposesof the NETPBM padkage), and so it should be relatively easyto cornvert

imagesinto this format for usein TINA.
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In order to load a colour imageinto the Tina Colour Imagetool, erter the path (either absoluteor relative
to the directory in which the tinaT ool executableis located) into the directory eld, and enter the le
name into the lename eld. Note that the le extension must be entered explicitly. Then pressthe
"Input PPM" button to input the image. The image is split into its red, green and blue colour elds,
which are displayed in the relevant Tv's.

The processcan be reversedby pressingthe "Output PPM" button. This will combine the red, greenand
blue elds currently loadedinto memory into a ppm image, and output it to the directory and lename
speci ed in the relevant elds. Ensurethat you changethe lename to somethingother than that of the
original image you loaded, as the function will not warn you about overwriting.

16.3.3 Pushing and Popping Images to and from the Stack

The red, greenand blue elds of the currently loaded image can be pushedto the stadk using the rst

line of the "Colour spaceconversion" section of the tool. Selectthe elds you wish to push to the stack
in the RGB ched list, and then pressthe "RGB push" button. The imageswill be pushedin reverse
order, sothat for exampleif all three buttons on the ched list are selected,the red eld will end up on
top of the stack, the green eld will be secondon the stack, and the blue eld third. The imageswill

then be available for manipulation in the Imcalc tool, or display in the Imcalc Tv's.

The processcan be reversedusing the "R Pop", "G Pop" and "B pop" buttons. Pressingthesewill take
the top image from the Imcalc stack and load it into memory as the currently stored red, greenor blue
eld. If one of the other elds has already beenloaded (either by loading a colour image or by popping
and image from the stad) then the size of the new eld must be the sameasthat of the others already
loaded.

16.3.4 Colour Space Conversions

The Tina colour tool supports corversion to the HSI, YIQ and IJK colour spaces. The results of the
conversion will be pushedto the Imcalc stack, in the sameway asthe "RGB Push" function described
above. For eadh colour spacecorversion, selectthe elds you wish to push from the relevant ched list,
and pressthe relevant "XXX Push" button. For example,if you wish to convert to the HSI colour space,
but only want to push the H and S elds, selectH and S on the ched list and pressthe "HSI Push"
button. Again, the imagesare pushedin reverseorder so that the H image will end up on top of the
stack, and the S image will be secondon the stadk. Colour spacecorversionsdo not a ect the colour
elds currently stored in memory.

16.3.5 RGB Normalisation

The RGB normalisation button providesa simple colour histogram equalisation method. It scaleseac of
the currently loadedred, greenand blue elds sothat their pixel valueslie between0 and 1, by dividing

ead pixel by the sum of the red, greenand blue values. This can be useful for display purposes,asit will

equalisethe contrast in the colour elds and so bring out detail in dark regions. This function replaces
the red, greenand blue elds currently loadedinto memory with their normalised versions.

It is an oft-repeated fallacy that colour normalisation (or histogram equalisation in general) should
be used as a precursor to segmetation. In fact, since colour normalisation clearly cannot increase
the information content of the original image, it should have no e ect on the segmetation result if
the segmemation algorithm is taking proper accourt of the noise on the data. If you seea paper or
preseration which statesthat colour normalisation doesa ect the result of their segmemation, it means
that their algorithm hasan implicit assumptionof scale(probably a blurring kernelof xed sizesomewhere
in the code). Stretching the colour spaceby normalisation therefore changesthe scaleof the spacerelative
to the assumedscale,and so changesthe segmetation result.

The Tina colour segmemation algorithm takes accourt of the noise on the data, by scaling all mea-
suremers in the colour spaceby the local noise. Therefore, applying colour normalisation prior to
segmetmation will have no e ect on the segmemation result to rst order. Somesmall secondorder ef-
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fects may be obsened, as the noise scalingis only performed locally, but for most natural imagesthese
should not changethe number of labelled regionsby more than about 10%.

16.3.6 Colour Segmentation

Tina provides an implementation of the colour segmemation algorithm described in more detail in Tina
Memo no. 2001-015,as preseried at the British Machine Vision Conferencein 2001. The algorithm
works by non-parametric density estimation in the JK colour space. The red, greenand blue elds are
converted to the IJK colour space,and the | eld discardedto remove illumination e ects to rst order.
The JK colour spaceis then mapped with points, wherethe distance betweenthe points is speci ed by the
“resolution" eld. All measuremets in the colour spaceare scaledby the local noise,in order to convert
to rst order into a variance-normalisedspaceand so take proper accourt of the noise. Hill climbing
is then performed on this map of nodes, moving from ead pixel to the nearest node, and then across
the nodesin the direction of steepest gradient, until a local peakis found. A list of peaksis generated,
and ead is assigneda label, in order of the number of pixels assignedto that peak. Then the labels are
propagatedto all pixels assignedto ead peak, and an image of labels generated.

The novel aspect of the Tina colour segmemation algorithm is the way in which the peak climbing is
performed. The points usedto map the colour spacecan be envisagedastesselatingthe spacewith a set
of polygonal regions known as Voronoid cells: eat point is at the certre of a cell, and the boundaries
of the cell are de ned by lines normal to the vector betweenead point and its immediate neighbours.
During the hill climbing stage of the algorithm, ead step from point to point is tested to ensurethat it
only stepsto a VVoronoid neighbour i.e. doesnot jump completely acrossa cell. This ensuresthat the hill
climbing will not jump acrosslocal minima, without requiring any implicit assumption of scale(seethe
discussionin section 3.4). Combined with scaling all distance measuremets in the colour spacebe the
local noise, this ensuresthat proper statistical accourt is taken of the data accuracy

The noise scaling in the colour segmeration operates by maintaining a matrix of errors on ead pixel.
This matrix is regeneratedwhenewer an image is loaded, a colour eld is popped from the stac, or
a normalisation is performed. This error matrix is then used to perform error propagation through
the colour segmertation algorithm. The noise estimation processoperates on the assumption that the
noise on ead colour eld is uniform when it is loaded into the tool. This should be a reasonably good
approximation for most colour images. However, if you load a colour image and then manipulate a eld
within Imcalc, before popping it badk into the colour tool, you could in theory transform the colour eld
such that the noiseis no longer uniform. This will interfere with the operation of the colour segmemation
function.

The Tina Colour Segmentation Algorithm

The results of the segmetiation will be determined by the resolution of the points usedto map the colour
space,as selectedin the "resolution” eld. This speci es the distance betweenthe points in terms of the
standard deviation of the noiseon the data. Its purposeis to blur the spaceaccordingto the estimated
noise,in order to avoid identifying noise uctuations as statistically signi cant peaks. Entering 3 asthe
resolution (i.e. 3 standard deviations) will ensurethat all statistically dierent regionsare identied in
most natural images. Howevwer, this will also identify regionssuc as coloured shadavs. Whilst this is
statistically the correct result, most people prefer a result which is slightly under-segmetted i.e. small
regionshave beenmergedbadk into larger regionsof similar colour, to avoid identifying coloured shadowns
etc. Therefore, the resolution can be raisedto 5 or higher to eliminate these small regions. Raising the
resolution will also signi cantly reducethe computational time required.

In order to perform a colour segmetation, ensurethat an RGB image has beenloaded. Then selectthe
resolution asdescribed above. Finally, pressthe "Segmen JK" button. The resulting labelled image will
be pushedto the top of the stack, and can be displayed in the Imcalc Tv. Binary imagesof individual
regions can then be generatedusing the label selectionfunctionality described below, and may be used
for masking the original image. A mean colour version of the labelled image can be output using the
"Mean Col Output" button.
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Lab el Selection

Oncethe colour segmeration is completed,and the labelled imagedisplayedin the Imcalc Tv, the regions
covered by eadh label can be selectedby ertering the label in the "Label" eld, and pressing"select".
This will generatea binary imagewhere the pixels having the desiredlabel are white, and all other pixels
are black, and place this image secondon the stack for display in the Imcalc2 Tv. The number of pixels
selectedwill also be displayed in the text window of the top-level tinaT ool. The original labelled image
will not be disturb ed, allowing repeated application of this button for study of the segmemation result.

The binary imagescan also be usedas multiplication masks. Use the store function in Imcalc to store a
copy of the mask, and push eadt of the red, greenand blue elds to the stack. Multiply ead eld by the
mask in Imcalc, and pop it badk into the Colour Tool. The masked colour image can then be output as
a ppm image, providing a colourful way to display the segmetation result.

Mean Colour Image Output

Mean colour output is another cornveniert way in which to display the results of colour segmetation. It
will take all of the pixels assigneda certain label, and replace them with their averagedred, greenand
blue values, outputting the result asa PPM le to the directory and le namesspeci ed in the relevant
elds. In order to usethis function, the labelled image must be on top of the stad i.e. displayed in the
Imcalc Tv: then simply pressthe "Mean Col Output" button to generatethe ppm image. Ensure that
you changethe lename to something other than that of the original image you loaded, as the function
will not warn you about overwriting.

16.4 Quick Reference

Tv choice: setsthe current Tv. The colour tool hasthree Tv's: one ead for the red, greenand
blue elds of the colour image currently loaded.

Directory eld: directory name (relativ e or absolute) from which to load a colour image.

File eld: lename from which to load a colour image. The extension (.ppm) must be explicitly
included in the lename.

Input ppm button: inputs the PPM image speci ed by the directory and lename. The image is
split into three: oneimage for ead of the red, greenand blue elds, and displayed in the Colour
Tool Tv's.

Output ppm button: outputs the red, green and blue elds currently loaded into memory, and
displayed on the red, greenand blue Tv's, as a raw-format ppm image, with the directory and
lename speci ed in the relevant elds.

R Pop button: replacesthe current red eld image with the image from the top of the stadk (i.e.
the image displayed in the Imcalc Tool Tv). If blue or green elds are already loaded, then the
sizeof the red eld must be the sameasthat of the other elds.

G Pop button: replacesthe current green eld image with the image from the top of the stack (i.e.
the image displayed in the Imcalc Tool Tv). If red or blue elds are already loaded, then the size
of the red eld must be the sameasthat of the other elds.

B Pop Button: replacesthe current blue eld imagewith the image from the top of the stack (i.e.
the image displayed in the Imcalc Tool Tv). If red or green elds are already loaded, then the size
of the red eld must be the sameasthat of the other elds.

RGB chedk and RGB Push button: pushesthe current red, greenand blue elds to the stack, for
display in the Imcalc Tool Tv's. The ched list speci es which imageswill be pushed, and they
are pushedin reverseorder suc that the left-most cheded eld is top-of-stack. For example,if all
three ched boxesare selected,then the red image will be on top of the stack, the greenimage will
be second,and the greenimage will be third.
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HSI ched and HSI Push button: converts the red, greenand blue elds to the HSI (hue, saturation
and intensity) colour space,and pushesthe results to the stack. The ched list speci es which
imageswill be pushed, and they are pushedin reverseorder suc that the left-most chedked eld
is top-of-stack. For example, if all three ched boxes are selected,then the hue image will be on
top of the stadk, the saturation image will be second,and the intensity image will be third.

YIQ ched and YIQ push button: converts the red, greenand blue elds to the YIQ colour space,
and pushesthe results to the stack. The ched list speci es which imageswill be pushed,and they
are pushedin reverseorder suc that the left-most cheded eld is top-of-stack. For example,if all
three ched boxes are selected,then the Y image will be on top of the stack, the | image will be
second,and the Q image will be third

IJK Ched and IJK Push button: converts the red, greenand blue elds to the IJK colour space,
and pushesthe results to the stack. The ched list speci es which imageswill be pushed,and they
are pushedin reverseorder suc that the left-most cheded eld is top-of-stack. For example,if all
three ched boxes are selected,then the | image will be on top of the stack, the J image will be
second,and the K image will be third

Normalise RGB button: scalesthe RGB colour imagessud that all pixels lie between zero and
one, by dividing ead pixel by the sum of the red, greenand blue values. The results replacethe
currently loadedred, greenand blue elds. This function is of useonly for display purposes,or to
ched that the segmemation is taking proper accourt of the noiseon the data.

Resolution eld: speci es how far apart, in terms of multiples of the standard deviation of the noise
on the data, the points usedto map the JK colour spacewill be placed during the segmetation.
A value of 3 will provide a segmetmation identifying all statistically di erent coloured regions for
most natural images. Increasing the value will speedup the segmemation and under-segmen the
image: this can be useful for removing the e ects of coloured shadaws etc.

Segmei JK button: performs a colour segmemation of the loaded image. Each statistically dif-
ferent region is assignedan integer label, in order of the number of pixels assignedto that region
(the most populous region is assignedthe label 0, the secondmost populous the label 1, and so
on). An image of the labels is pushedto the stack, for display in the Imcalc Tv. The number of
points usedto map the colour space,and the number of di erent regionslabelled, are displayed in
the text window of the top-level tinaT ool as "no. nodes" and "no. peaks" respectively.

Label eld and select button: producesa binary image of the specied label, where all pixels
assignedthat label are white, and all other pixels black. The labelled image produced by the
segmetation must be on top of the stack i.e. displayed in the Imcalc Tv, prior to using this
function. The resulting binary image is placed secondon the stack i.e. displayed in the Imcalc2
Tv, allowing repeated application.

Mean Col Output button: outputs a mean colour version of the segmertation result, where each
pixel in the image is replaced with the mean red, green and blue values of all the pixels having
the samelabel. The labelled image produced by the segmemation must be on top of the stack i.e.
displayed in the Imcalc Tv, prior to using this function. The result is output asa ppm image with
the directory and lename speci ed in the relevant elds.
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Chapter 17

SmartR Ol Tool

17.1 Intro duction

The SmartROI Tool is designedto support the automatic location of arbitrarily complex polygonal
boundariesin grey level image data to an averagespatial accuracy of about one pixel. The software sup-
ports a range of techniquescovering convertional snakesand the more sophisticated deformabletemplate
models. The speci ¢ choice of algorithm applied can vary betweenthese extremesallowing either shape
constraints with a convertional location potential for simple tasks, or averagedor covariant models of
grey level pro les for more complex tasks. Thesetechniques are basedon eigen-\ector approximation to
sample data sets. The most appropriate (and most accurate) technique will be problem specic and a
separatemodel will needto be built and tested for ead task. The model construction processis often
manually intensive, but oncea trained model has beendeveloped they can be applied automatically and
are often accurate and reproducible asa way of identifying regionsin images. Thesetechniqueshave thus
found considerableusein recern image processingtasks.

In order to provide a simple but genericapproad it is necessaryto make someassumptionsregarding
the expected model and its construction. The basic assumption here is that the model to be located is a
simple region consisting of an inner and/or outer portion and that there is a preferertial orientation axis
and overall scale. We alsoassumethat sensiblelandmarks can be located, either along perpendicular lines
at regular intervals along the axis or radially. This model has beenchosenon the basisof simplicity and
has a surprising range of applicability for the majority of basic image location tasks. In particular, the
useof a main axis and perpendicular line mark-up considerablysimpli es the represenation of the shape
model by ensuringthat unwanted errors in the 2D location of the set of points are e cien tly removed in
the eigenvector model.

The number of allowable degreesof freedom is limited to ten for simplicity of interface design, though
the number required for most tasks is often considerably smaller than this. Once an object has been
located the region of interest de ned by the polygonal boundary is then available for usein any Tv,
including the imcalc Tv, thus allowing simple region extraction via the Imcalc Tool roi facility for
further processingand automated data extraction.

17.2 Graphical Display and Data Selection

The curren t tv speci cation determineswhich imagedata the smartROI tool will process(this is selected
using Tv choice merus in other tools). This choicewill mainly depend on the preferred con guration for
analysis of particular data setseg: temporal data and volumes should use sequence and simple static
imagesshould usemono or imcalc . Problems basedon simple snakeswhich require the calculation of
image potentials should preferably usethe imcalc Tv , while alsousingthe Imcalc Tool to construct the
image potential. This processcan be exibly automated using the macro replay facility (seethe Macro
Tool).
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17.3 Prole Input/Output

The polyname eld is usedfor multiple tasks and le name extensionsare appended depending upon
the task. The current boundary mark up canbe savedto the polyname (with no extension). Individual

mark up les can be loaded and the boundary will be displayed in the specied Tv with the selected
display options. Results of model building are stored to the les lename.mml and lename.p ca.
Theseare automatically written when the model is built (seebelow). Construction of the model requires
a list of markups. This list is held in simple asciformat in the le specied by lename.blt

17.4 Mark-up

All deformable template approachesrequire the manual construction of example data sets with which
to build the parametric model of shape and grey-lewvel pro le. The parameters of this boundary can be
speci ed using the Mo del Parameters dialoguebox, and thesemust remain xed acrossany setof data
intended to construct a single model. The selectionof a particular mark-up type p axis r axis initiates
the processof mark-up in the selectedTv. Mark-up requiresa three button mouse. The usermust de ne
how many boundary boints are required and may place them where he/she wishes, provided that eadh
mark-up is consistert. Template models cannot deal with rede nition of point order within a training
set.

For p axis mark up, click and drag the left mousebutton to establish a baseline. Now click the left
button and drag againto de ne a rectangular boundary box around the required structure. At this point
a set of parallel lines will be drawn acrossthe region, one of which is blue. This blue line can be usedas
a guide for the location of a boundary point. Mark-up usingthe r axis schemeis similar, specifying the
left and right points on the main axis and continuing in an anti-clo ckwise direction lling in the missing
points.

mak e The grey level proles will be sampled from the selectedimage. When the mark-up is
completeand all data points have beenfully speci ed, output the boundary data to poly le . This
data is written out along with the rotated and scaledco-ordinate of the 2D model for usein later
stagesof model building.

outer2roi

This button takesthe outer pro le (if presert) and converts it to a polygonal boundary for useas
the region of interest in any Tv.

inner2roi

This button takesthe inner pro le (if preser) and converts it to a polygonal boundary for useas
the region of interest in any Tv.

17.5 Training

build pca

In order to generatea new template model, construct a simple asci le (\lename".blt) containing
the le namesof the required pro les. Specify the name of this le in the lename parameter.
The model is built using the PCA routine and is automatically output to the lename model
les on completion.

The eigenvaluesfor the shape model will be written to the main tinato ol dialog window and can
be used as a guide for subsequen selection of the number of principle modes. As scaledoes not
appear as a mode of variation zero modes of variation correspondsto scalechangeonly. At the
sametime the meanshape and pro le model is written to the selectedsingle model le. The model
builder will usethe options Normlise and Global if selected.

The Normalise option is intended for image data which has variable greylevel scale.
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Use of a Global correlation model between both shape and grey-level parameters. This model
choice has considerablecomputational overhead and should only be selectedfor problems where
there is a strong correlation betweengrey level pro le and shape and the location problem proves
to be particularly challenging. Accurate determination of the extra covarinace parameters also
requires signi cant increasesin the size of the training data set.

input pca

The le (\lename".p ca) which storesthe parameters of a speci ¢ trained model are speci ed by
the lename parameter string. The mean model (\p olyname".mml) can be loaded from poly-
name using input . This exibilit y is provided sothat the allowed variation speci ed by the PCA
parametersfor one dataset can be quickly applied to another.

17.6 Search

Oncea model hasbeenbuilt or loaded, an instance of the model can be located in the selectedTv image
using the search function, which executesa downhill simplex optimisation to seard for the model in
the image which minimisesthe selectedCost function. Executing this routine again cortin uesthe search
from the last solution.

Generally when automating the nal systemthere is no harm in executing the seard processtwice to try
to ensureconvergence.Searding for objects through temporal sequencesfimagesgenerallybene ts from
starting ead seard from the previous solution. Coarseto ne seardesfor both snakesand deformable
templates and any permutation can be supported using the macro facility and combinations of trained
models. Multiple objects or disjoint or hinged structures should be located using separatetrained models
for eadh section.

prof

This option makes the selection between snake localisation and localisation based on grey-level
pro les. Simple snake location operatesvia optimisation of an image potential using the speci ed
shape parametersonly. When specifying this option the local image potential is optimised along
a line tangertial to the cortrol points. When locating a grey-level template, the local template
pro le is acquiredtangential to the local boundary. If this is not the caseched the order in which
the boundary points were speci ed for the model (seeabove).

mse
Use of mean squarederror (mse) or sum of absolute di erences (a robust statistic).

17.6.1 SmartR Ol Parameters

The parameterswhich control the model seartd processare in the SmartR Ol params dialog box.

The init facility will resetthe variables which de ne the o est from the mean model to zero. (ie:
setting the model a speci cation bad to the mean).

The total number of mark-up points de ning the current model is speci ed by No.P oints param-
eter. The model supports inner pro le points asthose points not included in the outer boundary
No.P oints - No.Outside

The Prole parameter speci es the length of the grey-lewvel pro le usedfor modelling.

Location of the model (mid-p oint of the main axis) is speci ed by the tx and ty parameters. The
seard step usedduring initial localisation in the Simplex algorithm are speci ed by the dtx and
dty parameters.

The scale and theta parameters specify linear axis size and orientation of the current boundary
prole. The seart step usedduring initial localisation in the Simplex algorithm are speci ed by
the dscale and dtheta parameters. Localisation is also restricted to lie withing the specied s
min , s max, th max scaleand orientation ranges. If the initial scaleestimate is outside this range
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then the routine will not optimise and the location will be returned unmodi ed. This can often be
a sourceof problem when using the software for the rst time and should be watched out for.

The N o est shape eigenvaluesare speci ed by the enumerated variablestogether with their searh
step parametersdw N . The e ect of changing a parameter can be directly visualisedby redra wing
the relevant Tv .

The initialiseation of the Simplex algorithm is determined by the Initial Search parameters. Large
valueswill result in quicker but lesspreciselocalisation.

The speci ed model will have mdl mo des shape eigenvectors and prf mo des grey level eigen
vectors. A value of zero correspondsto mean value only.

The maximum variation of the model away from the meanmodel is limited by the Search Limits .

17.7 Typical Use

The Template Tool has been designedfor usein automatically locating deformable shape in noisy
(generally medical) data sets. Using it well requiressomefamiliarit y with the data and a little thought as
to what is intenededto be achieved. Start by determining the best number of points neededto accurately
de ne the boundary of the object and whether an inner contour is also needed. Then experiment with
the data to try to determine a reproducableway of positioning boundary points asaccurately as possible.
draw up guidelinesfor featuresto look out for and try to de ne the location of the boundary in a simple
and reproducable manner. If necessaryimagescan be pre-processedby the Imcalc Tool in order to
assistwith this process(eg: enhancingedgesetc.).

Onceyou have a good idea of what you needto do then proceedwith the following steps;

Mark up a seriesof example pro les which you feel spanthe spaceof possibleshape and grey-level
variation. The number you will needwill depend upon the degreeof variability in the data and
cannot be speci ed a-priori, but even simple models will generally require tens of examples.

Construct a list le for the data you wish to include in the model and train using the PCA model
builder. Use a maximum number of parameterswithout global covariance at this stage.

Test the performance of the model on unseendatasetsvarying the number of parametersused for
the shape and grey level variation. Try to use a minimum of the number of shape parameters
which accurately locates the boundary. Investigate the e ects of robust optimisation and data
normalisation to seeif there are any particular advatagesto using theseoptions. Always take care
that you usethe samecost function options during seard that were usedduring PCA analysisand
never attempt to seard with more parametersthan were written out during the analysis process
(you can however use fewer).

Test on additional datasetsand if the location processrepeatedly fails for a particular image mark
it up and add it to the dataset for retraining.

As the set of example datasets increasesthe posibility of building a global shape and grey-level model
improves. This should only be done if the model has repeated di cult y with locating data. Evertually,
(generally quite soon) you should convergeon a model which givesreliable performancefor this data set.
Accuraciesof better than a pixel are generally achievable at all points around the cortour with somecare
even in noisy data. Signi cantly better performancethan this is generally di cult to achieve due to the
restrictions imposedby the eigenmodel and algorithms sud as edgedetection may be better if there is
low noise and strong edgedata is available. Thesetechniques should not be consideredas competetors
amongthe solutions for boundary location. It is even acceptableto usetemplatesin order to locate edges
for more accurate measuremen

The posibilities for data pre-processingbeforebuilding the deformablemodel are limitless, but an attempt
shouldbe madeto work with data-setswhich havethe properties of uniform random errors (seethe Imcalc

Tool) asthis is what is most consistert with the statistical assumptionsbehind greylevel modelling and
least-squaresbasedlocation algorithms.
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The resulting tracking variables of orientation, scaleand principle eigen-malesof the shape model make a
good starting point asa reducedrepresenation of the data for any subsequeh anaysis such as statistical
pattern recognition (eg: classi cation). However, thesetechniquesare not expectedto form the basisof a
genericobject recognition systemasthere is no robust way of automatically selectingor building models
for arbitrary image data sets.
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Chapter 18

NMR-Segmen t Tool

18.1 Intro duction

The purposeof the NMR segmenation tool is to evaluate methods for the segmetion of tissue typesin
MR imagesand image sequencesMethods are provided for the analysisof single or multiple MR images.
Density models of grey-level and image slope are constructed and usedto compute the most likely voxel
volume contents (Tina memo 2003-005).

The algorithm is a Bayes classi er which usesthe parameters determined using an EM process(Tina
memo 2001-005)(or from by the le provided) to compute the likely composition of ead pixel (voxel).
The method assumesthat pure tissues have grey levels drawn from a Gaussian distribution and that
partial volume e ects are linear. These assumptions are reasonablefor the majority of NMR scansin
healthy subjects. The algorithm is stabilised (taking direct accourt of expected image noise) in the
regions of pure tissue and guaranteed to give probabilities between0 and 1, but may give systematic
positional biasesfor someimage typesdue to tissue boundary/noise ambiguity (Tina memo 2001-009).

18.2 Tool Description

Mo del File The specied text le is usedfor intialisation of the segmeiation parametersand for storage
of results. The format of the le supports arbitrary numbers of tissuesand partial volumesand image
slope density parametersif they have beendetermined (seeabove).

input loads a new model parameter le (SeeAppendix).

output outputs a new parameter le.

18.2.1 Multi-D t

Routines for the estimation of model parameters.

ht-scale executesa simplex minimisation to estimate the parameters of a composite density model
for the grey level frquency distribution (histogram). It operateson the image currently displayed in the
Sequence Tool within the speci ed region of interest (ROI). The model comprisesGaussianpeaksfor
pure tissuesand uniform distributions for partial volume mixture pixels. Relative mean grey level and
distribution widths aretakenfrom the speci ed Model File. Optimisation then determinesan overall scale
and initial normalisation parameters. Other parametersare to be determined via use of the Expectation
maximisation algorithm via the algorithms described below. The useris advisedto histogram the image
in order to ensurethat tting hasbeensucessful.

E-step computesthe probability that ead voxel is consistert with the tted model basedon grey level
valuesonly (Exp ectation step of the EM algorithm).
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E-step grad computesthe probability that ead voxel is consistert with the tted model basedon grey
level and image slope values (Alternativ e Expectation step of the EM algorithm).

M-mean computesnew estimatesfor the mean grey level parameters of the model.

M-co v computesnew estimates of the covariance terms for the model.

M-prior computesnew estimates of the density parametersfor the model.

M-k grad calc computesnew estimatesof the slope parametersfor the model (Tina memo 2004-009).

prob

18.2.2 EM plot

The Tissue Typ e string variable is usedto selectthe tissuetype for static segmenation, (eg: CSF, WM
in the given example).

Routines for model visualisation and the analysisof imagedata for generationof tissue mapsand simulated
(noise ltered) images.

1D hist Plot data for image displayed n the Sequence Tool Tv for the selectedregion of interest.
Superimposethe current estimate of the density model.

2D hist Generate scatter plot image displayed n the Sequence Tool Tv and the next in the sequence.
Place this image and the estimated 2D density distribution from the model in the Imcalc Tool for
viewing.

mo del Generate a noise free estimate of the image from the complete set of probabilistic estimates of
most likey tissue proportions within ead voxel. This processis likely to remove both noise and low
level secondorder physics artefacts sudh as coil-inhomogeneity and ow hyperintensities (Tina memo
2003-007).

prob computesthe most likely tissue volume probabilities and placesthe resulting image\map" on top
of the stadk for viewing by the Imcalc Tool.

18.2.3 Multi-D Grad Calc

Routines for the qualitativ e evaluation of slope parameters.

slop e image computesan image of sum squaredimage gradients normalised to image noise and places
it on the image stack for view in the Imcal ToolTv..

scat plot producesa scatter image of multi-dimensional normalised gradient versesgrey level (for current
Sequence ToolTv image).

grad model producesa image of computed probability densitiesfor multi-dimensional normalised gra-
dient versesgrey level (for current Sequence ToolTv image).

18.3 Image segmentation example

One common use of the segmemation routines is to identify particular tissuesto be usedas a mask for
analysis of other data sets.

1. construct and load an inital estimate of model parametersusing the format gven above.

2. Calibrate the tissue density model using h t-scale , E-step , M-mean , M-co v, M-prior . Chedk
the adequacyof the t in the Imcalc Tool graph Tv via useof the 1D hist plotting routines.
Iterate this processuntil cornvergence.

3. Selectthe required probability map and compute it using prob .

4. Threshold the resulting probability map in the Imcalc Tool asrequired.
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5. Manually selectconnectedsub-regionswith the mark- >connect mousetool.

6. Mulitply binary mask with other registered imagesof the samesubject in order to identify data
within the required region.

Tissue segmenatationusing the rusinek processis similar but requirestwo ht operations in order to
determine the full set of meantissue values.
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Chapter 19

NMR-Analysis Tool

19.1 Intro duction

The purposeof the NMR segmetiation tool is to extract quantitativ e measuremets from temporal MR
sequences.This includes applications for the measuremen of blood o w, perfusion and BOLD analysis
(Tina Memo 2001-001).

19.2 Tool Description

This section describesthe purposeof ead function in the tool and the assaiated parameters.
Basic data interaction is provided at the top of the tool.

measure allows the size of regions within the image to be measured. line allows a line to be drawn,
returning its length. region allows a polygonal regionto be de ned, returning its area. mask calculates
the area of the binary mask image. The units of these measuresare either mm or pixels depending on
whether image scaleinformation is available. (Currently mm are only available for NEMA imagetypes).

The plot functions produce graphical information from pixel locations. o w/T producesa o w-time
graph at the pixel location, conc/T producesa concerration-time graph for the pixel and gamma t
ts a Gamma variant to the data. More detailed explanations of thesefunctions are givenin below. For
ead of thesefunctions an image calculator graph tool must be available and dynamic timing information
must have beenloaded.

The next row of buttons stim params , gamma _params and perm params provides dialog boxes for
the subsequen analyses.

19.2.1 stim params

The Stim ulus variable choiceis usedto selectthe correlation function for segmemation. Selectionof a
\ Stim ulus " generatesa graphical plot of the stimulus function currently in use(provided that an image
calculator graph window to be available). The parametersperiod/2, o set, iphaseand deadtime are used
to cortrol the caracteristic shape and timing of the time curve. SQR is a hormalised square-wave with
duration and initial phasesetin the Stim Params dialog box. ROI allowsthe userto de ne a function
from the image sequence.The user marks the region on the image visible on the Sequence Tool Tv,
typically the rst imagein the sequence.Clicking on the ROI button causesthe program to build the
correlation function using the image data within this region. On ead frame in the sequencehe average
of the grey-level data within the ROI is calculated and used as the function sample. Once complete
the mean of the function is computed and then subtracted from ead sampleand nally the function is
normalised such that its L2 norm sumsto 1.
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perio d/2 species the half-wave length of the squarewave function SQR . The o set variable speci es
the range of the phaseseard to be performed during the correlation. A value of 0 speci es in-phase
detection only, i.e. no phaseseard. A value of 1 indicates that shifts of -1, 0 or +1 are allowable and
similarly for other values. The correlation function is always performed over the minimum amount of
data. iphase species the initial phaseof the square-wave either +v e or -ve. The actual value is not
important asthe square-wave function is both mean subtracted and normalized.

19.2.2 gamma params

The parameters in this dialog menu provide inital estimates and scalings for the bolus tting based
perfusion analysis. The minimum t0 parameter de nes the region of the data (stating from zero) used
to determine the basline for the tted curve. The recirculation cut parameter is usedto de ne the
cut o point for the curve t (proportion of peak height) usedto eliminate recirculation e ects. The
recirculation period parameteris usedto de ne the interval over which excesof data dueto recirculation

is estimated.

The region t button canbe usedto estimate average mtt and minimum tO from all of the data within

a region de ned by a binary mask stored on the top of the imcalc stack This should be done prior to
regional analysis.

19.2.3 perm params

This dialog box speci es a data le usedto calibrate permeability analysis, the constraints used during
tting and parametersdetermined by the calibration process.

19.2.4 Sequence

The Sequence choicevariable is usedto selectthe method of correlation. The mathematics behind these
functions is described in the Tina memosand published papers.

compare initiates the comparisonbetweenthe image sequenceand the stimulus function. The stimulus
function is selectedusing the stimulus choice variable and the comparisonperformed using the technique
selectedwith the sequencechoice variable. The resultant correlation image is stored on the top of the
image stack.

The 3 correlation functions are given below. 1; is the image pixel at the current location taken from the

i'th image from a sequenceof N, | is the meanvalue of the | image sequencesS; is the i'th value from
the stimulus function and g is the mean value of the stimulus sequence.

1 X
GBAM = W ' (Ii |)(Si S) (191)
"NOL s s
STIM = gp—. ' 'PN' S (19.2)
S (FRD ERE C I
S | S
FRIS = g¢—% where SP= gp—— (19.3)
EN0 (s sy ¥ s?

These statisitcal measuresare our interpretation of the basic statistical approachestaken in the GBAM
software, STIMULA TE software and by Friston's group (Tina memo 2001-002).
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19.2.5 Perfusion

This set of buttons provide regional analysis of temporal sequencedor the extraction of quartitativ e
parametersrelating to voxel level perfusion of tissue. It is intended to provide support for the \net- o w"
approach deweloped in our group (Tina memo 2001-003).

gamma t ts agammavariant to the timecourseat ead pixel location. The selectedparameter choice
option TTM, CBV, MTT, ERR, RCC (time to mean, cerebral blood volume, mean transit time,
residual error, or recirculation cortribution) determines which of these parametric descriptions of the
data to push onto the imcalc stack The initital execution of gamma t requires seweral secondsof
processortime. All parametric imagesreulting from that analysis are subsequetly available instantly
upon selectionwith the choice menu.

19.2.6 Permeabilit y

This set of buttons are usedfor the quartitativ e analysis of tissue permeability basedupon the rst pass
method deweloped in our group. Action of the buttons is similar to the use of the perfusion technique,
except the data also requires estimation of ip angles(Flips and absolute calibration T1 Calib before
parametric imagescan be computed usingperm t . This software is still under developmen and latest
developmerts have not beenfed back into the library.

19.2.7 Test

Thesefunctions are auxiliary to the main operation of the tool. Only an outline of functionality is given
asthesefunctions are liable to change.

o w/t plots the average o w-time graph for the regions shawn in the binary maskimage at the top of
the stack. For eac imagein the sequencehe pixel intensities over the region are averagedand the result
is plotted together with the corresponding scantime information.

rep ort generatesa patient report of the form shovn below.

19.3 Seqguence images segmentation examples

19.3.1 FMRI example

It is assumedthat the FMRI sequencehas already beenloaded into the Sequence Tool. Ensure that
the NMR Analysis Tool, the Imcalc Tool and two Tv tools (one installed under sequencethe other
under imcalc) are all open.

1. Ensurethat dynamic timing information is preser.

2. Ched the Stim Params options. Ensure that the hwave option correctly speci es the length
of the expected “on' and "o ' periods. Change the value of o set to the range of phasesto be
searded, or zero if no phaseshifting. Ched the iphase parameter and ensureit represens the
correct start phase.

3. Click the SQR option on the Stim. Func list.

4. If desired,openanother Tv and install it underimcalc graph. By changingthe params,and clicking
SQR the stimulus function can be modi ed until the correct form of the function is visible.

5. Selectthe desired correlation function from the Sequence correlation function list.

6. Click compare to initiate the comparison. The resulting correlation image will be placed on the
top of the image stack and will thus appear in the imcalc Tv window.

7. The correlation imagemay then bethresholdedto extract a binary maskof the “active' and “inactive'
regionsusing the thres button in the Imcalc Tool.
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8. The mask- >connect mouseoption can be usedto identify those activations regions of interest,
cleaning the mask.

9. The activation mask can be reusedto de ne the stimulus function by selecting Mask from the
Stim ulus options. In this way, the square-wave function can be usedto "bootstrap’ the process.
Once a rough estimate of the location of activations is found, capturing examplesusing masks
reducesthe restrictions of comparisonto speci ¢ mathematical functions and provides an estimate
of the most signi cant responsecurve in the temporal data. This processcan be interpretted as
an principle componert analysis using the power method.

19.3.2 Perfusion segmentation example

It is assumedthat the FMRI sequencehas already beenloaded into the Sequence Tool. Ensure that
the NMR Analysis Tool, the Imcalc Tool and two Tv tools (one installed under sequencehe other
under imcalc) are all open.

Load an imagefrom the temporal sequenceanto the Imcalc Tool.

Binarise the image in order to specify the required analysis(t) region.

Usethe region t processto determine suitable global tting parameters.

Fit all data usinggamma t .

a > o

Selectadditional parametric imagesas required using the Perfusion choice menu.
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Chapter 20

Coreg Tool

20.1 Intro duction

The TINA coregistration tool automatically calculates the rigid transformation required to align two
images or image volumes of the same scene. For instance, if two MR volumes of a subject's brain
have been acquired during di erent scanning sessionsthen the coregistration tool allows the user to
automatically calculate the transformation model required to align the volumes, allowing direct regional
comparisons. The tool is divided into two panels: the \simple coregtool" and the \advanced coreg
tool". The results of the alignment are displayed in a dialog box, the \AIR Parameters Dialog Box".
Coregistration results can be stored in binary AIR les: the format is compatible with an automatic
image registration program called AIR.

20.2 The Simple Coreg Tool

20.2.1 Loading Data

Data for the coregtool is loaded via the sequencetool. Two volumes are required: the target image
volume i.e. the volume the userwishesto align to, and the sourceimage volumei.e. the volume that will
be manipulated with the parametersof the transformation model in order to align it to the target image
volume. The Tina coregtool calculatesrigid coregistrations, where the transformation model consistsof
a translation, a rotation, and a scaling. Sincethis tool is usedprimarily to align medical data sets,which
typically consistof 100000voxels, the maximum physically-meaningful accuracy can be achieved with
only a small samplefrom the data. Therefore, in order to reducethe processortime required to perform
a coregistration, only the data on three orthogonal planesprojected through the image volumesare used.
Thesethree planesare speci ed by the certre point at which they intersect, which is entered by the user
into the \Centre x, y, z" elds in the simple coregtool, and are displayed in the three coregTvs.

In order to load the data, rst specify the target image volume and load it via. the sequenceool. Then
specify the certre point in the simple coregtool. Pressthe repaint button on any of the three coreg
Tvs to display the three projected planes. The aim is to selectthree data-rich projections: alter the
certre point and repeat until satisfactory projections are obtained. Setting the certre point to the actual
certre of the image volume is usually a good starting point, although it should be rememberedthat the
alignmert will be most accurate at the certre point, and soif the intention is to examineonly a particular
structure, a certre point within that structure should be specied. Non-integer values can be entered
as a certre-point: the projections displayed in the Tvs will be produced using the interpolation routine
speci ed by the \Reslice" choice elds (described below). Tri-linear interpolation (the \linear" choce) is
typically usedasthis represers a reasonablecompromisebetweenspeedand accuracy

Once satisfactory projections have beenobtained, the data is latched. This storesthe three projections
displayed in the coregtool Tvs, allowing a secondimage volume to be loaded. Latching of the data is
achieved using the \Latc h" choice elds. These also specify how the data will be displayed when both
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volumesare loaded. The choicesare

image: Display only the three planesthrough the image volume currently loadedinto the sequence
tool. If both target and source volumes have been loaded, selecting this choice will discard the
target volume, resetting the coregtool.

anaglyph: Display the target imagesin greenand the sourceimagesin red.

edges:Display the results of edgedetection on the two image volumes (target image edgesin red,
sourceimage edgesin blue) on top of the planesprojected through the current sequence.

chequer: display a chequerboard pattern, with alternating squarestaken from the sourceand target
volumes.

The \anaglyph" choice is typically used. When the data is latched, the threshold speci ed in the AIR
parameters dialog box is applied: voxels with grey-lewels lower than the speci ed value will be ignored
during the coregistration. This can be usedto ignore the air spacearound MR imageswith certain
modalities, or to eliminate certain image structures. However, in general the threshold should be set
to a value lower than the lowest grey-lewvel in the image volumes, ensuring that all of the image data is
usedin the coregistration. When the latch choice is selected,the number of voxelsin the image volume
that lie above the threshold will be displayed (as a percerntage of the total number of voxels) in the text
window of the top-level tinaT ool. The displays in the three Tvs will also show the voxels that lie above
the threshold in green,on top of the three projections in black-and-white, shaving which structure have
beenselected.

Setting the latch choicebadk to \image" at any point will discard the three projections through the target
image volume stored in memory, and display the three projections through the image volume currently
loadedinto the sequenceool in the three coregTvs. This resetsthe coregtool. If no sequencas currently
loadedin the sequenceool, empty imageswill be displayed in the coregTvs.

Oncethe target imageshave beenlatched, the sourceimage volume can be loadedvia. the sequenceool.
Pressingrepaint in any of the three coreg Tvs will display the sourceimage volume on top of the target
image volume using the method speci ed by the latch choice. For example, if \anaglyph" was selected,
the target image volume will be displayed in green,and the sourceimage volume in red.

20.2.2 Manual Coregistration

Coregistrations can be preformed manually using mouseinteractions with the three coregtool Tvs. Once
both data volumeshave beenloaded, selectthe \Mouse" drop-down list using a right mouseclick in the
Tv, and select\zo om" using a left mouseclick. Do this in all three Tvs in turn. The sourceimagevolume
can then be manipulated using the mouse. With the mousepointer over one of the Tvs, holding down
the left mousebutton and moving the mousewill translate the sourceimage with respect to the target
image. The sourceimage will be displayed as a wire-frame during this process. On releasingthe left
mousebutton, the displays in all three Tvs will be updated with the translation that has beenapplied.
The certre mousebutton will apply rotations in a similar fashion (this functionality may be achieved by
holding down both the left and right mousebuttons on certain systemswith two-button mice). The right
mouse button applies scalings. Right click and hold, then drag to draw a rectangle. The sourceimage
volume will then be scaledto t inside this rectangle: if the rectanglelies within the Tv, the sourceimage
volume will be scaleddown; if the rectangleis biggerthan the Tv, the sourceimagevolume will be scaled

up.

20.2.3 Automatic coregistration

Tina can perform the coregistration automatically, by optimising a metric that measuresthe similarity
betweenthe two image volumes. Two metrics are available: a chi-squared metric basedon the alignment
between edgesin the images, and the Mutual Information measure(see Advanced Coreg Tool below).
Both methods usesimplex optimisation, alocal optimiser. Therefore, a rough alignment must be achieved
beforeautomatic coregistration, to prevent the optimisation becomingtrappedin a local minimum. This
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rough alignmernt can be achieved either by hand, using the manual methods speci ed above, or by loading
in an AIR le specifying the rough alignmert. If such an AIR le exists, enter its path in the AIR le
eld, and press\input" in the simple coregtool. The valuesspecied in the AIR le will be loadedinto
the AIR parametersdialog box, and the result of applying the transformation to the sourceimage volume
will be displayed in the three coregTvs.

Prior to coregistration, selectthe degreesof freedom that the transformation model will possessausing
the \Mo del" ched buttons. Any combination of translation, rotation and scaling can be selected.

During coregistration an interpolation algorithm is usedto resample the source image volume on the
voxel grid of the target image volume. The interpolation routine to be usedis selectedvia. the \reslice"
choice buttons. The routines available are

Nearest: take the grey-level value of the voxel in the sourceimage volume that is closestto the
required position

Linear: performs a trilinear interpolation

Sinc 5/7: performs renormalisedsinc interpolation (seeTina memo 1999-005)using either a 5x5x5
or 7x7x7 voxel kernel.

The choseninterpolation algorithm is alsousedto producethe displaysin the three coregTvs, to produce
the stored projections through the target image volume when the data is latched, and to reslicethe data
after coregistration (seebelow). In general,tri-linear interpolation providesa good balancebetweenspeed
and accuracy Sinc 5 interpolation will produce a more accurate result, but will require several minutes
to perform an automatic coregistration. Note that the interpolation method can be freely changed at
any time: for instance, the coregistration can be performed using tri-linear interpolation for speed,then
the data can be resliced using sinc5interpolation for increasedaccuracy

In order to perform the automatic coregistration, pressthe \Coreg" button. The edge-basedsimilarity
metric will then be optimised, the resulting transformation model parameters displayed in the AIR
parametersdialog box, and applied to the sourceimagein the three coregTvs. The valuesof the similarity
metric before and after optimisation, and the number of iterations performed, will be displayed in the
text window of the top-level tinaT ool. Due to the nature of simplex optimisation, more accurate results
(subject to a law of diminishing returns) can be achieved by re-running the automatic coregistration (by
pressing\Coreg" multiple times: little increasein accuracy will be obtained after the third run). The
calculation of the similarity metric is dependert on the \b order" and \blur" elds, describedin the AIR
parametersdialog box quick referencebelow. In general,a border of 5 is su cien t if a rough alignemnt
has been achieved before coregistration. A \blur" scaleof 0.75 should be used for imagesof the same
scene(same subject for medical image volumes). Note that, although coregistrations can be performed
betweendi erent sceneg(di erent subjects) the statistical interpretation of the similarity metric in this
caseis questionable, regardlessof the similarity metric used. The blur scaleshould be set to a higher
value (typically 3) in such coregistrations to accommalate the di erences betweenthe data (the source
image volume) and the model (the target image volume).

The edge-basedsimilarity metric may have problems coregistering image volumes in which equivalent
edgeshave opposite signs. This situation may occur when coregistering MR and CT images. In this
situation, usethe \Mo dality" choicein the advancedcoregtool (seebelow).

20.2.4 Outputting the Results

The results of the coregistration can be output in one of two ways: writing out a binary le (the AIR
le) containing the transformation model, or re-slicing the sourceimage volume. Pressing\push” in the
simple coregtool will output the projection through the sourceimage displayed in the currently active
coregTv: pressing\seq reslice" will reslicethe whole sourceimage volume, producing an image volume
where the individual imagesare at equivalent positions to those in the target image volume. In either
casethe imageswill be entered onto the imcalc tool stack, and can be viewed in the imcalc tool Tvs.
Pressing\stack-seq" will deletethe current sequenceand copy the results stored in the imcalc tool stack
into a new sequencewhich can then be viewed or output via. the sequencetool.
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Alternativ ely, the transformation model can be output as an AIR le. Enter the desired path and
lename, either asan absolute or relative path (relativ e to the directory in which the tinaT ool was run),
into the \AIR le" eld, and pressoutput. AIR les arein a binary format, and are compatible with the
image registration program called AIR. AIR les canthen beinput in later sessiondy pressing\input”.

The transformation model parameterscan alsobe displayed in the text window of the top level tinaT ool,
with the rotation parametersdisplayed as angle cosines,by pressingthe \dump" button.

20.3 Simple Coreg Tool Quick Reference

Help button: spawns a text window containing online help for the coregtool.
Advancedbutton: spawnsthe advancedcoregtool.

Tv choice: setsthe current tv. The coregtool has three tv's: x, y, and z, which display three
planesthrough the data volumes,de ned asthe planesthat passthrough the location speci ed by
the certre point. Only the data in these planesis usedto calculate the similarity metric usedin
the coregistration.

Centre: de nes the point in the referenceimage volume at which the x, y, and z planesintersect
(seeTv choice).

Up/down buttons: adjusts the certre point by onevoxel in the X, y, or z direction, asspeci ed by
the current tv choice.

Factor: speci es a zoom factor betweenthe two image volumes.
Zoom button: repaints the Tvs accordingto the speci ed certre and zoom factor.

Reslice choice: speci es the interpolation algorithm usedto resamplethe sourceimage volume on
the voxel grid of the target image volume, both for display in the coregTvs, and for calculation of
the similarity metric during optimisation. The choicesare:

{ Nearest: take the grey-level value of the voxel in the sourceimage volume that is closestto
the required position

{ Linear: performs a trilinear interpolation

{ Sinc5/7: performs renormalisedsinc interpolation (seeTina memo 1999-005)using either a
5x5x5 or 7x7x7 voxel kernel.

Push button: pushesthe image displayed in the current coregTv to the imcalc tool stack.

Latch choice: speci es how the coregTvs display the volumes. The choicesare as follows:

{ image: display only the three planes through the image volume currently loaded into the
sequenceool. If both target and sourcevolumeshave beenloaded, selectingthis choice will
discard the target volume, resetting the coregtool.

{ anaglyph: display the target imagesin greenand the sourceimagesin red.

{ edges:display the results of edgedetection on the two image volumes (target image edgesin
red, sourceimage edgesin blue) on top of the planesprojected through the current sequence.

{ chequer: display a chequerboard pattern, with alternating squarestaken from the sourceand
target volumes.

Model choice: speci es the degreesof freedom included in the transformation model: and choice
of translation, rotation and scaling can be selected.

Seqreslice button: reslicethe current sequenceaccordingto the transformation model (seemodel
choice), using the speci ed interpolation algorithm (seereslice choice), pushing the results to the
imcalc stack.

Segnorm button: apply coil inhomogeneity correction (see Tina memo 2000-004)to the current
sequence:this is speci c to MR data.
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Set scalesbutton: apply the scalesspeci ed in the sequenceool to the current image volume.

Coregbutton: perform the automatic coregistration, applying simplex optimisation to a chi-squared
measureof similarit y betweenthe edgesin the two imagevolumes. The parametersof the optimised
transformation model are displayed in the AIR parametersdialog box, and applied to the source
image volume displayed in the three coregTVs. The value of the similarity metric beforeand after
coregistration, and the number of loops performed in the optimisation, are displayed in the text
window of the top-level tinaT ool.

AIR le: species a le containing the transformation model. A binary le format is used.

Input button: input a transformation model from the specied AIR le (seeAIR le), load the
valuesinto the AIR parametersdialog box (seeAIR ParametersDialog Box), and apply the trans-
formation to the sourceimage, displaying the results in the three Tvs.

Output button: output the current transformation model, as displayed in the AIR parameters
dialog box (seeAlIR ParametersDialog Box), to the specied AIR le (seeAlR le). This canbe
usedto store the results of the coregistration for future sessions.

Swap button: invert the current transformation model. If the result of coregisteringimage volume
A to image volume B has previously beenstored as an AIR le, this button allows the result to
be displayed with the data in the reverseorder (i.e. a coregistration of image volume B to image
volume A.

Dump button: output the current transformation model to the text window of the top-level tina-
Tool, displaying the rotation as angle cosinesrather than a rotation matrix.

Params button: spawn the AIR parametersdialog box.

20.4 The AIR Parameters Dialog Box

The AIR parameters dialog box displays the current transformation model parameters, together with
basic information about the image volumes. Manual alterations to the elds in this dialog box can be
output to an AIR le, or applied to the volumesdisplayed in the coregtool Tvs by pressingthe \zoom"
button in the simple coregtool. The meaning of each eld is givenin the quick referencesection below.

20.5 AIR Parameters Dialog Box Quick Reference

Standard: the path of the target image volume.

Dimensions: the dimensions (humber of voxels in the x, y, and z directions) of the target image
volume.

Set S button: copy the path of the target image volume to the lename eld of the sequenceool.
Scale: the voxel sizesof the target image volume.
Reslice: the path of the sourceimage volume.

Dimensions: the dimensions (number of voxels in the X, y, and z directions) of the sourceimage
volume.

Set R button: copy the path of the sourceimage volume into the lename eld of the sequence
tool.

Data: value appendedto the AIR lename.
Dec button: decremen the data value (seedata).
Inc button: incremert the data value (seedata).

Scale: the scaling matrix of the current transformation model.
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Er: the rotation matrix of the current transformation model.
Et: the translation matrix of the current transformation model.

Threshold: speci es a threshold applied to both the sourceand target image volumes: data with
grey-lewvels lower than this threshold are not sampled either for display on the Tvs or calculation
of the similarity metric. This allows the air spacearound MR imagesof certain modalities to be
ignored.

Blur scale: species the standard deviation of a Gaussian blurring applied to the data before
calculation of the simple coregistration similarity metric, allowing the suppressionof small-scale
structure.

Border: speci es a border around the sourceimage volume (in voxels). Data from this region is
not sampledduring calculation of the similarity metric. The value should be set to the maximum
expected o set betweenthe two image volumesthat will be applied during coregistration, ensuring
that the region ofimagedata sampledwill not changedueto changing overlap of the imagevolumes:
this form of data stationarity is essetial for the calculation of chi-squared similarity metrics (see
Tina Memo 2004-001).

20.6 The Adv anced Coreg Tool

The advancedcoregtool provides automatic coregistration using the Mutual Information (MI) similarity
measure,together with accesso lower-level parametersin the coregistration. Although the MI coregis-
tration can be usedby following the instructions below, the other functions available here are only used
for researt into coregistration. SeeTina Memo 2004-001for more information.

The MI coregistration has been found to give a more accurate determination of the parameters of a
coregistration, particularly the rotation parameters. In order to invoke it, load and latch the target
volume, then load and roughly align the sourceimage volume, as with the simple coregtool. Selectthe
choicesin the advanced coregtool as follows:

MI choice: Trad.

Angles choice: either of the quaternion represerations.
Max. ig. choice: O

Limit bins choice: O .

Bin sizechoice: 1 .

Hist smooth: Gauss.

Power: 4.0.

Main peak remover: O.

Then pressthe "Ml auto" button to perform automatic coregistration using the Ml metric in place of
the edge-basedmetric. Note that the \modality choice" button and \blur* eld do not apply to MI-
basedcoregistration: the functionality of all other buttons and elds in the simple coregtool and AIR
parametersdialog box are unchanged.
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Chapter 21

SeqROIl Tool

21.1 Intro duction

The purpose of this tool is to allow the userto mark around 3D structures (using closed 2D splines),
to display thesein 3D, and allow them to be saved and loaded, recording the volumes of the structures
marked (see Tina memo 2000-010). These regions can then be applied to other processingin order to
summarise parametric measuremets within regions (or simply to measurevolumes). The software is
currently restricted to be able to manipulate up to 6 separatevolumes.

In order for the tool to work properly the sequenceof imagesyou are consideringneedsto be loaded and
shown in a Sequen@Tv.

21.2 Graphics and Splines

3D rep
To visualise the mark-ups in 3D, install a Tv using this button, to produce a threed Tv.

Draw Spline

Click on Draw Spline and then Mouse >mousein the Sequen@Tv. Usethe left mousebutton to
position the points of the spline, and the middle button to create the spline.

Edit Spline

Click on Edit Spline and then Mouse > mouse(if not already selected)in the sequenceTv. To
move a point on the spline, click with the left button on the spline point and drag to required
position. To insert a point, click with middle button; to delete a point, click on the point with the
right button. Note that becauseof the spline represenation, there must be three remaining points
in the spline.

Remo ve Spline

Click on Remo ve Spline to remove the spline in the given VOI for that slice.

Imp ort from Poly

If any Tv panel has a polygonal region of interest marked out, clicking on this button results in
the poly_roi being converted to a spline and represeried on the sequencelv and threed Tv.

Exp ort to Imcalc

Usethis button to convert a spline to a poly_roi and display in the imcalc Tv. | think you needto
have an imagein the imcalc rst.
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21.3 The VOL: Buttons

It is possibleto simultaneously display 6 di erent volumes of interest using the SeqROI Tool. Note
that you needto decidewhich VOL you are in before you do anything. For example, it is not valid to
have VOL=0, to draw splines,then click on VOL=1, and then print vol to save the splines, as Braintool
will write out the splinesin VOL 1, not the splinesyou've drawn in VOL 0.

Empty VOL
Removesall of the splinesin the given VOL.

Prin t vol

This writes out an ascii le containing the volume of the voi, and details of all the control points
of all the splinesin the givenvolume. The le you write to is given by the Directory and Filename
elds. Note that no extensionis needed,Braintool automatically adds.voi# to the lename, where
# is0 >5, accordingto which VOL is chosen.

Read vol

This readsin the voi speci ed by the Directory, Filename and VOL elds, and displays the splines
in the sequenceand threed Tv's.

89



Chapter 22

The DODECANTS Tool

22.1 Intro duction

Distinctiv e patterns of acceleratedcerebral atrophy are a feature of a large number of neurodegenerative
and demerting disorderssud as Alzheimer's disease frontotemporal demertia, Parkinson's diseaseand
others. Therefore, analysisof thesepatterns can be usedfor diagnostic decisionsupport. Cerebralatrophy
can be measuredeither through measuremets of grey and white matter volumes,or measuremets of the
volume of the cerebro-spinal uid (CSF). Sincethe interior volume of the cranium is approximately xed

throughout adulthood, increasesin CSF volume provide an accurate marker for decreasesn grey and
white matter volume. However, the CSF has markedly di erent physical properties to the other tissues
presert in the cranium, and soit is possibleto design MR pulse sequenceghat exhibit high grey-level
separation between CSF and the other tissuespresert. This leadsto more accurate segmetation, and
thus more accurate volume measuremets, than would be possibleif grey and white matter volume were
measured.

The DODECANTS tool implements an updated version of the functionality described in [8]. The aim
of the algorithm is to map the distribution of CSF volumesin the cranium at a coarselevel, and to per-
form nearest-neighbour classi cation of the distributions in previously unseendemertia patients through
comparisonwith the distributions in a set of patients for whom reliable diagnosesare available. These
classi cations can then be usedfor diagnostic decisionsupport. Sincethe interior volume of the cranium
is approximately xed throughout adulthood, increasesin CSF volume provide an accurate marker for
decreasesn grey and white matter volume. Howewer, sincethe grey-level separation between CSF and
the other tissuespresert is higher than the separation betweengrey/white matter and bone, fat and air,
for the MR imaging sequenceused here, the signal-to-noiseratio for the segmeitation processis higher
and thus the segmetation is more accurate.

The DODECANTS tool combines functionality from seweral other TINA tools. The analysis procedure
consists of four stages: registration, segmemation, CSF volume measurememn and normalisation, and
nearest-neighoour classi cation. First, all imagesunder analysisare registeredto a consistert coordinate
system using rigid Mutual Information (MI) basedregistration [1, 2], as described in TINA Memo nos.
2001-013,2003-002and 2004-001. Segmemation of the CSF is achieved using the EM-based algorithm
described in TINA Memo no. 2004-009[7] (seealso [6], [4], [10], and [5] for details of the developmert
and testing of this algorithm). The CSF volume maps are then multiplied with a set of binary masks,
drawn by hand in the standard coordinate system. The masking has two purposes:to delete non-CSF
uid spaces(e.g. eyes,sinuses)and to enforcea consistent inferior boundary to the measuremem space,
de ned by drawing a line in the mid-sagittal section parallel to the horizontal axis that passesthrough
the junction of the calvarium and the tentorium ceretelli. The anterior, posterior, lateral, and superior
boundaries of the CSF spaceare automatically identi ed by locating the extremesof the CSF.

The CSF spaceis then divided into twelve equi-sizedrectangular volumes,de ned by planeswhich divide
the spaceinto anterior, certral and posterior thirds, lateral halves, and superior and inferior halves,
and the CSF volume in ead of these regionsis measuredby counting the number of pure CSF voxels,
and the number of partial volume voxels containing more than 50% CSF by volume, and multiplying
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with the voxel dimensions. The purpose of the arbitrary division of the spaceis to allow analysis of
patterns of cerebral atrophy independert of any prior hypothesis regarding spatial distribution. The
volume measuremets are then normalised for variation in head sizeand for normal age-relatedatrophy,
using the proceduresdescribed in TINA Memo no. 2004-002[3]. Head sizenormalisation is accomplished
by dividing all volume measuremets by the total intracranial volume (TI1V), computed from the volume
of the bounding box on the CSF spaceas described in TINA Memo no. 2004-002,which is in turn

computed by nding the product of the maximal extents of the CSF in the anterior-p osterior, lateral,

and superior-inferior directions. Normalisation for age-relatedatrophy is accomplishedusing a Weibull

cumulativ e distribution functional t to volume measuremeis from 70 normal volunteers, as described
in TINA Memo no. 2004-002.

The twelve normalised CSF volumesare then usedto calculate v e reducedvariables,

W,

|

;

where F is the sum of the anterior four volumes, M is the sum of the certral four volumes,B is the sum
of the posterior four volumes, P is the sum of the left six volumes, S is the sum of the right six volumes,
U is the sum of the superior six volumes, and L is the sum of the inferior six volumes. Left and right
in this caseare the left and right sidesof the image, not necessarilyof the patient. Thesevariables are
relative, and so errors in certain stagesof the analysis, sudh as misregistration, will be removed to rst

order by this procedure. Finally, a k-nearest-neighbour classi er is run on the reducedvariables, using a
leave-one-outapproach to classify ead data set on the basisof the others. These diagnosescan be used
to estimate the sensitivity and speci cit y of the technique.

It should be noted that the DODECANTS tool is still under active developmert. Therefore, the interface
has been optimised for maximum functionality, rather than simplicity, and so some of the procedures
described belov are complex. In addition, chedks have not beenimplemented for all memory-related
failure modes (e.g. missing input les), and sothe tool may crash if misused.

22.2 Installation

In order to usethe TINA DODECANTS tool, you must already have compiled and installed the TINA
libraries. Seethe TINA website

http://www.tina-  vis io n. net

for instructions. The DODECANTS tool forms a part of the main TINA distribution, and is included in
the example 2 toolkit located in

tina-tools/toolk its /e xample2
Oncethe main TINA libraries have beencompiled, cd into this directory and type

make
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The DODECANTS tool includes functionality from an number of other TINA tools (the Sequenceool,
the Coreg tool, the Imcalc tool and the Segmetation tool), and so information on the progressof the
algorithm is displayed acrossa number of tool windows and TV's. In order to simplify the process
of setting up the required windows, a macro has been produced. In order to use this macro, use the
command

JtinaTool  -f oct _test

in order to run the toolkit.

22.3 Use of the DODECANTS Tool

22.3.1 Preparation of the Data List

In order to allow rapid processingof large numbers of data sets,the DODECANTS tool requires a list
of the data setsto be analysedas input. This list should be in text format and should look like the
following:

No of data sets
Path to rough tair file

No of slices Path to standard brain image
No of slices Path to subject brain image
Label Disease code Age

\No of data sets" is the number of data setsin the list. \P ath to rough tair le" is the absolute path to
the le containing the initial starting point for registration (see Section 3.2 for details). \No of slices"
and \P ath to standard brain image" are the absolute path to the MR image volume usedto de ne the
standard coordinate systemand the number of slicesin that volume (seeSection3.2for details). Following
thesethree lines, there are two lines for ead subject in the data list: \No of slices"and \P ath to subject
brain image" are the number of slicesin the subject MR image volume and the absolute path to that
volume; \Lab el" is a simple namethat will be usedto identify the subject in any output les; \Disease
code" is a single digit code (from 1 to 9) usedto represert the diseasethat the patient is su ering from;
and \Age" is the ageof the patient in years. An exampleis given below.

2

/home/pab/data/r ough. tair

49 /home/pab/data/n ormd b rain
49 /home/pab/data/p atie ntl
alice 4 61

49 /home/pab/data/p atie nt2
bob 1 66

The label should be a text string with no spacesor special characters, and the diseasecode can be
arbitrary: it will only be usedto cluster the data in the KNN classi er and to prepare les listing the
colours applied to ead data point in the output les for display in xgobi. The colours applied are as
followed:

SkyBlue
Orange
Red
Green
Yellow
Blue
White
White
Grey
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Our in-house use of the labelsis as follows:

Normal control

Alzheimer's disease
Vascular dementia
Fronto-temporal dementia
Lewy Body disease
Schizophrenia

Possible Alzheimer's disease
Possible Vascular dementia
Undefined

©CoNokrwDE

The DODECANTS tool requires that all of the data setsto be analysed are in ANAL YZE format.
Howewer, TINA is capableof loading a variety of medical image formats and corverting them. Therefore
if, for example,you wish to analysedata in DICOM format, start atinaT ool, load ead imagevolume into
the Sequenceool, and output it asan ANAL YZE imagevolume. Due to the restrictions of the ANAL YZE
format, the imagesmust be cast to integer variable type prior to output: this can be accomplishedby
pressingthe \int" button on the \image type" choicelist in the sequenceool prior to output. Seethe
TINA User's Guide for more information on the use of the Sequenceool

22.3.2 Registration

The DODECANTS tool is designedto use a single MR image volume to de ne a standard coordinate
system, allowing comparisonsof regional CSF volume measuremeits acrossgroups of subjects. An in-
housestandard has beenusedin the work conducted within the TINA core group, and is available at

http://www.tina-  vis io n. net/t ina-main /t arballs /IDODEEANT%a tro phy_standard_brai n.tar.g z

If usersof the DODECANTS tool wish to usethe samestandard, then this data set should be downloaded
and extracted, and the path to the norm.img le entered into the data list (without the .img extension).
The le isin ANALYZE format. More widely used coordinate systems(MNI Brainweb, Taliarach etc.)
could be substituted, but usersshould be aware that this will require preparation of the masksusedin
the segmemation stage. The masksrequired for the TINA standard are contained in the tarball listed
above, in the le norm_bincut. Theseshould be left in the samedirectory asthe standard brain image.

The TINA MI registration algorithm usessimplex optimisation: sincethis is a local optimisation routine,
arough alignment of the sourcedata setto the target is required asa starting point. The rough alignment
should be preparedin advance,and the results stored in a .tair le, following the instructions givenin the
TINA User's Guide. It needonly bring the imagesinto a very rough alignment, and so can be prepared
by manual rotation, translation and scaling. The rough alignment will be applied to all data setslisted
in the data list: if the data setsare themselesvery poorly aligned (e.g. consistof a mixture of data sets
with axial and coronal slices)then they should be split into seweral data lists, and analysedseparately

Oncethe rough .tair le and data list have beenprepared, the registration stagecan be started. Run a
tinaT ool as described above, using the oct_test macro to set up the required windows. Then ernter the
path to the directory into the \Directory" eld of the DODECANTS tool, and the name of the data
list le (with any extension) into the \Data List" eld. Then pressthe \Bulk Coreg" button in the
DODECANTS tool. The tool will then run through all data setslisted in the data list, registering them
to the standard brain image, and writing the results to .tair les in the samedirectory as the original
data. For example, if the data setis called alice.img, the registration result will be called alice.tair_mi.

Since the registration usesa local optimisation, it may fail on a small number of data sets. Therefore,
prior to segmemation, the registration results should be chedked. With the path and name of the data
list entered into the relevant elds of the DODECANTS tool, pressthe \CC start" button. This will
initiate the coregistration cheder. Then pressthe \CC next button". This will load the standard brain,
the rst data setin the data list, and the registration result into the Coregtool, and display them in
the three Coreg Tv's. The result can be visually inspected. Pressingthe \CC next" button again will
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advanceto the next data setin the data list. When the end of the data list is reached, terminate the
coregistration cheder by pressingthe \CC end" button.

If the registration has failed on any of the data sets, (i.e. the data set is obviously not aligned to the
standard brain), it can be repeated using the Coregtool whilst still running the coregistration cheder,
by loading in the rough .tair le from the Coregtool and performing somemanual alignment followed by
another attempt at automatic alignment. Remenber to remove the previous .tair mi le and write out
the updated .tair le, using the naming convertion described above, once a satisfactory alignment has
beenachieved. Seethe TINA User's Guide for further instructions on the use of the Coreg Tool.

22.3.3 Segmentation

The CSF segmemation consistsof two stages: tting a partial volume model to the histogram of the grey-
levelsin the image volume under analysis,and production of a volumetric map of the CSF in the images.
The separation of the model tting from the actual segmemation allows the models to be cheded, and
any t failures corrected.

CSF segmetation is performed by optimising a model describing the pure tissue and partial volume
cortributions presert in the imagesunder analysis. The initial model must be prepared prior to segmen-
tation, and its location specied in the DODECANTS tool interface. Instructions on how to prepare
these models is given in the TINA User's Guide, in the chapter describing the segmemation algorithm.

The model consistsof parameters such as the number of pure tissuespresert in the images,their mean
grey levels and standard deviations, and a-priori probabilities describing their frequency of occurrencein

the images,and so eadh MR imagetype requiresa di erent model. However, the parametersare stored
in plain ASCII text les, allowing the initial model for the optimisation to be written manually, and some
sampleinitial models are provided on the TINA website at

http://www.tina-  vis io n. net/t ina-main /t arballs /se gnentat io n/

For example, the following initial model le was designedfor use on T1 IRTSE images, and contains
descriptions of three tissues(white matter, grey matter and CSF):

3 1 0.0000000000000000000001
-1800 1.0

-650 1.0

-120 1.0

0.0067

0.0143

0.0167

200 600 O
600 3500 2000
0 2000 3500
CSFGMWM

The rst line lists the number of tissuesincluded in the model (3), the number of imagesto be segmered
(1) and the threshold usedto reject outlier pixels (small). The \number of imagesto be segmermed"

parameter allows multi-dimensional data to be usedi.e. more than one MR image type of the same
region. Howewer, the DODECANTS tool assumesthat only one image volume is available. The next
three lines list the mean grey levels of the tissuesin the model and the priors usedto represen their

frequency of occurrencein the imagesunder analysis. The following three lines are the diagonal elemeris
of the inverse covariance matrix (i.e. the inversevariancesof the model componerts). The next three
lines are a matrix describing the frequency of occurrence of partial volume voxels: zerosin the matrix

imply that the two tissueshave no common boundaries. The nal line lists labels for eat of the tissues
in the model. Seethe chapter of the TINA User's Guide describingthe segmeitation algorithm for more
details.
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The DODECANTS tool assumeghat only a single MR image volume is available for eat subject under
analysis, since this is the most common scenarioin practice. It appliesthe TINA segmetation routine

by concatenating the sequencento a single image, and applying the segmemation routine to both the

image grey levels and the gradients, using the proceduredescribed in TINA Memo no. 2005-013.It had
beenfound empirically, particularly in young subjects with small CSF volumes,that the CSF peakin the

image histogram can be obscuredby partial volume contributions from voxels containing mixtures of CSF
and other tissues. Therefore, the tool includes functionality to select sub-regionsof the image volume
cortaining large amournts of CSF, thus enhancingthe CSF peakin the image histogram. This consistsof
selectingtwo rectangular sub regions from the images,and tting only the data in those regions. This

procedure has the additional bene ts that lessdata is usedin the segmemation, reducing the processor
time required, and the selectedregion includes only grey matter, white matter and CSF, soonly a three
tissue model is required. However, this model must still be written to correspond to the MR imagetype
being used.

The coordinates of theseregionscan be accessedby pressingthe \P arams" button in the EM Segmeiation

section of the tool. The parametershave beenset up to selectregionsaround the anterior and posterior
limits of the vertricles, wherethe largest concerrations of CSF are found. Usersmay wish to experiment
with theseparameters. In order to display the selectedregions, enter the pathname of the standard brain
image volume into the \Image le" eld of the Sequencetool, enter the number of slices(49) into the
\End" eld, and select\ANLZ" on the \File:" choicelist. Then press\Load" to load the standard brain
volume, which will be displayed in the Sequencetool Tv. Next, start the \P arams" dialog box of the
Coregtool and enter -2500into the \threshold" eld. This will ensurethat all voxelsare displayed. Enter
the mid-point of the standard brain sequencg128.0,128.0,24.5) into the \Center x", \y", and\z" elds

of the Coregtool, then press\zoom" and \anaglyph". The standard brain imagewill then be displayedin
the three Coregtool Tv's. Finally, pressthe \Display Box" button in the DODECANTS tool, followed by
\init" in any of the three CoregTV's, to display the regionsselectedthrough the segmemation parameters
dialog box. In order to clearthe Coregdisplays, press\Del Seq"in the Sequencdool, followed by \Image"

in the Coregtool. The parameters of the segmetation region selection can then be manipulated, and
the above procedurerepeatedto display the altered regions.

The limitations of image display in TINA dictate that the imagesprepared by the \Display box" proce-
dure are padded with zerosto keeptheir dimensionsconsistert with those of the original sequence.This
producesa large peak at zeroin the histogram, and sowill a ect the model tting stageof the segmenma-
tion. Therefore, an alternativ e proceduremust be applied to display the histogram of the selectedregion
and to set up the initial model. Prepare a data list with only one data set listed, and erter the location
into the DODECANTS tool asusual. Then pressthe \Image prep" button. This will prepare a set of
non-padded sub-imagesin the Sequencedool. Pressthe \Seq > one" button in the DODECANTS tool
to concatenatetheseinto a singleimage. Pressthe \push" button to copy this imageto the Imcalc stadk,
and press\init" in the Imcalc TV to display the image. A histogram can then be produced by selecting
\hist" in the \Imcalc mice" choice list, then clicking and dragging in the Imcalc TV. The histogram of
the selectedregion will be displayedin the Imcalc graph Tv. This will allow parameterssuch asthe mean
grey levels of eadh tissue to be determined. Then a rough guessat the initial model can be generated,
basedon the example given above. In order to display the result, pressthe \NMR Segmeit' button in
the top-level tinaT ool window to launch the segmetiation tool. Then enter the pathname of the model
le into the \Mo del File" eld, and pressinput. Finally, press\1D hist" in the NMR Segmem tool to
display the model componerts, overlaid on the image histogram, in the Imcalc Graph Tv. The initial

model can then be re ned and redisplayed manually, until a satisfactory initial model is generated. In

addition, pressingthe \ht scale" button in the NMR Segmen tool will scalethe model parametersto
improvethe t to the histogram. Combinations of these operations should be usedto produce a satisfac-
tory initial model. Once this has beendone, enter the desired pathname for the nalised initial model
into the \Mo del le" eld of the NMR Segmen tool and press\Output" to saveit to disk.

In order to run the segmemation stage of the algorithm, start a tinaT ool as described above, and erter
the directory and lename of the data list into the relevant elds. Then enter the lename of the initial
tissue model into the \initial model" eld. The tool assumesthat the initial model will be in the same
directory asthe data list. Enter any required parametersinto the segmetiation parametersdialog box.
Start the model optimisation stageby pressingthe \EM: model" button. The tool will then run through
ead data setin the list, tting the initial model to the data, and output the optimised modelsto text
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les in the samedirectories asthe data sets. For example, if the data setis called alice.img, the optimised
model will be called result alice. EM _model.

In order to facilitate the identi cation of any model tting failures, the \Mo del output" button will run
through a data list, writing out the meansand standard deviations of the pure tissue componerts of the
modelsto a single text le, using the name given in the \Output les" eld of the DODECANTS tool.
What to do about failed modelsis up to the user: for example, segmeiation could be repeated using a
di erent de nition of the regions, or a di erent initial model, or a mean of all of the successfully tted

models could be produced and substituted for the failed models.

Oncethe optimised models have been cheded, pressthe \EM: seg" button to run through the data list,

picking up the optimised models, and segmeting the CSF. The algorithm assumeghat the binary masks
required for detection of the eyesand sinusesfrom the CSF mapswill be contained in an ANAL YZE e,

located in the samedirectory asthe standard brain image volume, with the lename namebincut where
name s the lename of the standard brain image volume. The CSF maps will be multiplied with these
masks, and output as ANAL YZE les alongsidethe original data sets. For example, if the original data
setis called alice.img, the masked CSF maps will be called alice masked EM.img. Theseimagescan be
loaded into the Sequencetool for visual inspection: seethe chapter of the TINA User's Guide on the
Sequencegool for further information.

22.3.4 CSF Volume Measuremen t

Once the registration and segmemation stageshave beencompleted, the CSF volumes can be counted.
Enter the directory and lename of the data list into the relevant elds. Then choosea lename for the
output le that will contain the volume measuremets, and enter it into the \.tvs le" eld. Ensurethat
the lename has the .tvs extension. Finally, pressthe \Bulk CSF count” button. The tool will then
run through the data setslisted in the data list, measuringthe CSF volumesand someother important
parameters,and output them to the .tvs le. This le will cortain recordsthat look like the following:

alice 1 66.000000

--a 9961.531250 --b 16343.578125 --c 9568.833008
-+a 9009.450195 -+b 19038.785156 -+c 7531.889160
+-a 9074.429688 +-b 18499.179688 +-c 9097.030273
++a 11967.398438 ++b 23259.582031 ++c 10958.814453
X mml22.108154, y mm103.918434, z mml57.280487

The rst line consistsof the label, diseasecode and ageasgivenin the data list. The next four lines give
the CSF volume measuremets in ead of the twelve sectorsof the CSF space(in mm?3), in the order:

anterior left superior certral left superior posterior left superior
anterior left inferior certral left inferior posterior left inferior
anterior right superior certral right superior posterior right superior
anterior right inferior certral right inferior posterior right inferior

Left and right hererefer to the image plane as seenon the monitor, not necessarilyto the left and right
hands of the subject. The nal three lines give the maximal extents of the CSF spacein the x (lateral),
y (anterior-p osterior) and z (inferior-superior) directions.

Many userswill be interested only in overall CSF volume, and so the .tvs le can be rewritten into a
format more suitable for reading into other analysis programs. Enter the directory and lename of the
.tvs le into the \directory" and\.tvs le" elds of the DODECANTS tool and enter the desired output
le nameinto the \Output les" eld. Then enter the number of recordsin the .tvs le (i.e. the number
of data setslisted in the original data list) into the \KNEAR" eld, and pressthe \TVS >V12 button.
The .tvs le will be rewritten into columnsin the output le, in the following order:

subject disease code
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subject age

--a volume (normalised for head size)
--b volume (normalised for head size)
--c volume (normalised for head size)
-+a volume (normalised for head size)
-+b volume (normalised for head size)
-+c volume (normalised for head size)
+-a volume (normalised for head size)
+-b volume (normalised for head size)
+-c volume (normalised for head size)
++a volume (normalised for head size)
++b volume (normalised for head size)
++c volume (normalised for head size)
total CSFvolume (not normalised)
CSFbounding box volume

total intracranial volume

total CSFvolume (normalised)

The head size normalisation is accomplishedthrough division by the total intracranial volume (TIV) [9].
The total intracranial volume is calculated from the volume of the bounding box on the CSF space,as
described in TINA Memo no. 2004-002.Thus, all measuremets are quoted as proportions of the TIV.

22.3.5 KNN Classier

The nal stageof the algorithm is the normalisation for age-relatedatrophy and the KNN classi er. The
classi er can alsobe run just to get the age-normalisedCSF volumes: in fact, it is anticipated that this
will be the approach adopted by most users.

In order to run the classi er, enter the directory nameand lename of the .tvs le, and a namefor output
les, into the relevant elds of the DODECANTS tool. Then enter the number of recordsin the .tvs
le into the \KNEAR eld". Finally, pressthe \Run classi er" button. The tool will then run through
the .tvs le, picking up the CSF volume measuremeis, normalise them for head size and age related
atrophy (seeTINA Memo no. 2004-002),compute the reducedvariables W1 to W5 (seeabove), and run
a leave-one-outKNN classi er on the resultant data.

There are two switchesto control aspects of this process. The normalisation for age related atrophy
correctsthe CSF volumes by multiplying by the ratio of the average CSF volume in normal subjects at
a standard ageto the averageCSF volume in normal subjects at the subject's age. This standard ageis
calculated from the mean of the agesof the subjects listed in the .tvs le. Howewer, the \Fix meanage"
switch allows this meanageto be entered manually. This allows the meanageto be xed acrossanalyses
of multiple data lists, allowing the results to be compareddirectly. The secondswitch, \Optimise scales",
dictates whether to optimise the kernel sizeusedin the KNN classi er to give the best diagnosis, or to
usethose determined in our own work (see[8]).

The output will be contained in v e les, called name, name.vl2norm, name.dat, name.coloursand
name.rov, where name is the lename erntered in the \Output les" eld. The name.dat le contains
rows of the variablesW1 to W5 (seeabove), followed by the subjects age,for ead subject. The name le

cortains a list of the patients, with their diseasecode as speci ed in the original data list and the most
likely diseasecode as determined by the nearestneighbour classi er. This is followed by two matrices.
The rst is a matrix of original diagnosis(columns) against the predicted diagnosis(rows). The second
is the same matrix, but summed over the probabilities assaiated with the predicted diagnoses,rather
than quantised to the most likely diagnosis. Note that both matrices have rows and columnsfor the non-
existert diseasecode 0. The name.vi2norm le hasthe sameertries asthe .v12 le described above, but

with the volume measuremets normalised for age-relatedatrophy. The name.rov le lists the subject
labelsfrom the original data list, and the name.colours le lists coloursassaiated with ead diseasecode.
Theselast two les are usedfor data display in xgobi: if the name.dat le is loaded into this program,
then the points will automatically be labelled and coloured using these les.
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22.4 Quick Reference

Directory: the path to the directory (absolute or relative) in which the data list is located.
Data list: the name of the data list.
Initial model: the path (absolute or relative) of the initial model le usedin the segmemation.

.tvs le: The path (absolute or relative) of the le which will be usedto output the volume
measuremets.

Output les: The path of various output les: this has multiple useswithin the tool.

i
=

Coregistration:

Bulk coreg: Starts coregistration of the data setslisted in the data list
CC start: Starts the coregistration chedker (visual inspection of the registration result).
CC next: Advancesthe coregistration cheder to the next data setin the data list.

CC end: Ends the coregistration cheder.
2. EM segmeration:

Params: Launchesthe dialog box containing the segmemation parameters.

Display Box: Displays the region speci ed by the segmemation parameterson the standard brain
data set.

Image Prep: Takesthe currently loaded sequenceand replacesit with the sub-regionsde ned in
the params dialog box, placing the result in the sequenceool.

Seq >one: Takesthe currently loaded sequenceand concatenatesit into a single image, placing
the result in the sequenceool.

One >seq: Reversesthe e ect of the Seq > one button.
EM model: Starts the model optimisation stage of the segmetation.
EM seg: Starts the segmetmation basedon the optimised models.

Model Output: Outputs the main parameters of the optimised modelsto the le specied in the
\Output les" eld.

Bulk CSF court: Counts the CSF volumesand outputs them to the .tvs le specied in the \.tvs
le" eld.

TVS >V12: Readsin a.tvs le andrewrites it into columns,for easeof loading into other analysis
programs.
3. KNN Classier:

Scales:launchesthe dialog box cortaining the scaleparametersfor the nearestneighbour classi er.

Fix mean Age: \On" xes the mean age used in age-related atrophy normalisation to the age
speci ed in the \mean age" eld: \O" calculatesit from the mean age of the subject group.

Mean age: seeabove

Optimise scales: \On" will optimise the kernel sizesusedin the KNN classier: \O" will use
those speci ed in the code.

KNEAR: The number of subjects listed in the .tvs le.

Run Classier: Readsin the .tvs le specied in the \.tvs" le eld and runs the KNN classi er
in a leave-one-outfashion. A set of output les are generatedwith various extensionsappended
to the pathname given in the \Output les" eld. These les are designedto be displayed using
xgobi. Howewer, other display programs could be used.
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Chapter 23

Talairac h Tool

23.1 Intro duction

The Talairach Tool providesan interfaceto the Talairach stereotaxicatlas (Talairach & Tourneaux, 1988),
commonly usedin fMRI to label regionsof the brain.

23.2 Tool Description and Use

23.2.1 Prerequisites to using the Altas

In order to sucessfullyusethe atlas, a sequenceof imagesshould be presen in the SequenceTool. In
addition, theseimagesshould either have beenco-registeredto the standard Talairach brain, or the tair
le containing the co-registration parametersshould be loaded into the Coreg Tool.

The gzippedtar le \T altar.gz" (available from the TINA tarballs repository at www.tina-vision.net/tarballs)
should be unzipped and expanded(using tar zxvf Taltar.gz under linux/unix). A sensiblelocation to do
this is in /usr/lo cal. The le expandsinto a directory called Taliarach [sic].

In the Talairach Tool, the \T alairach Atlas" eld should contain the full pathname of the directory
cortaining the Talairach atlas, plus an X for the beginning of the lename (eg, /ust/lo cal/T aliarach/X ).

23.2.2 Obtaining Atlas Descriptions for Single Pixels

Using the SequenceT ool, scroll through to the slice of interest. Click on the \SequencePick:" \taliarac h"
button on the Talairach Tool and then left click on the SequenceTool Tv. The Xx,y,z-position in the
Talairach Atlas are displayedin the \x coord", \y coord" and\z coord" elds on the Tool, and a position
label (giving 5 descriptions from coarseto ne, eglobar to Brodmann area) is given in the text window
of the Tina Tool. Seesection 23.2.4 for a complete list of the regions subdivided into the 5 levels of
description.

23.2.3 fMRI functionalit vy

The buttons (Seardh Parameters, GO!, Activations, Grey Matter) at the baseof the tool implemen a
limited fMRI-related functionality.

Search Parameters

Pressthis button to bring up a dialog box for ertering x, y and z positional variance parameterson the
X y and z coordinates. At presen, this is redundart.
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GO!

Pressthis button to obtain the atlas description at the co-ordinatesspeci ed in the x, y and z co-ordinate
elds.

Activ ations

Pressthis button to producea list of co-ordinates (in Talairach space)in the Tina Tool text window of
the pixels in the image sequencewhich are above the threshold value, speci ed by the \Threshold" eld
in the Talairach Tool.

Grey Matter

Pressthis button to produce, in the Imcalc, an image of the grey matter pixels (as de ned by the atlas)
which are above the threshold (speci ed by the \Threshold" eld) in the currently displayed image in
the SequenceTool.

Press to Finish

Pressthis button to delete from memory any loaded database les.

23.2.4 Talairac h Regions

0 No data
Label 1

Inter-Hemispheric
Left Cerebrum

Right Cerebrum
Right Cerebellum
Right Brainstem
Left Brainstem

Left Cerebellum

~No ok WN B

Label 2

8 Posterior Lobe
9 Anterior Lobe
10 Frontal-Temporal Space
11 Limbic Lobe
12 Medulla

13 Pons

14 Midbrain

15 Sub-lobar

16 Occipital Lobe
17 Temporal Lobe
18 Parietal Lobe
19 Frontal Lobe

Label 3

20 Posterior Cingulate
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21 Anterior Cingulate

22 Subcallosal Gyrus

23 Sub-Gyral

24 Transverse Temporal Gyrus
25 Uncus

26 Rectal Gyrus

27 Fusiform Gyrus

28 Inferior  Occipital Gyrus
29 Inferior  Temporal Gyrus
30 Insula

31 Parahippocampal Gyrus
32 Lingual Gyrus

33 Middle Occipital Gyrus
34 Orbital Gyrus

35 Middle Temporal Gyrus
36 Superior Temporal Gyrus
37 Superior Occipital Gyrus
38 Precentral Gyrus

39 Inferior  Frontal Gyrus
40 Cuneus

41 Angular Gyrus

42 Supramarginal Gyrus

43 Cingulate Gyrus

44 |Inferior  Parietal Lobule
45 Precuneus

46 Superior Parietal Lobule
47 Middle Frontal Gyrus

48 Paracentral Lobule

49 Postcentral  Gyrus

50 Precentral Gyrus

51 Superior Frontal Gyrus
52 Medial Frontal Gyrus

53 Uvula of Vermis

54 Pyramis of Vermis

55 Tuber of Vermis

56 Declive of Vermis

57 Culmen of Vermis

58 Cerebellar Tonsil

59 Inferior  Semi-Lunar Lobule
60 Fastigium

61 Nodule

62 Uvula

63 Pyramis

64 Tuber

65 Declive

66 Culmen

67 Cerebellar Lingual

68 Hippocampus

69 Extra-Nuclear

70 Lentiform Nucleus

71 Amygdala

72 Hypothalamus

73 Red Nucleus

74 Substania Nigra

75 Claustrum

76 Thalamus
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77 Caudate
78 Cerebro-Spinal

Lab

el 4

79 Gray Matter
80 White Matter

Lab

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126

el 5

Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Brodmannarea
Caudate Tail
Caudate Body
Caudate Head

Fluid
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10
11
12
13
17
18
19
20
21
22
23
24
25
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
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127

Dentate

128 Ventral Anterior Nucleus

129 Ventral Posterior Medial Nucleus

130 Ventral Posterior Lateral

131
132
133
134

Medial Dorsal Nucleus
Lateral Dorsal Nucleus
Pulvinar

Lateral Posterior Nucleus

135 Ventral Lateral Nucleus

136

Midline Nucleus

137 Anterior Nucleus

138
139
140

Mammillary Body
Fourth Ventricle
Optic Tract

141 Anterior Commissure

142
143
144
145
146
147
148
149
150
151

152

Corpus Callosum

Third Ventricle

Medial Globus Pallidus
Lateral Globus Pallidus
Nucleus AccumbensSepti
Medial Geniculum Body
Lateral Geniculum Body
Subthalamic Nucleus
Lateral Ventricle
Putamen

No Data
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Chapter 24

Flow Tool

24.1 Intro duction

The Flow Tool providesfunctionality for post-processingthe resultant imagesof the \P erfusion" analysis
of the MR Analysis Tool. It estimatesthe absolute fractional Cerebral Blood Volume (CBV) from the
raw CBV maps, and derivesthe Net Mean Transit Time maps (NMTT) from the Time to Mean (TTM)
maps. The Net Cerebral Blood Flow (NCBF) is calculated from these maps. Details of the algorithms
are described in Tina Memo 2002-001.

The Tool is divided into three sections. First is the initialisation of the image volumes, next is the
actual calculations on the imagesto obtain NCBF values,and nally there are functions for producing
histograms of regional NCBF, basedon the Talairach Atlas.

24.2 Pre-requisites for Use

Before using the Flow Tool, sequence®f CBV and TTM mapsneedto be createdusing the MR Analysis
Tool. Thesesequenceshould contain the samenumber of images,and be of corresponding slices. These
sequenceshould ideally contain at least 5 cortiguous slices,a minumum of three is required.

To use the Regional histogram functionality, the Coreg Tool needsto be open, and either the co-
registration of the CBV/TTM maps to the Talairach atlas brain needsto be performed, or the tair
le cortaining the registration parametersshould be openedin the Coreg Tool. Also, the Talairach Tool,
specifying the location of the Talairach atlas database les needsto be open.

24.3 Using the Tool

24.3.1 Initialise Image Volumes

Load the CBV imagesinto the SequenceTool. Pleaseensurethat the x, y and z scalesin the Sequence
Tool are asthey werein the original data from which they were estimated (if they are not, insert them
manually, and click on\First"). Pressthe \CBV volume" button onthe Flow Tool to ensurethe sequence
is held in memory. Next, load the TTM imagesinto the Sequencelool. Pleaseensurethe TTM sequence
hasthe samenumber (and samecorrespondence)of imagesasthe CBV sequenceand ensurethat the x,
y and z scalesare correct. Pressthe \TTM volume" button to hold theseimagesin memory.

24.3.2 Perform Flow Calculations

The o w calculation buttons are intendedto be pressedin order, asindicated by the arrows linking them
on the tool. The calculations are not all concatenatedinto onebutton in order that the usercan save the
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output imagesof the various processingstages. However, pleasedo not pressthe buttons out of order.

Pro cess CBV

Pressthis button to normalisethe CBV valuesof the entire volume to the value of a voxel which is 100%
blood. In order to calculate this value, a maximum intensity projection (MIP) image of the ertire volume
is created. The square-raot image of this undergoestangertial smoothing to remaove potential t-failures

(please seeTina Memo 2002-001for more details) and this image is displayed on the Imcalc Tool Tv.

The square-root of the value of the 100% voxel is displayed in the Tina Tool text window. This value
should be somewherein the region of 1000-2000.If it is very much greater than that, ched through the
CBV volume and delete any high-valued pixels which are t failures.

Pro cess TTM

Next pressthis button to produce the NMTT images. These are displayed in the SequenceTool Tv
(pressinit on the Tv if they fail to appear). Note that there are two fewer imagesin this sequencehan
in the TTM sequenceasno NMTT image can be calculated for the upper and lowermost imagesin the
sequence(as slicesabove and below the slice of interest are required for calculation of the NMTT). If
you wish to output theseimages,it is a good idea to set the start and end valueson the SequenceTool
to the correct values.

NMTT Masks

The NMTT images contain high, spurious values at the interface between the badground and brain.
Pressingthis button producesmasksto remove thesehigh values. The binary masksare displayed in the
SequenceTool Tv, pressinit on the Tv if they fail to appear. Note that as for the NMTT maps, there
are two fewer imagesin the sequencehan in the original TTM sequence.

Get Flow Vol

The Net Cerebral Blood Flow (NCBF) values are computed from the CBV and masked NMTT maps.
The NCBF is in units of millilitres of blood per 100gtissue per minute. In order to produce maps with
pixel value distributions consistert with the Gaussian distribution, the imagesundergo a logarithmic
transformation, and theseimagesare displayed in the SequenceTlool Tv.

24.3.3 Regional Histograms

As explained above, before running the histogram functions to obtain regional log ow estimates, it
is necessaryto either co-registerthe ow volume to the Talairach atlas brain, or to load in a tair le
cortaining the registration parametersinto the Coregtool. In order to seethe plots of the histograms,
an Imcalc Graph Tv needsto be opened.

Init Hist.
Pressingthis button createsthe histogramsinto which the log(NCBF) valueswill be placed. Three sets
(for the whole brain and left and right hemispheres)of 153 histograms are created, covering grossbrain

regions, lobes, sub-lobar structures and whether the voxel is in grey or white matter. Pleaseseesection
23.2.4in the description of the Talairach Tool for a list of the regions.

Calc Flow Hists

Pressing this button allocates the log(NCBF) values for the ertire sequenceto the relevant regional
histograms. Note that the histograms are not mutually exclusive; one voxel value will be entered into
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more than one histogram becausethe regional labels are hierarchical.

Plot Hist

Having created the histograms, usethe \Hist" selectionto choosewhether to display a histgram for the
whole, left or right of the brain. Insert the number of the histogram (seesection 23.2.4) into the \Hist
no:" eld, then pressthe \Plot Hist" button. A histogram ofthe region is displayedin the Imcalc Graph
TV, and the region description label and mean of the valuesin the histogram is displayed in the Tina
Tool text window.
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Chapter 25

Cortical Thic kness T ool

25.1 Intro duction

This tool enablesthe estimation of region-speci ¢ cerebralcortical grey matter thicknessfrom T1 weighted
inversion recovery MR images. The tool currently relies on the assumption that CSF has on averagea
lower image intensity than grey matter, which has a lower intensity than white matter.

25.2 Tool Description

This sectiondescribesthe buttons and parametersof the tool, pleaseseethe next sectionfor a description
of how to usethe tool.

25.2.1 Cortical Thic kness Tool

Tv: 3D rep Usethis button to initialise a TvT ool asa 3D veiwer. This is required for drawing
3D lines (seebelow).

Mouse: seq Hold down this button and selectthe Profile option. Left click on the Sequence
Tv at a GM/WM interface (which you should already have determined using the Get GM/WM
button). If the position you have chosen coincideswith the boundary already determined, the
program calculates the direction of the surface normal through the grey matter and the point
along this line at which an opposing GM edgeis found. If an Imcalc Graph Tv is open, a pro le
plot of grey matter probability along this line is plotted. If an Imcalc Tv and Imcalc2 Tv are
open, 2D interpolated sectionsof pixel values, extending 2 pixels either side of the line are plotted,
where if the line is consideredto move in the z direction, then the planesrepreserted are x-by-z
and y-by-z.

Cort params Brings up the parametersdialogue box
Help At presert this doesnot work.

Test Boundary Usethis to view the results of the GM/WM boundary detection. Install a Mono
Tv, pushthe sliceof interest from the Sequencerl ool into the Imcalc Tool and pop it into the Mono
Tool. Pressthe Test Boundary button; the results should appear in pink overlaid on the Mono Tv.
Adjust the Canny parametersand Grey/White Midpoint (seebelow) as necessary

Cortical Thic kness Algorithm:

{ Get GM vol In order to run the cortical thicknessalgorithm, it is necessaryto load in both
a segmetted grey matter volume and the original T1 images. Pressingthis button storesthe
currently loaded sequence(which should be the GM segmered volume) in memory so that
the T1 volume can be loaded without losing the segmeited volume.
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{

Plot

{

Remo ve Skull Install an Imcalc Tv, then pressthis button. This producesa mask for each
slice which excludesthe CSF/skull boundary in the GM/WM boundary detection part of
the algorithm, as CSF/skull partial volumeshave similar intensity valuesto grey matter. In
practice, this is not really necessarybecausethe Talairach atlas regionswill tend to exclude
the CSF/skull boundary, soany erroneousthicknessesdue to this boundary will be ignored.
If you do useit, you needto watch the imageswhich appear in the Imcalc Tv. Theseshov
(ashing) views of ead slice of the brain. It is assumedthat there is a continuous band of
grey matter encompassinghe rest of the brain, and you should seethe images Il with red,
but the brain should remain black/purple. If any part (particularly around the occipital lobe)
doesnot have a continuousband of GM, and part of the brain lls with red, you will needto
increasethe Skull Seg parameter value in the parametersdialog box, perhapsin incremens
of 0.05.

Get GM/WM  Pressingthis button resultsin the GM/WM boundary being determined for
all slicesof the brain.

Get Thic kness Takesthe GM/WM boundary, determinesthe 3D surface normal at each
voxel on the boundary, traversesthe GM segmeted volume along this direction up to the
search extent de ned in the parametersdialogue box. If atrue edgeor a dip is found, the
distance traversedto that edge/dip is inserted into a histogram represeting the regionit is
in, according to the Talairach atlas (Please seeTina Memo 2004-007for more details). In
order for this to work, you also needto open the Coreg Tool and specify and input an Air
File for the registration parametersto register the image volumesto the Talairach Atlas. In
addition, you needto openthe Talairach Tool and specify the location of the Talairach atlas,
as well as the start of the lenames (the les all start with an X, soyou needto specify
/pathname/ X, eg, /usr/lo cal/T alairach/X ).

Apply Median Filter This button removesthe e ect of any spuriously long thicknessvalues,
by taking ead voxel onthe GM/WM boundary, and comparing the thicknessvalue assaiated
with it with the median value of a window of 5 boundary voxels (with the voxel of interest
at the certral position). If the di erence is greater than the Edge Limit parameter (in the
parametersdialogue box, default of 4mm), then the value of the voxel under considerationis
setto the median. In practice this producesvery few false positives and false negatives, but
doesremove spurious results.

Regional Thic kness Histograms

Hist: Whole/Left/Righ  t Choose whether you want to view the histogram of the given
structure (de ned by Hist. No. asdescribedbelow) for the left hemisphere,right hemisphere
or both (whole) hemispheres.

Hist no: Choosethe number of the histogram you wish to view. (Seesection on Histogram
numbers and regionsde ned for a list).

Single Hist. If an Imcalc Tv Graph is installed, the histogram of the thicknessvaluesin a
region is displayed, and summary statistics, comprising the median, number of entries in the
histogram, lower quartile and upper quartile, are shown in the tinaT ool panel.

All Hists. Plots the histograms of all the regions,but more importantly writes the summary
statistics of all the regionsto the tinaT ool panel sothey can be copied and pasted to other
applications.

Remo ve Hists. Removesthe histograms from memory.

Graphics Results This allows 2D and 3D visualisation of the cortical thicknessresults.

{

2D Overlay For the current slice in the sequencetool, displays a 2D overlay of the lines
through the GM starting at the boundary de ned in this image. Pleaseensureyou set the
Sequencelv asthe current Tv, otherwisethe overlay will appearon adierent TvT ool. Note
that this is a 2D represernation of 3D volume, hencethere will be somelines which do not
appear to end at valid boundaries. These simply end at out of plane positions. If you wish
to interrogate theselines further, pleaseusethe Mouse SeqPro le button described above.
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{ 3D Lines For all voxelson the GM/WM boundary, plots a 3D visualisation of all the lines
through the GM. Pleaseensurethe \threed" TvT ool is the current Tv. This can be installed
using the Tv:3D rep button described above.

GM/WM  Boundary Placement Checks It is possibleto calculate the di erence in grey level
betweenthe assumedGM/WM  midp oint value and a bootstrapped estimate of the true bound-
ary value if it is assumedthat the voxel values either side of the boundary (using the 3D surface
normal direction to the boundary) by somedistance de ned using the extent parameter in the
dialogue box are in pure tissue. The averageof the intensity valuesat these positions, minus the
GM/WM midpoint valuesgivesthe o set values.

{ Calculate O set Calculatesthe o set asdescribed above, and inserts them into histograms
accordingto region (so, again, requiresthat an air le registeringthe datasetto the Talaiarch
Atlas has beeninput in the Coregtool and that the location of the Talairach lut les has
beende ned in the Talairach tool).

{ Plot Single O set Plots the histogram of o set valuesfor a regionin the Imcalc Graph Tv
and writes the o set value of the peak of the histogram to the tinaT ool panel.

{ Plot All Osets Plots histograms of o set valuesfor all regionsin the Imcalc Graph Tv
and writes peak o set valuesfor all regionsto the tinaT ool panel.

25.2.2 Cortical Thic kness Parameters

Canny Parameters The canny parametersgivenherearethe sameasin the Edge Tool. Hysteresis
thresholding is part of the Canny algorithm, wherely rst the edgeswith anintensity gradient above
a low threshold are identi ed; then linked edgestrings that are ertirely below an upper threshold
are eliminated.

{ Sigma The parameter of the gaussianconvolution pro le usedto smooth the image prior to
the gradient calculation. It essetially selectsthe scaleof the edgedetector.

{ Precision The ratio of the smallest stored value of the gaussiancornvolution prole with
respect to the largest. Lower values give increasedprecision, larger convolution masks and
increasedcomputation time.

{ Lower Thresh The lower threshold (seeabove).

{ Upp er Thresh The upper threshold (seeabove).

{ Length Thresh A lower threshold on the length of connectededge strings, where strings
shorter than this value are eliminated.

Skull Segmentation Parameters

{ Skull Seg The skull segmemation processinvolvesa couple of erosion/dilation operations,
the rst of which requires user-de ned thresholding to ensurethat the white matter of the
brain is not removed too. This value should be between 3.0 and 4.0, if it is set outside this
range, the value usedwill be 3.05.

Cortical Thic kness Parameters

{ Grey/White Midp oint The average of the mean tissue values for the grey and white
matter.

{ Grey Mean The grey matter mean tissue value.

{ Search extent The maximum seart extent when nding the opposing grey/white matter
boundary. The maximum seart extent for nding a grey matter/CSF boundary is half of this.
The default value is 20mm. This parameter is also used when performing the bootstrapped
grey matter o set calculation, when a value of approximately 2mm is su cien t.

{ Edge limit When applying the Median Filter to the thicknessvaluesat ead position on the
GM/WM boundary edgestring, this value is the maximum di erence allowed between the
certral edgeposition value and the median of the v e currently being windowed.

{ Fraction The fractional volume on the GM volume probability maps at which a transition
from GM to another tissue takesplace. It is assumedto be 0.5.
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25.3 Standard Usage

This sectionis intended to provide a step-by-step description of how to obtain regional cerebral cortical

thickn

essestimates using the cortical thicknesstool. It is however assumedthat the user hasa copy of

the Talairach standard brain and the Talairach look up tables; has already registeredthe T1 volume to
the Talairach standard brain and has saved the air le containing the registration parameters.

Open six TvT ools. Open the Coreg, SequenceJmcalc, Cort. Thick., and Talairach Tools. Install
the TvT oolsasz coreg, y coreg, X coreg, sequence, imcalc and graph.

Setthe sequencedool start and end valuesto 0 and 38, setthe le typeto AIFF, setthe ImageFile
nameto / your _pathnaméeRbrain## (where your_pathnameis the path of the directory cortaining
the Talairach brain). Load the sequence.

On the coregtool, pressthe Latch image button. Setthe Certre X, y, z and factor parametersto
32,32,18.5and 0.25respectively. Click on the Coregtool zoom button.

On the Coreg Tool, pressthe Reslicelinear button, then pressthe Latch Anaglyph button.

Insert the full pathname to your air le containing the registration parametersof your T1 volume
to the Talairach brain in the Air File eld.

Next load your grey matter segmemation volume into the sequencetool, making sure the start,
end, and le type parametersare correct. Pressthe Load button.Once the volume s loaded, ensure
that the x, y and z parametersare correct. If they are not, insert them, and click on the \ rst"
button to get them into memory.

Pressthe Get GM Vol button in the Cortical Thicknesstool.

Next, load the T1 sequencemaking surethe start, endand le type parametersare correct. Please
also make sure that the T1 volume and probability volume are the samedimensionsand have the
samenumber of slices. Pressthe Load button. Once the volume is loaded, pleaseensurethe x, y
and z parametersare correct, and adjust them if not.

Pressthe Coreginput button.

Press the Cort params button on the Cortical Thicknesstool to open the Cortical Thickness
Parameters dialogue box. Setthe grey/white matter midpoint and grey mean parametersto the
valuesyou have previously obtained.

In the Talairach Tool, setthe Talairach Atlas eld to the path of the directory corntaining the atlas
look up tables. Also (and this is most important) add the X part of the lenames to the path. eg,
if the les arein /usr/lo cal/T alairach, you would insert /usr/lo cal/T alairach/X.

If youwant to perform the \skull stripping" pressthe Remove Skull button on the Cortical Thick-
nessTool.

Next, pressthe Get GM/WM button, followed by the Get Thickness button, then the Apply
Median Filter button. The median cortical thicknessin ead region has now beenestimated.

To output the median thickness,number of ertries, lower and upper quartile rangesof the regional
histograms (both for the whole brain, left hemisphereand right hemisphere), pressthe All Hists.
button.

Individual histograms can be viewed by inserting the number of the histogram you wish to view
(seenext section for numbers and labels) and clicking on Single Hist.

25.4 Histogram Num bers and Labels

0 No data

1 Inte
2 Left

r-Hemispheric
Cerebrum

111



Right Cerebrum
Right Cerebellum
Right Brainstem
Left Brainstem

Left Cerebellum
Posterior Lobe

9 Anterior Lobe

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48
49
50
51
52
53
54
55
56
57
58

Frontal-Temporal Space
Limbic Lobe
Medulla

Pons

Midbrain

Sub-lobar

Occipital Lobe
Temporal Lobe
Parietal Lobe
Frontal Lobe
Posterior Cingulate
Anterior  Cingulate
Subcallosal Gyrus
Sub-Gyral

Transverse Temporal Gyrus

Uncus

Rectal Gyrus

Fusiform Gyrus

Inferior  Occipital Gyrus
Inferior  Temporal Gyrus
Insula

Parahippocampal Gyrus
Lingual Gyrus

Middle Occipital Gyrus
Orbital Gyrus

Middle Temporal Gyrus
Superior Temporal Gyrus
Superior Occipital Gyrus
Precentral Gyrus
Inferior  Frontal Gyrus
Cuneus

Angular Gyrus
Supramarginal Gyrus
Cingulate Gyrus

Inferior  Parietal Lobule
Precuneus

Superior Parietal Lobule
Middle Frontal Gyrus
Paracentral Lobule
Postcentral  Gyrus
Precentral Gyrus
Superior Frontal Gyrus
Medial Frontal Gyrus
Uvula of Vermis

Pyramis of Vermis

Tuber of Vermis

Declive of Vermis
Culmen of Vermis
Cerebellar Tonsil
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59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

Inferior  Semi-Lunar Lobule

Fastigium

Nodule

Uvula

Pyramis

Tuber

Declive

Culmen
Cerebellar Lingual
Hippocampus
Extra-Nuclear
Lentiform Nucleus
Amygdala
Hypothalamus
Red Nucleus
Substania Nigra
Claustrum
Thalamus
Caudate

Cerebro-Spinal  Fluid

Gray Matter

White Matter
Brodmannarea_1
Brodmannarea_2
Brodmannarea_3
Brodmannarea_4
Brodmannarea_5
Brodmannarea_6
Brodmannarea_7
Brodmannarea_8
Brodmannarea_9
Brodmannarea_10
Brodmannarea_11
Brodmannarea_12
Brodmannarea_13
Brodmannarea_17
Brodmannarea_18
Brodmannarea_19
Brodmannarea_20
Brodmannarea_21
Brodmannarea_22

100 Brodmannarea_23
101 Brodmannarea_24
102 Brodmannarea_25
103 Brodmannarea_27
104 Brodmannarea_28
105 Brodmannarea_29
106 Brodmannarea_30
107 Brodmannarea_ 31
108 Brodmannarea_ 32
109 Brodmannarea_33
110 Brodmannarea_34
111 Brodmannarea_35
112 Brodmannarea_36
113 Brodmannarea_37
114 Brodmannarea_38
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115 Brodmannarea_39
116 Brodmannarea_40
117 Brodmannarea 41
118 Brodmannarea_42
119 Brodmannarea_43
120 Brodmannarea_44
121 Brodmannarea_45
122 Brodmannarea_46
123 Brodmannarea_47
124 Caudate Tail

125 Caudate Body
126 Caudate Head

127

Dentate

128 Ventral Anterior Nucleus

129 Ventral Posterior Medial Nucleus

130 Ventral Posterior Lateral

131
132
133
134

Medial Dorsal Nucleus
Lateral Dorsal Nucleus
Pulvinar

Lateral Posterior Nucleus

135 Ventral Lateral Nucleus

136

Midline Nucleus

137 Anterior Nucleus

138
139
140

Mammillary Body
Fourth Ventricle
Optic Tract

141 Anterior Commissure

142

Corpus Callosum

143 Third Ventricle

144
145
146

Medial Globus Pallidus
Lateral Globus Pallidus
Nucleus AccumbensSepti

147 Medial Geniculum Body
148 Lateral Geniculum Body
149 Subthalamic Nucleus
150 Lateral Ventricle

151 Putamen

152 No data
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App endix A

File Formats

This appendix describesthe various le formats usedby the Tina systemto store intermediate results,
calibration and other information on disc. For more generic storeageof arbitrary data structures the
programmer is referred to the serialisation processdescribed in the programmersguide.

A.l1 AIFF Images

The following speci es the headerof the Aivru Image File format.

Field Values Meaning.
no name
1 magic unsigned short byte reversal code.
2 header_length short length of header (bytes)
3 image_type short unsigned char etc.
4 height short image height (pixels)
5 width short image width  (pixels)
6 Ix short low x of ROI
7 ly short low y of ROI
8 ux short upper x of ROI
9 uy short upper y of ROI
10 source_id short id. of camera (if any)
11 process_id short processing performed
12 date char[8] dd/mmlyy (if any)
13 time char[8] hh:mm:ss (if any)
14 title char[80] image title  (if any)

This headerhas beenderived accordingto requiremerts of over a decadeof machine vision researt. In
contrast to standard le formats such as GIF it supports a wide variety of image types and arbitrary
image co-ordinates, including image regions.

Notes:
The headeris usually 512 bytes long.
Fields 1-9 must be presen, but the other are at the descretionof the programmer.

The following imae typesare currently supported.

0 char
1 unsigned char
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short
unsigned short
int

unsigned int
float
double
complex

ptr
10 vramO
11 vraml
12 vram2
13 vram3

©Coo~NOoOULh,WN

The ptr led is included only for completessand will not actually store the assaiated data. In
order to write more complex Tina image data structures to disc the serialisation mechanism is
recommended.

The data for an image consistesof a sequenceof bytes of the image data within the ROI in raster
scanorder.

Date and time are not null terminated.

The byte reversal magic eld should always have the value 8516 (hex). This eld may be usedto
ched that the imageis ai format.

The title eld is null terminated text.

A.2 Edge Files

An initial 4 byte integer indicates the number of edgesin the le. Edge data is stored in binary format

asquadruplesof oats (row, column, contrast and orientation) in raster order. Row and column are sub-

pixel locations of the edgewith the certre of a pixel de ned at (x+0.5,y+0.5). The edgedata structure

can be usedfor genericrepresenation of well located image features. Orientation and contrast measures
are feature dependart.

A.3 Geometry File formats

Geometry les are stored as ASCI to facilitate user modi cation. Currently only points lines and conics
are output. All dataisin 3D, 2D featureshave their 3rd ordinate setto zero. This facilitates transparent
exchangeof 2D and 3D data structures from le (ie 2D data can be read as a planar geometrical object
in the Stereo Tool).

Straight lines are represerted in the following overdetermined fashion.

label entry identifier

visibility number of times the entry has been seen
length

endl 3 vector end point

end2 3 vector end point

direction 3 vector from endl to end2

Ellipses are described as follows.

label entry identifier
centre 3 vector ellipse centre
X-axis 3 vector conic axis.
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y-axis 3 vector conic axis.

theta major axis of elipse w.r.t ellipse coordinates.
alpha length of major axis

beta length of minor axis

t1 angular start point (radians)

t2 angular end point (radians)

A.4 Calibration Data

Calibration data for each camerais stored as ASCI to facilitate user modi cation. The data is stored as
follows;

(image width) (image height)

(pixel size) (aspect ratio)

(centre_x) (centre_y)

3x3 rotation  matrix

3 vector co-ordinate translation  of camera origin
(number of distortion  parameters) (distortion parameters)

Notes:

one of the aspect ratios will generally be setto 1.0.

the absolute coordinate frame of the camerais determined by the coordinate system of the data
usedduring calibration.

the origin of the camerais at the optical certre.

the speci cation of distortion terms is optional and the distortion model used within Tina is
programmer de nable.

A.5 Matc her Files

A.6 OLD format

The matcher functions have assaiated context les which are usedto store the assaiations between
componerts of the sceneand model as follows;

(initial data count)
FFn GF1GF2..... GFn

where FF is the focusfeature; n in the court of group featuresthat form the context of that focusfeature
adn GFi are those features. All elemerns of the le are integers.

A.7 NEW format

The view basedcontext les are listed as follows

(number of views)
VxyxNX
GM1IM2( ala2a3 a4 ) [ b] { c1c2d}
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Where X; y; z is the view direction to the camerain the cooridnate system of the model.
N is the number of views.
X currently unused.

G speci es visibility of a geometry feature (E, or S) form the wireframe de ned in the .poly le, with
number M . Occluding lines (O) linking two ellipsesare speci ed with both M 1 and M 2.

a, arethe allowedinward and outward lateral shifts (two for lines, four for ellipses)measuredin millime-
tres.

bis the sher information assaiated with localisation (currently unused).

¢, arethe fraction of detectablelocations expectedto passthe detection hypothesistests (¢ > 0:5 denotes
“mostly" visible).

A.8 Multi-Dimensional MR model

The current le format (for 4 imagesand 6 tissues)is as follows;

6 4 0.00000000000000 %no. tissues, no. images, and P bknd
-11.18261 55.49973 20.53443 54.27743 214547738.6 %tissue 1 meangrey levels and %f output
-75.64249 656.3270 141.9607 320.3454 9782790526.2 %tissue 2

193.374 1603.260 773.691 1726.193 28136396881.3 %tissue 3

-1683.5 1410.6 1213.6 419.7 32192990488.70 %tissue 4

-679.3 1207.2 485.7 729.2 3181260321.3 %tissue 5

-158.4 927.4 265.3 545.7 818664305.7 %tissue 6

0.014911 0.007032 -0.004771 -0.002422 %tissue 1 (sgn sqrt) covariance matrix

0.007032 0.014436 -0.003948 -0.008038

-0.004771 -0.003948 0.033452 0.003107

-0.002422 -0.008038 0.003107 0.026677

0.009240 0.003762 -0.003949 -0.003866 %tissue 2
0.003762 0.006712 -0.004440 0.001529

-0.003949 -0.004440 0.012580 -0.006741

-0.003866 0.001529 -0.006741 0.006901

0.007343 0.001840 0.002799 -0.003006 %tissue 3
0.001840 0.006496 -0.003195 -0.000892

0.002799 -0.003195 0.007765 -0.004166

-0.003006 -0.000892 -0.004166 0.004639

0.003635 0.002003 0.004718 0.002054 %tissue 4
0.002003 0.008971 -0.004602 0.003131

0.004718 -0.004602 0.009199 0.002793

0.002054 0.003131 0.002793 0.006415

0.009779 0.003218 0.005548 -0.003730 %tissue 5
0.003218 0.012222 -0.005402 -0.006993

0.005548 -0.005402 0.011663 -0.005920

-0.003730 -0.006993 -0.005920 0.011071

0.012656 0.003622 -0.000290 0.004644 %tissue 6
0.003622 0.015108 -0.001568 -0.006451

-0.000290 -0.001568 0.018347 -0.008170

0.004644 -0.006451 -0.008170 0.014645

5151.760 526.832 0.000 283.186 390.908 0.00 % matrix of density terms
526.832 2513.431 767.515 0.000 0.000 0.000 %0 entries not used
0.000000 767.515687 202.769 0.000 0.000 0.000

283.186 0.000 0.000 66.907 1221.059 0.000

390.908 0.000 0.000 1221.059 4415.727 4726.13

0.000 0.000 0.000 0.000 4726.131 2484.088

air_bone skin_muscle fat CSFGMWM %tissue labels
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0.319973 0.740320 1.000000 0.343430 0.432863 1.000000 % matrix of slope terms
0.740320 1.069539 0.440569 1.000000 1.000000 1.000000 %if present

1.000000 0.440569 1.585834 1.000000 1.000000 1.000000

0.343430 1.000000 1.000000 2.376265 0.408074 1.000000

0.432863 1.000000 1.000000 0.408074 0.734229 0.243779

1.000000 1.000000 1.000000 1.000000 0.243779 0.499773
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