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Abstract

Describeghe processandimplementatiordetailsfor theimplementation®f the Cen-
terline and Radial methodsfor calculatingthe volumesof blood consumedy the heart
overaspecificperiodof time from non-invasive magnetiacesonanceéata.[3] Specificially
detailsdecisionsandresultsof the computebasedmplementatiorof thesetechniques.
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1 Introduction

Theprogramiin its currentform is givenadatafile thatcontainghe curve datato be processed.
The cune datais representedly a relatively smallnumberof points,which areinterpolatedo
provide roughcurve data.

Thedatafile is producedusingthecurrentversionof the CardiacMagneticResonancénalysis
software (CAMRA) [1]. This datafile is thenprocessedndthe datastoredin aninternaldata
structure.Thisinternaldatastructurecanthenbe passedo oneof thefollowing functions.

1.1 Radial Method

Simply, the radial methodis asfollows. Find the centreof both curves. Slice the curvesup
a specifiednumberof times, from a given offset point. The length of eachpieceof the 'pie’
canbeusedasanindicationof thedistanceravelled over the periodof time. Thedifferencein
equivalentsliceof the’'pie’ canbeusedto give anindicationof the heartwall movementwhich
in turn canbeusedto gaugemovementof theheart.

1.2 CenterlineMethod

Following thestepsdescribedn [4], thecurnesareprocessedothata’centreline’canbedravn
atamidpointbetweernthetwo wall positions.The advantageof this methodis thatsectionsan
be madeperpendiculato the centreline that provide a more accurateindication of the heart
wall movement.



EPCC-S599-02 5

2 Background

Heartdiseasds oneof the major causef deathin Scotlandandmuchof the westernworld.
Thesedeathsanoftenbe preventedwith earlydiagnosis.

By usingMagnetticResonanandenagingandexisting CAMRA software, it is possibleo mea-
surethe heartwall movement.

Theaim of this projectis to take themavementinformationandprocesst into aneasilyreadable
form thatcangive physiciansa betterideaof what(if arnything) maybewrongwith theheart.
Thiswould beachvedby draving adiagramindicatingmovementfor eachpartof the heartfor
differentcrosssections.

Movementof the heartcanbe calculatedn mary ways. Two of theseways,which wereinves-
tigatedin the courseof the projectwere:

e Theradialmethod.

e Thecenterlinemethod.

3 Method

A numberof software engineeringtechniquesand practiceswere applied during the course
of the project,from usingthe advantagef objectorientedlanguageso make codeeasiero
implementto applyingcertainmethodologie#n the developmentandtestingprocesses.

3.1 Evolutionary Approach

Thesoftwareimplementationomethodologywvasto usethe’Evolutionary’ approachAs thework

is focusedon proof of concept,ratherthanfor implementinga standardisedmplementation,
the codewasimplementedn a 'Get somethingworking first - thentidy up the roughedges’
approachratherthantrying to designa completesystenmfrom scratch.

This hasthe adwantagethatif thingsare goingto go wrong during the developmentprocess,
they will befoundatthetime, ratherthanduringtheintegrationstagesttheendof thesoftware

project.
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3.2 Problems

In ary software developmentprocessthereare problems- bugsanddesignproblems. Partic-
ularly whenan evolutionarymodelis beingappliedto software development.| will highlight
someof thedifficultiesthatwereencounteredandhow they weresolved.

3.21 Standard Library Implementation

Duringtheinitial stage®f theprojecttherewasthequestiorof ‘how dowe parsehecamradata
files’. Althoughthis problemwasfairly straightforvard, it would requirethe useof dynamic
datastructuresasvariablenumbersof pointswould bereadin from thefiles andwould needto

be manipulatedvithin the program.

Insteadbf implementindinkedlists manually therewasadecisionto take advantageof the C++
standardibraries- particularlythe’vector’ datatypefor storingdata.

However, this proved moredifficult thanexpectedasthecurrentversionof VisualC++ (version
4) didn't handlethesedatatypesvery well. After upgradingVisual C++ to versionsix, and
installing the relevant servicepacksto getaroundthe 'Internal Compiler Error’ messagest

wasfoundthataftersomeeffort the standardibrary functionscouldbeused.

3.3 Spline Representation

The outputteddatafrom the camrasoftware is a seriesof splinecurwes. As to testthe code
initially, and becauseof the difficulties in finding information explaining how exactly these
splinecurvesshouldbeinterpolatedatemporanyfirst orderrepresentatiomwasused thecurves
wererepresentedh polar coordonatesandinterpolatedn thesepolar coordinates.This way
therewere not straightlines betweentwo provided points, but rathera curve, which is more
representate of thekind of shapehatwe wereinitially looking at.

3.3.1 TheCenterlineMethod

After looking atexamplesof thecentrelinemethodn action,therewasstill thequestiorof "how
doesit work’. Unlike theradialmethodthatis fairly obvious,thecentrelinemethodappearedo
usemoresophisticateaalculation.Theaimwasto find outhow the centrelinemethodactually
worked. After researchingpapersn the Medical Library andobtaininginterlibrary loans,the
paperdescribinghecentrelinenethodwvasfound. Thisstartedheremainingstageof theproject
- implementingthe centrelinemethod. The paperdidn’t comewith copiesof sourcecode,so
thereweredifficulties in fully understandinghe processeslescribedand modificationswere
madeto malke the algorithmwork undera differentsetof assumptionssuchasthoseprovided
by the CAMRA softwareasopposedo the datasourcesisedfor theexamplesin the paper

3.3.2 Calculating the centre of thecircle

Oneof thestage®f thecentrelinealgorithmdescribedn the paperstateghatgiventhreepoints
alongasmoothedaurve, thecircle containingthosethreepointsshouldbe calculated Theprob-
lemwith this however, is how oneshouldcalculatethe centerof the circle giventhreepoints.
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If line equationsareusedto calculatethe centrepoint, thereis a lot of algebraicreductionre-
quiredto performthistask.

It seemedatthetime thataneasiersolution,of usingsamplecodewould provide the ability to
solve this problem thoughthis in itself introduceda few problems:

Thecodefile pravideddidn't includeall the specifiecheadefiles (containingthingssuchasthe
'Point’ datatype). Thesepoint typesseemedo have additionaldatafields - aswell asjust X
andY valuesto represeng cartesiarcoordinatethey containedZ, m_x, m_y, m_zto represent
the third dimensionand appropriategradients(respectiely). The samplecodeuseddifferent
datatypesfrom the existing code,so’glue’ codewascreatedo allow thetransferof infomation
betweerthe two differentpartsof the programwith a minimum of impacton the assumptions
madein eachpart. This way, both piecesof codecould continueto be updatedandmaintained
seperatelyhroughthe previously definedsetof interfaces.

After modificationswere made,bugswere encountered therewasthe problemthatthe algo-
rithm didn’t consistantlyreturnthe centreof thecircle - it did in sometestexamplesbut notall
examples.

After encounteringheseproblemsanew pieceof codewaswrittenfrom scratch- thatresohed
someof theseproblemsusingvectorgeometryratherthanthe previously usedline equations.
Theremainingoroblemshatexist with thisfunctionaredirectly relatecto theintersectiorfunc-
tion, thatmakesuseof line equations.

3.3.3 Problemswith line equations

Thereare problemsin the calcluations- If for examplethereis a large changein they axis
(betweertwo points)andasmallchangen thex axis(ie. An almostverticalline), thegradient
valuefor theline is very large. This resultsin very large valuesbeingplacedin a doubletype.
If thetype doesnt containenoughresolutionto hold the numbey thentherewill be problems
representinghe valuecorrectly As aresultthe valuesproducedasa resultof this calculation
will notbecorrect.

Thiswill alsoapplyif the equationof theline refersto aline thathasanangleover 90 degrees.
Thiswould have beenresohedif moretime wasavailable.

3.3.4 Search Algorithm

The paperdescribeghatafteraline segmentis calculatedcareshouldbetaken sothatsimilar
pointsarenotcalculatedagain. Thepaperthengoesonto describehow thiscanbeimplemented.
In this casea classwas createdthat would detectif ary of the lines specifiedalreadyexisted.
If so,thenit would not adda new one (asit is a duplicate). This appearedo producesome
problems,so the methoddescribedn the paperin detail wasusedinstead. The paperdidn’t
explainwhy this shouldbe performedover ary othermethod.

3.3.5 Smoothing to 200 points

Fromthe paperdescirbingthe centerlinemethod,it mentionedhatary cure providedto the
systemshouldbe linearly interpolatedto around,say 200 points. This however proved to be
a problem. If the curwe initially provided hada lot more (say 1000 points), this would not be
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aproblemwhenit cameto calculatethe circlesthattravelled throughthreeconsecutie points.

However, if therewerefewer pointsto begin with, performinglinearinterpolationto increase
thenumberof pointsto 200would causea problem.If threepointswerecolinear thetheoretical
circlethattraverseathosethreepointswould be of infinite size,meaningt would beimpossible
to calculatethe centreof thecircle.

A solutionthatwasusedto solwe this problemwasthat, if threepointswerecolinear thenthe

next availablepointwould beused.ie. oneof the colinearpointswould beignoreduntil a setof

pointswerefoundthatwerenotcolinear

Anotherpossible andpontentiallybettersolutionto this problemis to performsplineinterpo-
lation ontheinput curves,increasinghe numberof pointsto say around1000. As thecune is

calulatedusingsplineinterpolationit is very unlikely thattwo consecutie line segmentsonthe

interpolateccurve would be colinear Thereforeavoiding this problem.

3.3.6 Visualisingthe Data

Therewasthe questionof visualisingthe data- plotting it in a form that could be readableby

physiciansAlso, to plot it in aform thatwould aid dehugging.

Therewasthepossibilityof designingaspecificwindows applicationthatwould beableto shav

thedata,however uponinvestigationjt seemedhata lot of additionalskills would berequired,
in termsof MFC programmingandmuchdevelopmentime.

Dueto timerestrictions a quicker, easierto implementsolutionwaschosen allowing thedata
to beusedby acommerciakhartingpackage.

Methodswere appliedto the classesso that the datacontainedwithin them could be output
to a commadelimetedfile. This way the datafiles could be easilyimportedinto a graphing
packgagesuchasMicrosoft Excel,anda chartplottedshaving the positionsof the heartwall

andthecenterline.

4 Conclusion

Although the resultsare not fully conclusve, thereare aspectf the codethat seemto be
functioningcorrectly Certainly the projecthashighlightedmary of the pitfalls involved with
transferringhealgorithmfrom the paperinto aworking computemprogram,n particular high-
lighting someof the assumptionshat have beenmadeby the authors,but not explainedvery
clearlyin the paper For example,thetypesof datasetused,andnumbersf pointsusedin the
datasets.

5 Whereto Next

¢ Implementatiorof the’Improved Centerline’'method.[2.

¢ Utilisation of ThreeDimensionaldatato improve the accurag of the centerlinemethod

[5]
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A Program | mplementation Details

A.1 Data Structures

Theprogramis implementedrom scratchin C++. Therearesomeadwantages standardibrary

containersare usedto storesetsof pointsthatrepresenthe curves. Someclasseshave been
createdo representommonlyusedpiecesof data(suchas’points’, curves, circlesetc.) and
commonmanipulationson theseobjects(eg. additonand subtractionof points; division of

pointsby a scalar).Therearealsoclassesor specialtypesof data(eg. PolarCoordinatesjhat
supportassignmenfrom otherdatatypes. (eg. A pointcanbe assignedo a polarcoordinate,
whichresultsin the polarcoordinateclassrepresentinghe sameobjectthatwasrepresentetly

the cartesiarcoordinate).

A.2 Methods
A.2.1 Curve Representation

Thecurwethatis providedto theprogramis acurnwe thatis eitherdravn by theuserby following
alongthe side of the Blood Poolwall with the mouse,usinga splinecurve. The curve datais
then passednto a programasa file, which is theninterpretedandinterpolatedto find radial
crosssections.

A.2.2 TheBounding Box Method

To find the centre,a boudingbox is drawvn aroundthe curve. The centreof the boudingboxis
calculatedandthis valueis usedto corvertthe coordinateso polarvalues.

A.3 Interpolating Points

A.3.1 First Order Interpolation
B Known Bugs

Therehasnot beentime to fully completeandtestthe functionsdescribedabore. Therearea
few known bugsthatcouldeasilybe correctedyivenmoretime, andafew bugsthatmayrequire
morethoughtor re-desigrto the code.

e Theintersectiorfunctiondoesnot necessarilyeturnthe correctpoint of intersectiorfor
two pointsthatarealmostverticalfrom eachother Thisis dueto aroundingerrorin the
division. As the X valueis very small, whenthe two numbersaredivided, the resultis
higherthanthat which canbe storedin a doubledatatype. This resultsin error being
introduced A solutionwould beto sayrotatetheline segmentsby 45 degrees andtry to
calculateagain.
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¢ The raidal methoddoesnt producevalid results- the centerof the shapeis determined
by the boundingbox centreratherthanthe gravitational centre. The gravitational centre
implementatiorwould have beenintroducedf suficienttime wasavailable.

C Classand Function Summary

C.1 Global Functions
C.1.1 parsecurves

vect or <curve> parse_curves(voi d)

This functionreadsin all the CAMRA type datacurvesfrom the defineddatafile. All of the
cunesin the file are interpretedand placedin a 'curve’ datastructure. All the curve data
structuresareplacedin a’vector’ whichis returned.f anerrorconditionis found,anexception
is thrown.

C.1.2 distance

doubl e di stance(point first, point second)

This functionreturnsthe distancebetweerthe two specifiedpoints.

C.1.3 divide

points_t divide(int npoints, points_t points)

Takesa setof pointsandaninteger The function dividesthe cune specifiedby 'points’ into
'npoints’ points.ie. Performlinearinterpolationto 'npoints’.

C.14 eatspace

voi d eat space(char *string)

removesary preceedingpacecharacterérom thefront of the specifiedstring.

C.15 interpolate

poi nt interpolate(point first, point second, double between)

Calculateghepoint at the givenrationbetweerthefirst andsecondooints
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C.1.6 longest

point _t longest(point_t a, point_t b)

Returnghelongestcurve outof a andb.

C.1.7 length

doubl e | engt h(Poi nt *a, Point *b)

Returnghelengthof theline sggmentspecifiedby thetwo pointspassedsparameters.

C.1.8 printPoints

voi d printPoints(points_t points)

Takesthelist of pointsandprintsthemoutto standardutin excel friendly format.

C.1.9 shortest

points_t shortest(points_t Bl, points_t B2)

Returngheshortesof thetwo curves

C.1.10 smooth

points_t snooth(points_t points, int numavg)

Smoothghe specifiedcurve by calculatingthe averageof numarg pointsneareseachpointfor
eachpoint.

C.1.11 takeSmallest

poi nt takeSmal | est (points_t &points)

Returnghe smallestpointin the datastructureprovided.

C.1.12 total_distance

doubl e total _di stance(points_t points)

Returnghetoatallengthof the curve specified.
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C.1.13 centerpoints

crossects centerpoints(point_t D1, point_t L1, point_t NL1)

Takestwo smothedcurves (D1, L1, NL1), whereD1 is the smothedcurve provided asinput,
andL1 andNL1 arethetwo 'actual’ curves. Usingthe centerlinemethod the crosssectionsat
certianpointsalongthe curve arecalculatedandplacedin the 'crossectsclass. The crossects
classcontainsavectorof line sggments.

C.1.14 newcircle2

poi nt newcircle2(point a, point b, point c)

A revisedversionof ‘circle’ thatusesvectorgeometnto calculatethe centreof thecircle spec-
ified by the threegivenpoints.

C.1.15 TRACE
This function providesthe functionality for the error messageto be producedwithin the pro-
gram

void trace(char* errornessage)

C.2 Classes
C.21 circle
e circle(pointl, point2, point3) Instantiateghe circle class,specifiedby the three points
given.
¢ getCenter(Returnghepointthatshouldbeatthe centreof thecircle.

¢ getRadius(Returngheradiusof thecircle.

C.2.2 curve

¢ add_point(double, doubley) Addsa pointto theendof the curve datastructure.

¢ assign(intsalD,curekind BP, int TimePoint,curvemethodnethod)Setsup information
particularto thatinstanceof theclass.

o center()Performgthedefault centeringfunctionon the cune. (Boundingbox)

¢ center(centermentddETHOD) Allowstheprogramto specifyadifferentcenterfunction
to beperformedonthecune.

e operator=(vector<point>p) Allows a vector<point>o be assignedo the curve allowing
conversionbetweerthetwo sites.

¢ polarize()Performspolarcoordinatecornversiononthe curwe.
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¢ print() Displaysdehugginginformationparticularto theclass.
¢ read(charfilename)Parsesurve datafrom the specifiedile.

e set_centrepoint(ddile x, doubley) Allows a specificpoint to be setup asthe centerof
thecune.

e centrepoinfThisfield containghe pointdeemedo bethe centreof the curve.

e pointsThisis the datastructurecontainingthe cartesiarcoordinate®f eachpointin the
cune.

¢ polarpointsThisis the datastructurethatcontainsthe polarrepresentatioof eachpoint
in thecune.

e slice This field containsthe numberassignedo the particularslice that the curve data
structurerepresents.

o thecunemethodrhisfield containghetypeof datarepresentatiothatis usedto represent
thecune. (eg. Spline,Point,etc.)

e timepointThisfield containghetime pointthatthe cune represents.

C.23 point

e operator+(pointpt)
e operator-(pointpt)

¢ operator/(doublen) Performsthe abore operationon the point, sothatexpressioncan
beproducedsuchas‘c =a+ b’ for thepoints.

e perpendicular(Torvertsthe pointto apointthatis perpendiculato the original.

¢ distanceA field usedto storedistancerom a givenpointwhichis laterusedto choosehe
nearest.

e X Thex cartesiarvalue.

¢ ythey cartesiarvalue.

C.24 polar

A classusedin generalo represenpolarcoordinates.
¢ angleThisfield containghe angleonthe planethatthe pointrepresents.

¢ distanceThisfield containghedistancdrom theorigin on the planethatthe pointrepre-
sents.



EPCC-S599-02 14

References

[1] M.J. GravesA. Avedisijan,M.D. Westhead.Camra:Parallelapplicationfor sgmentation
of left ventricle(lv) in shortaxiscardiacmrimages.EPCClinternal.

[2] J.H.C.ReiberCraigD. von Land, S. Rohini Rao. Developmentof animproved centreline
wall motionmodel. Computersn Cardiology 1990.pp.687-690.

[3] Sanded. Spanjersbey, BS.F. PaulvanRugge MD., ErnstE. vanderWall, MD. Magnetic
resonancémagingduringdoutaminestresdor detectiorandlocalizationof coronaryartery
diseaseCirculation,1994.No. 90,pp.127-138.

[4] Harold T. Dodge,M.D. FlorenceH.SheehanM.D., EdwardL. Bolson,M.S. Advantages
andapplicationdfor the centerlinemethodfor characterizingegional ventricularfunction.
Circulation,August1996. Vol. 74,No.2,pp.293-305.

[5] MartinD. Kiil, BSc.VincentG.M. Buller, MSc.,RobJ.vanderGeestMSc. Assessmerntf
regionalleft ventricularwall parameterfrom shortaxismagnetiacesonancémagingusing
athree-dimensionakxtensionto theimponedcenterlinemethod.Investigatve Radiology
August1997.Vol. 32,N0.9,pp.529-539.

Mark Wilsonastudentt Univesityof Edinburghgoinginto hisfinal yearof an
Honoursdegreein ComputersScience& Artificial Intelligence.Particularin-
terestdie in theimplementatiorof innovative solutionsfor tacklingrealworld
problems.

SupervisorArmenAvedisijan




