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Extensions to CAMRA

Mark D. Wilson

Abstract

Describestheprocessandimplementationdetailsfor the implementationsof theCen-
terline andRadialmethodsfor calculatingthe volumesof blood consumedby the heart
overaspecificperiodof timefrom non-invasivemagneticresonancedata.[3] Specificially,
detailsdecisionsandresultsof thecomputerbasedimplementationof thesetechniques.
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1 Introduction

Theprogram,in its currentform is givenadatafile thatcontainsthecurvedatato beprocessed.
Thecurve datais representedby a relatively smallnumberof points,which areinterpolatedto
provide roughcurve data.
Thedatafile is producedusingthecurrentversionof theCardiacMagneticResonanceAnalysis
software(CAMRA) [1]. This datafile is thenprocessedandthedatastoredin aninternaldata
structure.This internaldatastructurecanthenbepassedto 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 lengthof eachpieceof the ’pie’
canbeusedasanindicationof thedistancetravelledover theperiodof time. Thedifferencein
equivalentsliceof the’pie’ canbeusedto giveanindicationof theheartwall movement,which
in turn canbeusedto gaugemovementof theheart.

1.2 Centerline Method

Following thestepsdescribedin [4], thecurvesareprocessedsothata’centreline’canbedrawn
atamidpointbetweenthetwo wall positions.Theadvantageof thismethodis thatsectionscan
be madeperpendicularto the centreline,that provide a moreaccurateindicationof the heart
wall movement.
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2 Background

Heartdiseaseis oneof themajorcausesof deathin Scotlandandmuchof thewesternworld.
Thesedeathscanoftenbepreventedwith earlydiagnosis.
By usingMagnetticResonananceImagingandexistingCAMRA software,it is possibleto mea-
suretheheartwall movement.
Theaimof thisprojectis to takethemovementinformationandprocessit into aneasilyreadable
form thatcangive physiciansabetterideaof what(if anything)maybewrongwith theheart.
Thiswouldbeachivedby drawing adiagramindicatingmovementfor eachpartof theheartfor
differentcrosssections.
Movementof theheartcanbecalculatedin many ways.Two of theseways,which wereinves-
tigatedin thecourseof theprojectwere:

$ Theradialmethod.

$ Thecenterlinemethod.

3 Method

A numberof software engineeringtechniquesand practiceswere appliedduring the course
of the project,from usingtheadvantagesof objectorientedlanguagesto make codeeasierto
implement,to applyingcertainmethodologiesin thedevelopmentandtestingprocesses.

3.1 Evolutionary Approach

Thesoftwareimplementationmethodologywasto usethe’Evolutionary’approach.As thework
is focusedon proof of concept,ratherthanfor implementinga standardisedimplementation,
the codewasimplementedin a ’Get somethingworking first - thentidy up the roughedges’
approach,ratherthantrying to designacompletesystemfrom scratch.
This hasthe advantagethat if thingsaregoing to go wrong during the developmentprocess,
they will befoundat thetime,ratherthanduringtheintegrationstagesat theendof thesoftware
project.
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3.2 Problems

In any softwaredevelopmentprocess,thereareproblems- bugsanddesignproblems.Partic-
ularly whenanevolutionarymodelis beingappliedto softwaredevelopment.I will highlight
someof thedifficultiesthatwereencountered,andhow they weresolved.

3.2.1 Standard Library Implementation

Duringtheinitial stagesof theprojecttherewasthequestionof ‘how doweparsethecamradata
files’. Although this problemwasfairly straightforward, it would requirethe useof dynamic
datastructuresasvariablenumbersof pointswouldbereadin from thefiles andwouldneedto
bemanipulatedwithin theprogram.
Insteadof implementinglinkedlistsmanually, therewasadecisionto takeadvantageof theC++
standardlibraries- particularlythe’vector’ datatypefor storingdata.
However, thisprovedmoredifficult thanexpected,asthecurrentversionof VisualC++(version
4) didn’t handlethesedatatypesvery well. After upgradingVisual C++ to versionsix, and
installing the relevant servicepacksto get aroundthe ’Internal CompilerError’ messages,it
wasfoundthataftersomeeffort thestandardlibrary functionscouldbeused.

3.3 Spline Representation

The outputteddatafrom the camrasoftware is a seriesof splinecurves. As to test the code
initially, and becauseof the difficulties in finding informationexplaining how exactly these
splinecurvesshouldbeinterpolated,atemporaryfirst orderrepresentationwasused- thecurves
wererepresentedin polar coordonates,andinterpolatedin thesepolar coordinates.This way
therewerenot straightlines betweentwo provided points,but rathera curve, which is more
representative of thekind of shapethatwewereinitially lookingat.

3.3.1 The Centerline Method

After lookingatexamplesof thecentrelinemethodin action,therewasstill thequestionof ’how
doesit work’. Unlike theradialmethodthatis fairly obvious,thecentrelinemethodappearedto
usemoresophisticatedcalculation.Theaimwasto find outhow thecentrelinemethodactually
worked. After researchingpapersin theMedicalLibrary andobtaininginter-library loans,the
paperdescribingthecentrelinemethodwasfound.Thisstartedtheremainingstageof theproject
- implementingthe centrelinemethod.The paperdidn’t comewith copiesof sourcecode,so
thereweredifficulties in fully understandingthe processesdescribed,andmodificationswere
madeto make thealgorithmwork undera differentsetof assumptions,suchasthoseprovided
by theCAMRA softwareasopposedto thedatasourcesusedfor theexamplesin thepaper.

3.3.2 Calculating the centre of the circle

Oneof thestagesof thecentrelinealgorithmdescribedin thepaperstatesthatgiventhreepoints
alongasmoothedcurve,thecirclecontainingthosethreepointsshouldbecalculated.Theprob-
lemwith this however, is how oneshouldcalculatethecenterof thecirclegiventhreepoints.
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If line equationsareusedto calculatethecentrepoint, thereis a lot of algebraicreductionre-
quiredto performthis task.
It seemedat thetime thataneasiersolution,of usingsamplecodewould provide theability to
solve thisproblem,thoughthis in itself introduceda few problems:
Thecodefile provideddidn’t includeall thespecifiedheaderfiles(containingthingssuchasthe
’Point’ datatype). Thesepoint typesseemedto have additionaldatafields - aswell asjust X
andY valuesto representa cartesiancoordinate,they containedZ, m_x,m_y, m_zto represent
the third dimensionandappropriategradients(respectively). The samplecodeuseddifferent
datatypesfrom theexistingcode,so’glue’ codewascreatedto allow thetransferof infomation
betweenthe two differentpartsof theprogramwith a minimumof impacton theassumptions
madein eachpart. This way, bothpiecesof codecouldcontinueto beupdatedandmaintained
seperatelythroughthepreviouslydefinedsetof interfaces.
After modificationsweremade,bugswereencountered- therewastheproblemthat thealgo-
rithm didn’t consistantlyreturnthecentreof thecircle - it did in sometestexamplesbut not all
examples.
After encounteringtheseproblems,anew pieceof codewaswrittenfrom scratch- thatresolved
someof theseproblems,usingvectorgeometryratherthanthepreviously usedline equations.
Theremainingproblemsthatexist with thisfunctionaredirectlyrelatedto theintersectionfunc-
tion, thatmakesuseof line equations.

3.3.3 Problems with line equations

Thereareproblemsin the calcluations- If for examplethereis a large changein the y axis
(betweentwo points)andasmallchangein thex axis(ie. An almostverticalline), thegradient
valuefor theline is very large. This resultsin very largevaluesbeingplacedin a doubletype.
If the typedoesn’t containenoughresolutionto hold thenumber, thentherewill beproblems
representingthevaluecorrectly. As a resultthevaluesproducedasa resultof this calculation
will notbecorrect.
Thiswill alsoapplyif theequationof theline refersto a line thathasanangleover 90degrees.
Thiswouldhave beenresolvedif moretimewasavailable.

3.3.4 Search Algorithm

Thepaperdescribesthataftera line segmentis calculated,careshouldbetakensothatsimilar
pointsarenotcalculatedagain.Thepaperthengoesontodescribehow thiscanbeimplemented.
In this casea classwascreatedthat would detectif any of the linesspecifiedalreadyexisted.
If so, then it would not adda new one(as it is a duplicate). This appearedto producesome
problems,so the methoddescribedin the paperin detail wasusedinstead.The paperdidn’t
explainwhy thisshouldbeperformedover any othermethod.

3.3.5 Smoothing to 200 points

From thepaperdescirbingthe centerlinemethod,it mentionedthat any curve provided to the
systemshouldbe linearly interpolatedto around,say, 200 points. This however proved to be
a problem. If thecurve initially provided hada lot more(say1000points),this would not be
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a problemwhenit cameto calculatethecirclesthat travelledthroughthreeconsecutive points.
However, if therewerefewer pointsto begin with, performinglinear interpolationto increase
thenumberof pointsto 200wouldcauseaproblem.If threepointswerecolinear, thetheoretical
circle thattraversedthosethreepointswouldbeof infinite size,meaningit wouldbeimpossible
to calculatethecentreof thecircle.
A solutionthatwasusedto solve this problemwasthat, if threepointswerecolinear, thenthe
next availablepointwouldbeused.ie. oneof thecolinearpointswouldbeignoreduntil asetof
pointswerefoundthatwerenotcolinear.
Anotherpossible,andpontentiallybettersolutionto this problemis to performsplineinterpo-
lation on theinputcurves,increasingthenumberof pointsto say, around1000.As thecurve is
calulatedusingsplineinterpolationit is veryunlikely thattwo consecutive line segmentson the
interpolatedcurve wouldbecolinear. Thereforeavoiding thisproblem.

3.3.6 Visualising the Data

Therewasthequestionof visualisingthedata- plotting it in a form thatcouldbereadableby
physicians.Also, to plot it in a form thatwouldaiddebugging.
Therewasthepossibilityof designingaspecificwindowsapplicationthatwouldbeableto show
thedata,howeveruponinvestigation,it seemedthata lot of additionalskills wouldberequired,
in termsof MFC programmingandmuchdevelopmenttime.
Dueto time restrictions,a quicker, easierto implementsolutionwaschosen- allowing thedata
to beusedby acommercialchartingpackage.
Methodswereappliedto the classesso that the datacontainedwithin themcould be output
to a commadelimetedfile. This way the datafiles could be easily importedinto a graphing
packgage,suchasMicrosoft Excel,anda chartplottedshowing thepositionsof theheartwall
andthecenterline.

4 Conclusion

Although the resultsare not fully conclusive, thereare aspectsof the codethat seemto be
functioningcorrectly. Certainly, theprojecthashighlightedmany of thepitfalls involved with
transferringthealgorithmfrom thepaperinto aworkingcomputerprogram,in particular, high-
lighting someof the assumptionsthat have beenmadeby the authors,but not explainedvery
clearlyin thepaper. For example,thetypesof datasetused,andnumbersof pointsusedin the
datasets.

5 Where to Next

$ Implementationof the’ImprovedCenterline’method.[2].

$ Utilisation of ThreeDimensionaldatato improve theaccuracy of thecenterlinemethod
[5]
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A Program Implementation Details

A.1 Data Structures

Theprogramis implementedfrom scratchin C++. Therearesomeadvantages- standardlibrary
containersareusedto storesetsof points that representthe curves. Someclasseshave been
createdto representcommonlyusedpiecesof data(suchas’points’, curves,circlesetc.) and
commonmanipulationson theseobjects(eg. additonand subtractionof points; division of
pointsby a scalar).Therearealsoclassesfor specialtypesof data(eg. PolarCoordinates)that
supportassignmentfrom otherdatatypes. (eg. A point canbeassignedto a polarcoordinate,
which resultsin thepolarcoordinateclassrepresentingthesameobjectthatwasrepresentedby
thecartesiancoordinate).

A.2 Methods

A.2.1 Curve Representation

Thecurvethatis providedto theprogramis acurve thatis eitherdrawn by theuserby following
alongthesideof theBlood Poolwall with themouse,usinga splinecurve. Thecurve datais
thenpassedinto a programasa file, which is then interpretedandinterpolatedto find radial
crosssections.

A.2.2 The Bounding Box Method

To find thecentre,a boudingbox is drawn aroundthecurve. Thecentreof theboudingbox is
calculated,andthisvalueis usedto convert thecoordinatesto polarvalues.

A.3 Interpolating Points

A.3.1 First Order Interpolation

B Known Bugs

Therehasnot beentime to fully completeandtestthe functionsdescribedabove. Therearea
few known bugsthatcouldeasilybecorrectedgivenmoretime,andafew bugsthatmayrequire
morethoughtor re-designto thecode.

$ Theintersectionfunctiondoesnot necessarilyreturnthecorrectpoint of intersectionfor
two pointsthatarealmostverticalfrom eachother. This is dueto a roundingerrorin the
division. As theX valueis very small,whenthe two numbersaredivided, the resultis
higherthanthat which canbe storedin a doubledatatype. This resultsin error being
introduced.A solutionwouldbeto sayrotatetheline segmentsby 45 degrees,andtry to
calculateagain.
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$ The raidal methoddoesn’t producevalid results- the centerof the shapeis determined
by theboundingbox centreratherthanthegravitationalcentre.Thegravitationalcentre
implementationwouldhave beenintroducedif sufficient timewasavailable.

C Class and Function Summary

C.1 Global Functions

C.1.1 parse curves

vector<curve> parse_curves(void)

This function readsin all theCAMRA type datacurvesfrom the defineddatafile. All of the
curves in the file are interpretedand placedin a ’curve’ datastructure. All the curve data
structuresareplacedin a ’vector’which is returned.If anerrorconditionis found,anexception
is thrown.

C.1.2 distance

double distance(point first, point second)

This functionreturnsthedistancebetweenthetwo specifiedpoints.

C.1.3 divide

points_t divide(int npoints, points_t points)

Takesa setof pointsandan integer. The functiondividesthe curve specifiedby ’points’ into
’npoints’ points.ie. Performlinearinterpolationto ’npoints’.

C.1.4 eatspace

void eatspace(char *string)

removesany preceedingspacecharactersfrom thefront of thespecifiedstring.

C.1.5 interpolate

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

Calculatesthepointat thegivenrationbetweenthefirst andsecondpoints
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C.1.6 longest

point_t longest(point_t a, point_t b)

Returnsthelongestcurve outof a andb.

C.1.7 length

double length(Point *a, Point *b)

Returnsthelengthof theline segmentspecifiedby thetwo pointspassedasparameters.

C.1.8 printPoints

void printPoints(points_t points)

Takesthelist of pointsandprintsthemout to standardout in excel friendly format.

C.1.9 shortest

points_t shortest(points_t B1, points_t B2)

Returnstheshortestof thetwo curves

C.1.10 smooth

points_t smooth(points_t points, int numavg)

Smoothsthespecifiedcurve by calculatingtheaverageof numavg pointsnearesteachpoint for
eachpoint.

C.1.11 takeSmallest

point takeSmallest(points_t &points)

Returnsthesmallestpoint in thedatastructureprovided.

C.1.12 total_distance

double total_distance(points_t points)

Returnsthetoatallengthof thecurve 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.Usingthecenterlinemethod,thecrosssectionsat
certianpointsalongthecurve arecalculatedandplacedin the ’crossects’class.Thecrossects
classcontainsavectorof line segments.

C.1.14 newcircle2

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

A revisedversionof ’circle’ thatusesvectorgeometryto calculatethecentreof thecirclespec-
ified by thethreegivenpoints.

C.1.15 TRACE

This functionprovidesthe functionalityfor theerrormessagesto beproducedwithin thepro-
gram

void trace(char* errormessage)

C.2 Classes

C.2.1 circle

$ circle(point1,point2, point3) Instantiatesthe circle class,specifiedby the threepoints
given.

$ getCenter()Returnsthepoint thatshouldbeat thecentreof thecircle.

$ getRadius()Returnstheradiusof thecircle.

C.2.2 curve

$ add_point(doublex, doubley) Addsapoint to theendof thecurve datastructure.

$ assign(intsaID,curvekindBP, int TimePoint,curvemethodmethod)Setsup information
particularto thatinstanceof theclass.

$ center()Performsthedefault centeringfunctionon thecurve. (Boundingbox)

$ center(centermentodMETHOD)Allowstheprogramto specifyadifferentcenterfunction
to beperformedon thecurve.

$ operator=(vector<point>p) Allowsa vector<point>to beassignedto thecurve allowing
conversionbetweenthetwo sites.

$ polarize()Performspolarcoordinateconversionon thecurve.
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$ print() Displaysdebugginginformationparticularto theclass.

$ read(char*filename)Parsescurve datafrom thespecifiedfile.

$ set_centrepoint(double x, doubley) Allows a specificpoint to besetup asthecenterof
thecurve.

$ centrepointThisfield containsthepointdeemedto bethecentreof thecurve.

$ pointsThis is thedatastructurecontainingthecartesiancoordinatesof eachpoint in the
curve.

$ polarpointsThis is thedatastructurethatcontainstthepolarrepresentationof eachpoint
in thecurve.

$ slice This field containsthe numberassignedto the particularslice that the curve data
structurerepresents.

$ thecurvemethodThisfield containsthetypeof datarepresentationthatis usedto represent
thecurve. (eg. Spline,Point,etc.)

$ timepointThisfield containsthetimepoint thatthecurve represents.

C.2.3 point

$ operator+(pointpt)

$ operator-(pointpt)

$ operator/(doublen) Performstheabove operationson thepoint, so thatexpressionscan
beproducedsuchas‘c = a+ b’ for thepoints.

$ perpendicular()Convertsthepoint to apoint thatis perpendicularto theoriginal.

$ distanceA field usedto storedistancefrom agivenpointwhichis laterusedto choosethe
nearest.

$ x Thex cartesianvalue.

$ y they cartesianvalue.

C.2.4 polar

A classusedin generalto representpolarcoordinates.

$ angleThisfield containstheangleon theplanethatthepoint represents.

$ distanceThisfield containsthedistancefrom theorigin on theplanethatthepoint repre-
sents.
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