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Abstract

Determiningthe shapeof coral structuesis an essentiaktepfor coral biologiststo classifyand compae corals.
Currently, coral biologistsanalyzeshapeby performingmanualmeasuementn photgraphsof coral colonies.
In this paperwe describean interactive visualizationsystenfor measuringcoral shapesn a robustand quanti-
tative way. Theinput of the systemis a CT scanof the coral, and the outputconsistsof statistical distributions
of various morpholaical properties.The approad is to r st extract a skeletonfrom the CT scan,and thento
performmeasuementon the skeletongraph. Interactivevisualizationis necessarysincevariousfeaturesof the

coral preventthe systenfrombeingfully automatic.

CategoriesandSubjectDescriptorgaccordingo ACM CCS) 1.3.8[ComputerGraphics]:Applicationsl.4.9[Image
ProcessinggndComputerVision]: ApplicationsJ.3[Life andMedical Sciences]Biology andGenetics

1. Intr oduction

Story coralsexist in mary shapesandsizes.The shapeof a
coralis notonly determinedy geneticsbut alsoby erviron-
mentalfactors,suchasthe amountof availablelight, water
o w speedandavailability of food,[Kaa99. Thus,within a
singlespecieghe shapecanshowv a high degreeof variation.
Understandingf theexternalfactorsin uencing thegrowth
andshapeof coralcoloniess essentiain clarifying theirrole
in marineecosystemsandto explain their susceptibilityto
pollution andglobalclimatechange[KSM 05].

Currently coral biologists analyzecoral shapeby per
forming manual measurement®n photographsof coral
coloniesThisis alaborious.errorproneandsubjectve task.
Although it may sufce for simple colonies,it is not ade-
quatefor theanalysisof complex three-dimensiondranch-
ing coralstructuressuchasthecoralshavnin theleftimage
of gure 1.

We proposeto simplify the measuringprocedurewith in-
teractie visualization.The approachis depictedn gure 1.
GivenaComputefTomograply (CT) scanof acoral,askele-
ton of the coralis extracted,measurementsf variousmor-
phologicalpropertiesare performedon the skeletongraph,
and statisticaldistributions of the measurementare gener
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ated.By analyzingthesedistributions, coral biologistscan
classifyandcomparecoralsin arobustandquantitatve way.

In this paperwe describeaninteractize visualizationsys-
tem for measuringbranchingcoral shapesinsteadof dis-
cussingthe detailsof all stepsin the system,we focuson
areasvhichgreatlyin uence thevisualizationmethodslde-
ally, suchasystenshouldbefully automatedUnfortunately
dueto mary reasonsutomatiorcannotbe realized,andwe
will reportin which stepsinteractionis required.

2. RelatedWork

While theapplicationareaof our work is novel, similar sys-
temshave beendevelopedfor the analysisof a variety of
medicaldata,usingvarioustechniques.

Martinez-Péreet. al. [MPHS 00] have quanti ed blood
vesselmorphologyin 2D retinal images,using skeletons.
Measureabldlifferenceshave beenfound betweenhealtty
anddiseasedrienoussystemsThe metricsincludedlengths,
areasandbifurcationangles.

More commonly analysisof medicaldatais focusedon
measuringingleitems,suchasvessediameterlongsingle
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Figure 1: Theapproadc usedby the systemusinga skeletonto quantifythe morpholay of the scannedtoral.

vesselpath,[BRL 04]. In anothersystem[PTSPOZ2, inter

actionis usedto measurerelevant objectsor distancedi-

rectlyin volumedata,while it is alsopossibleto usePrinci-

pal Componentnalysis (PCA) to automaticallydetermine
the extent of an object, or the angle betweentwo objects.
The hierarcly of vesselsystemscan also be usedto pro-

vide adwancedvisualizationsof comple structuresfor use
in sugeryplanning[HPSPO1

The mainfocusof medicalsystemss on interactive data
exploration,insteadof comprehense morphologicabnaly-
sis,andvisualizationsareusedto gaininsightaboutthedata,
notonly to aid processing.

3. SystemRequirements

One approachto quantify the morphology of comple-
shapedbranchingobjectslike coralsis by using measure-
mentsbasedon the medial axis (or morphologicalskele-
ton, [Blu67]) of the object.It is essentiathat this skeleton
is a correctrepresentatiof the topology and geometryof
the coral. This dependgo a high degreeon the choiceof a
suitableskeletonizatioralgorithm[KvLKO05]. In addition,an
optimal skeletonizationand accuratameasuremerdepends
onthe quality of the sggmentatiorof the object.

Dueto variousdif culties with coral, artifactsin the data
set, and the speci cs of the varioustechniquesand algo-
rithms, additionalprocessings necessarysomeof this pro-
cessingcannotbe carriedout automaticallybut mustbe per
formedmanually In suchcasesthe systemmustassistthe
personperformingthe processindask.For otherprocessing
tasks,theresultsdependon a properchoiceof oneor more
parametersandthe systemmustfacilitatethe assessmermaf
differentparametechoices.In ary case,t shouldbe possi-
ble to checkthe resultsof eachstep,whetherautomaticor
manual,to con rm the properoperationof the system.Vi-
sualcomparisorwith theactualcolory canindicatewhether
anoperationhasintroducedary undesiredartifactsinto the
dataset.

The amountof modi cations appliedto the datashould
also be minimized, since ary operationperformedon the
datacanintroduceartifactsinto the data. Thesecanin turn

leadto erroneousneasuremenesults andthusleadthesci-
entistto wrongconclusionsaboutthe coral.

4, SystemOverview

Skeleton
4] scanning M Fitering | Segmentation p| SKEIEON L1 “Grapn bl Measuring pf Statistical
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Figure 2: Systenovervien.

An overview of the stepsperformedby the systemis
shavnin gure 2. A coralcolory is scannedit a high reso-
lution usinga CT scannerwhich resultsin a 3D volumetric
dataset.Noisein thedatais Itered usingasmoothinglter,
andthe Itered datais visually inspectedto determinethe
optimumamountof ltering. Thedatais thensegmentedis-
ing aregion growing technigueOneor moreseedpointsare
interactvely marked in the data,andthe correctnes®f the
segmentationis assessebly visual comparisorof the visu-
alizedsggmentatiorboth with the scan,andwith the actual
coral colory. Holes and cavities in the sgmenteddataare
automaticallylocatedand lled, afterwhichamanualcheck
of the lled areads performed.

Fromthe segmentedvolumea morphologicalskeletonis
extracted,which is then corvertedto a graphrepresenta-
tion [RIPOQ. The next stepis theremoval of loopsfrom the
skeleton. The loops are automaticallyhighlighted, but the
cutlocationmustbeselectednanually If deemedhecessary
additionalbranche®r whole sectionf the skeletoncanbe
removed manually or by lengththresholdinglt is alsopos-
sible to straightenthe lines of the skeletonby a selectable
amount.

To enablecorrectmeasurementshe root of the coral is
selectedmanually and the proper orientationof the coral
with respecto the groundis establishednteractiely. The
branchef the skeletonare then orderedusing a Horton-
Strahlerordering[ YM94], in orderto split themeasurement
resultsby branchorder The distancetransform[Bor8€] of
the segmentedvolume, neededo measurehe thicknessof
thecoral,is calculatedpr loadedfrom disk.
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(@) Minimum and maximum
thickness.

(b) Branchingangles.

(c) Geotropy angles. (d) Branchspacing.
Figure 3: Exampleof the measuementmethodof ve dif-
ferentmorpholaical properties.

After this,themorphologicapropertieof thecoralcanbe
measuredusing several measurementspeci ¢ to the mor-
phologyof branchingcoralsandsimilar organisms{KL04];
gure 3shavshow ve of thesemeasurementreobtained.
Figure3(a)shavstheminimumandmaximumbranchthick-
ness;this is measuredwith sphereslocatedat branching
points(maximumthicknesswhite disc),andspheresocated
directly adjacento these(minimum thicknessblack disc).
Figure 3(b) shavs the branchingangles, gure 3(c) shavs
the geotrofy anglesand gure 3(d) shavs the branchspac-
ing.

The raw measuremendlatais compiledinto histograms
for easyanalysis.The mean,standarddeviation, and other
statisticsarealsocalculated Both cumulatve andperorder
statisticsare provided. Measurementfrom differentspeci-
mensaresubjectedo anon-parametricanktest,to quantify
thesimilaritiesor differencedetweerspecimens.

5. Problemsand Solutions

As statedearlier conceptuallythe systemis very simple.
The input datasetis ltered, segmented,and a skeletonis
extracted.This skeletonis thenmeasuredandthe measure-
mentsarethenanalyzedanddisplayedin somecorvenient
form.However, onadetailedevel therearemary dif culties
to beovercome Somearehandledoy automatigorocessing,
andsomerequiremanualintervention.
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5.1. Noise

CT scansf coralstendto containnoiseartifactsin thecenter
partof thecoral. Thisis presumablyaresultof thescattering
of X-rayshby thecoral.

Coralsalsotendto have an uneven surface,becauseart
of the surfacemight have erodedaway asa resultof long-
term exposureto the marineervironment.Furthermorethe
surfacemightbe partly coveredby encrustinganimalsor al-
gae,andthe colory mightbedamagedy boringorganisms,
suchasfor examplesponge®r certainworms.All thesear
tifactsmayshav up ontheCT scan.

If suchartifactsare small,they canbe Itered from the
scanusing sometype of image smoothing lter . Because
simple Iters alsotendto changethe shapeandlocationof
objectedgesn the image,which areimportantto the mea-
suringprocesswe have choserto usearatheradvanced |-
ter, which leaveslargeredgesmostlyintact.

A close-upvolumerenderingof a part of a coral colory,
with variousamountsof noisereduction ltering applied,is
shavn in gure 4. The lter is very successfuin removing
noise,but it is advisableto limit the numberof iterationsof
the lter, becauséoo much ltering cancausedisjoint but
closely adjacentbranchego fuse together Although such
arti cial branchfusioncanbedetectecutomaticallytheun-
necessaryntroductionof suchartifactsinto the datashould
be avoided. Visual comparisorof the Itered scanwith the
original colory canbeusedto determingheoptimalamount
of Itering.

Figure 4: Close-upvolumerenderingafter variousamounts
of noisereduction.

5.2. Damage

Coral coloniesare very fragile objects,and the branches
breakoff easily Becausea coralcolory mustbetransported
from the original growth site, or from a museuncollection,

to somelocation equippedwith a CT scannerit is almost

impossibleto avoid all damage.

Broken branchesare often reattachedo the rest of the
colory using sometype of glue. Becauseglue hasa lower
densitythantheoriginal coral,the CT scancontainsa lower
densitygapbetweerthetwo parts.For the purposeof study-
ing the shapeof the coral, the low densitygap shouldbe
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Figure5: Cross-sectiorshowinga clear fracture.

treatedasbeingpart of the coral. A cross-sectiomf sucha
brokenandreattachedbranchis shavnin gure 5.

Finding a suitablestartingpoint for the segmentationis
oftena matterof trial anderror, andeven a seeminglycor
rect sggmentationshould be carefully inspectedto deter
minewhethergluedbranchesave alsobeenincludedin the
segmentationA visualizationof the sgmenteccoralcanbe
comparedvith the ltered scanto visually determingf the
segmentatiorhasincludedpartsof the volumewhich do not
belongto the coral, or if it hasleft out partswhich do be-
long to the coral. The original colory mustalsosometimes
be usedfor this purposesinceit is not always possibleto
determinethe natureof someartifactsusingonly the scan.

It canalsobe decidedto ignorecertainpartsof the coral
for the purposeof the analysis,or to study only one part
of the colory. For example,the colory may have suffered
extensive damageopr a partof it may have died andslowly
decayeda long time beforethe study The systemprovides
aneasymethodof selectinga partof the skeleton,andeither
removing it, or keepingonly the selectegart.

5.3. Holes

Coralhasa high densitynearits surface,but avery low den-
sity in the center Theresultis thatin CT scansthereis not
a very large differencebetweenthe inside of the coral and
the backgroundEspeciallyin the centerof the coral,where
thereis noisein the scanasaresultof the scanneray being
scatteredthe differencebetweertheinsideof the coraland
the backgroundcannotbe readily determined as the den-
sity valuesarehardlydistinguishableThussegmentingaCT
scanof a coralwill resultin cavities insidethe object.If the
denseouterlayeris very thin in somelocation,or even ab-
sent,for exampledueto a drilled hole,the resultis thatthe
cavity insidethe segmentedobjectis actually connectedo
the backgroundThis kind of cavity is calleda hole,andan
examplecanbeseenn gure 6.

Cavities and holesin the sgmentedcoral make proper
skeletonizationand measurementery dif cult andunreli-
able,dueto their effects on skeletonizationalgorithmsand

Figure6: Part of a slicefroma scannedoral, clearly show-
ing a hole

distancetransforms so they mustbe lled up. While it is
trivial to Il acavity whichis completelyenclosednsidethe
object, lling holesconnectedo the outsidepresentgjuitea
challenge.

A cavity in anobjectis de ned asasetof connectedback-

groundvoxels,whichis surroundedy objectvoxels. These
backgroundvoxels thus form a “bubble' inside the object.
Thesecavities can easily be found by using an appropri-
ate ood- Il algorithm.If the backgroundof the volumeis
lled with thesamevalueastheobject,thentheonly remain-
ing backgroundsoxels arethosethatbelongto the cavities.
Thus,if it is known thatan objectis not supposedo have
ary cavities, thesecaneasilybefoundand lled.

Holesarecavities which have a connectiorto the regular
backgroundn the volume.Dueto this connectionijt is not
possibleto locatethemusinga ood- Il algorithm,asthere
is no boundanpbetweerthe hole andthe background.

However, if the volumeis divided into 2D slices,it can
be seenthatin mary of theseslicesthe part corresponding
to the hole is actuallyanisland of backgroundvaluesfully
enclosedby foregroundvalues,aswould be the casewith
a cavity. By combiningthis informationfrom mary slices,
cutin differentdirectionsfrom the volume,it is possibleto
locatemostof the voxelsbelongingto the hole.

In our system, rst all cavities are lled with a regular
ood- Il. Thenthe remainingholesare lled by consider
ing the volume slice-by-slice,with slicesperpendiculato
the primary axes,aswell asslicesperpendiculato the side
diagonalsof the volume. The backgroundin eachslice is
ood- lled with the foregroundvalue,andtheninverted,so
the only remainingforegroundvoxelsin the slice arethose
belongingto a hole. Theseslicesare thenrecombinednto
anew volumeusingalogical OR operation.Thewhole pro-
cesds performedasecondime ontheoutputof the rst run,
to Il someremaininggapswhich could notbe lled in the
rst iteration.

¢ TheEurographicsAssociation2006.
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Sinceit is possiblethat this methodwould Il up areas
which would not be considerecholes,the llings mustbe
checled manuallyby the user This is doneby shaving the
usereachlling, alongwith theoriginal object.Theusercan
thendecidefor each lling whetherit is corrector not, and
only thecorrectonesarethencombinedwith theobject.Be-
causemostof the llings createdby this methodare very
small,andnotlikely to bevery signi cant, they areordered
by decreasingsize. The usercanthendecidethatary |I-
ing smallerthanthe currentonewill beinsigni cant, evenif
incorrect,andstopcheckingmore llings.

5.4. SkeletonLoops

Some of the used measurementgequire the skeleton
branchesto be ordered. This hierarchical ordering of
brancheds only possibleif the skeletoncontainsno loops,
but unfortunatelythis is usuallynot the case Loopscanap-
pearin coral skeletonseither as an artifact of insufcient

scanneresolutionor becaus¢hebranchesf thecoralhave
actuallygrown backtogether

Figure 7: Sleletonwith loopshighlighted.

To properlyperformthe measurementsheseloopsmust
be disconnectedTo our knowledgethereis currentlyno al-
gorithm availablewhich candetectthe exactlocationof fu-
sionpointsof branchesor determinehow muchof theskele-
ton shouldactually be removed. Due to this lack of auto-
maticmethodsuserinteractionis requiredfor thistask.The
systencanonly assisby highlightingtheloopsin theskele-
ton,asshavnin gure 7.

5.5. SkeletonNoise

As a result of the unevennessof the surface of the coral,
even after Itering, the skeletonmay containmary ‘false
branches'Theseare brancheswvhich do not correspondo
an actualbranchof the coral, but ratherto a small distur
banceon the surface. While thesebranchescould be re-
movedmanuallyfrom theskeleton therecanbealot of such
branchesandit is easierto remove themby de ning amin-
imum lengthfor suchbranchesAll endbranchesvhich are
shorterthanthe thresholdvalue arethenremoved from the
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skeleton.Thisis shavnin gure 8. A potentialpitfall hereis
thatbranchesvhich have very recentlyformed,andarethus
still very short,will alsoberemovedfrom thedata,andwill

notbemeasured.

Figure 8: Remaing shortendbrandhesfromthe skeleton.

5.6. Discretization Artifacts

Becausehe skeletonis voxel-basedit will containaliasing
artifacts. Theseappearin the form of jaggedlines, which

shouldhave beenstraight.If thisis consideredo be a prob-

lem, for examplebecausét increaseshelengthof abranch,
thelinescanbestraightenea@ut[RJPOQ. The parametefor

this simpli cation canbe interactively selecteda proposed
new skeleton,with a very large amountof simpli cation, is

shawvn highlightedin gure 9.

Figure 9: Simpli cation of the skeleton.

6. Implementation

The lItering andsegmentatiorhasbeenimplementedising
standard Iters from the Insight Segmentationand Regis-
tration Toolkit (ITK). The Itering is doneusingthe ITK
Cunvature Flow lter, while the sggmentationutilizes the
ITK Con denceConnectedlter . The VisualizationToolkit
(VTK) is usedto shav the resultsof the ltering andseg-
mentationandto interactvely selectthe segmentatiorstart-
ing point. Thevisualizationtechniquesisedinclude3D vol-
ume rendering,translucentand solid 3D iso-surfices,2D
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sliceimagesand3D geometricepresentationsf the skele-
tal graphandsomemeasuremenesults.

Unfortunately there is no Iter in either the Insight
Toolkit or the VisualizationToolkit which can Il holesin
binary volumes.Also, mostwork in the areaof hole II-
ing is focusedon either patchingclearly de ned gapsin
meshsurface§ DMGLO02], or retouchinggapsin 2D images
[BSCBO0Q. We have thereforedevisedandimplementedur
own crude lling algorithmfor 3D volumes,usingan exist-
ing VTK lter asthe basis.This algorithmwas described
in section5.3. As statedbefore,the outputof this algorithm
requiresnteractive inspection.

A skeletonizatioralgorithmproposedy W. Xie [XTP03J
hasalsobeenimplementedasa VTK lter. Althoughthere
are no 3D volume skeletonization Iters in either ITK or
VTK, the mainreasonfor an own implementatiorwasthat
the choiceof the speci ¢ algorithmhadalreadybeenmade
before[KvLKO5].

After skeletonization,the voxel-basedskeletonis con-
vertedinto agraphrepresentationysingVTK geometrydata
structureswith linesconnectingheighboringvoxels.All the
remaining parts of the systemoperateon theselines. As
VTK lacksa lter to performeitherthe conversionto lines,
or mary of the othertasksrequiredfor the system this too
hasmadethe developmentof severalnew VTK Iters nec-
essary

6.1. Performance

Dueto thesizeof the CT scang(typically 512 512 512
voxels, 512MB of dataif single-precisionoating pointis
used),the performanceof the systemduring somestepsis
very dependenbn theamountof availablememory The |-
teringis a particularlymemory-intensie operationasit not
only uses oating-point valuesfor all voxels,but alsokeeps
several copiesof the datain memoryat the sametime. On
our test system,equippedwith an AMD Athlon64 3800+
CPUand2 GB of memorythe ltering takesapproximately
80 secondgeriterationof the algorithm,dependingon the
sizeof thevolume,assuminghatatypical volumehasasize
of 512° voxels.

The amountof time neededor sggmentation,assuming
a suitablestarting point is chosen,dependsmainly on the
volume occupiedby the objectbeing sgmented We have
obseredtimesbetweer20 secondsind2 minutes.If anin-
correctstartingpointis chosenijt is possiblethat eitherthe
backgroundpr the whole volume is marked as the object
of interest.n thatcasethe sggmentatiortakesmoretime to
completethanthetime requiredwith acorrectstartingpoint.

Thehole lling algorithmrequiresthe mosttime to com-
plete.Thetime to performthetwo lling iterationsusedby
thesystenrangedrom 7 to 11 minutesfor thedataanalyzed
in section?. It alsotakesseveral minutesto manuallycheck
theresults.

For the samedata,we have obsered the skeletonization
algorithmto take from 30 secondso 2 minutesto complete.
Thistime depend®nthevolumeoccupiedy theobject,and
onthethicknesf the object.A thin objectwill requireless
iterationsto extractthe skeletonthanathick objectoccupy-
ing the samenumberof voxels.

The calculationof the distancemap,which is neededor
the measurementsequiresa greatamountof memoryfor
large volumes.The time to calculatethe distancemapsfor
thepreviously mentioneddatarangedrom 80 secondsip to
nearly4 minutes,with thelatterbeingpartly dueto the pro-
cesausingmorethantheavailable2 gigabytesof RAM, with
someamountof disk swappingslowing the processdown.

Oncethedistancemapis eithercalculatedr loadedfrom
disk, the actual measuringand the generationof the his-
togramstakesno longerthan30 seconds.

Typicaltotaltimesrequiredfor processingnaveragedata
setrangefrom 30to 45 minutes.

7. Results

We have usedthe systemto comparethreespecimensf the
scleractiniarcoral speciedMadracis mirabilis, which is na-
tive to the Caribbearregion. The threecoral colonieswere
scanneataresolutionof 0.25mm 0.25mm 0.3mm,with
aslicesizeof 512 512pixels. The specimensverenamed
object389, object393 andobject394. The respectie num-
ber of slicesin eachscanis 541,373 and 329. A volume
renderingof thesethreespecimenss shovn on the far left
in gure 10. Notethattheserenderingsarenot on the same
scale.lt caneasily be seenthat objects393 and 394 differ
signi cantly in theircompactnesandit is assumedhatob-
ject389constitutemnintermediatdorm betweerthesetwo.

All threespecimenshave beendenoisedusing four iter-
ationsof the denoising lter, asthis was determinedo be
the optimalsettingfor this particulardata.The close-upof a
partof object394in gure 4 demonstratethe effect of the
Itering.

7.1. Visual Results

The resultsof sggmentationof the threeobjectsare shavn

in theseconccolumnfrom theleft in gure 10. Visualcom-
parisonwith the original object,andwith the scan indicates
thatthe sggmentatioris correct.

Thecorrespondingnorphologicakkeletonof eachspeci-
mencanbeseenin thethird columnof gure 10. Theloops
have alreadybeenremored from theseskeletons andsome
simpli cation hasbeenapplied.

7.2. Quantitati ve Results

Becausehe systemproduceda large amountof data(225
histogramaveregenerated)anda detaileddiscussiorof all

¢ TheEurographicsAssociation2006.
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393 simp length 393 simp branching angle:

o
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Figure 10: Fromtop to bottom:object393, object389, and object394. Fromleft to right: Volumerenderingof the CT scan,
iso-surfaceof the sggmentation the skeleton,a histagram of the branch lengths,and a histogram of the branching angles

thickness.

resultsis beyondthe scopeof this paperwe shallonly high-
light two of the obtainedresults.

The histogramdn gure 10 show the valuesof the mea-
surement®n the X-axis, andthe frequeng distribution of
thesevalueson the Y-axis. Fromtop to bottom,eachsetof
histogramsshaws the distribution for object393, 389 and
394.This orderis usedbecaus®bject389is believedto be
anintermediatdorm betweerobject393andobject394.

The left histogramsn gure 10 shav the lengthsof the
branche®f eachcoral. This metricis de ned asthedistance
alongthe skeletonbetweersuccesie branchingpoints.The
graphshaws thatthe brancheof object393 areon average
slightly longer than the branchesof object 389, while the
branche®f object394 aresigni cantly shorter Thusin the
caseof branchlength, object 389 might be consideredan
intermediatdorm.

Theright histogramsn gure 10 show the branchingan-
gles. Theseare the anglesbetweenbranchewriginating at
acommonbranchingpoint, asillustratedin gure 3(b). The
histogramsshawv that the averageangleis very similar for
all threeobjects,but the deviation from this averageis the
smallestfor object393,andthe largestfor object394,with
object389againin themiddle.
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8. Conclusion

In this paperwe describea procedurdor themorphological
guanti cation of branchingcomple-shapedobjects. This
procedurecanbe appliedto a broadclassof biotic andabi-

otic branchingobjects.In coraltaxonomy[VP76 the mor-

phological descriptionof coral coloniesis usually highly

gualitative. In our approachwe are able to male a true
quantitatve differentiationbetweenmorphologief differ-

entcoralspeciesFurthermoreghe methodcanbeusedto in-

vestigatetheimpactof the physicalenvironmentonthemor

phology In simulationstudieson growth andform of coral
colonieg KSM 085], theavailability of methodgor compar

ing simulatedandactualgrowth formsis a crucial prerequi-
site.

We have describedhe variousproblemswhich canoccur
whenattemptingo quantifycoralmorphology Therecanbe
noisein the data,the coral colory canhave sustainedlam-
age,andthe structureof the coralitself malkesit dif cult to
performa propersggmentationThemorphologicakkeleton
can containloops, which must be disconnectedand vari-
ousotherartifacts.All theseissueshave anin uence onthe
guanti cation of the morphologyof the coral,and mustbe
properlyresohedin orderto performan accuratequantita-
tive analysis.

Interactve visualizationis an essentiapart of the quan-



K.J. Kruszyhski,R.vanLiere & J. A. Kaandorp/ An InteractiveVisualizationSystenfor QuantifyingCoral Structues

ti cation processilt is necessarbecaussometaskscannot
beperformecautomaticallysuchasdisconnectingry loops
presenin the skeleton.Sometimest is alsoneededn order
to correctthe resultsof automaticprocessingor to provide
the quanti cation systemwith informationwhich it cannot
infer from the data.Finally, it is usedto verify thatthe sys-
tem doesnot introduceartifactsinto the data,and thus to
malke surethatthe obtainedresultsareindeedaccurateand
reliable.
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