Re-dicing Tomogr aphic Volumes with Shell Rendering
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Abstract. In thiswork we shav atechniquebasedon ShellRenderingo processa volumecomposedy a setof
tomographidmagesn suchaway thatit canberotatedandre-slicedin anew volumein anappropriateangle.We
alsoproposetwo differenttechniquedor dealingwith quality of renderedmages.In thelastcase the quality of

thenew imagesis comparabléo theoriginal ones.

1 Introduction

In medicine ,tomographidmagesare usedfor the purpose
of betterunderstandinghe structuregpresenin the human
body. The imagediagnosticthe suigery planning[9], the
medical educationand the study of internal body events
are examplesof applicationgthat benefitfrom andrequire
thevisualizationof theseimages.Tomographidmagesare
acquiredby specialdevices suchas X-Ray ComputerTo-
mography(CT) or Magnetic Resonancdmaging (MRI).
Eachtomographicimage correspondso a 2D imageof a
trans\ersalcut of the patient. The sequencef the tomo-
graphicimagesmake avolumeor ascene.

Thebesttomographidevicescanacquirecomographic
imagesn threedifferentplanes:thelongitudinal sagittalor
coronalplanesof the patient. This canbealimiting feature
to one's needof studyingthe growth of structuresn anon
coveredplaneor in abodyincisionin annon-straightangle.
For this reasonthis work proposes techniquefor rotating
the sceneto an appropiateangleandre-slicingit suchas
thetomographiadevice. This techniques baseduponthe
shellrenderingtechniquefor volumerendering.This work
alsoproposeswo differenttechniquedor dealingwith the
renderingguality of images.

In the next sectionswe describethe renderingtech-
nigue usedto renderthe final re-slicedimagesandits ad-
vantagessomparedo othertechniques.We alsodescribe
there-slicingprocesawith the problemsandtheir solutions
using a slightly modified Shell Renderingalgorithm. We
demonstratéheapplicationwith theresultsanddiscussome
performanceassues.

2 Rendering Techniques

Renderingechniquesreusedto transforma 3D modelor
objectinto a 2D imageon the computerscreen providing
this imagewith some3D information suchaslinear per
spectve, shadingor occlusion.Researcherkave proposed
severalrenderingtechniqueghatcanbe classifiedinto two
major classessurfacerenderingandvolumerendering.In
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Figurel: 2D shellstructureexample:(a)theoriginalimage
with the pixels of interestin gray; (b) the correspondent
array P of pointersandindexedlist L for theimage.

surfacerendering only thevoxelsin thevicinity of the ob-
jectboundaryareconsideredo contributeto therendering,
andanapproximateepresentationf the surfaceof the ob-
ject is computedusing basicelements,suchas voxels or
polygons.In volumerenderingeachvoxel in theobjecthas
anopacityvalueassigne@ndis consideredo contributeto
therenderingresultingin asemi-transparenlume(2, 5].
In thispapemwe areconcerneanly aboutvolumerendering
because¢here-slicingusests properties.

ShellRenderings an approachsuitablefor both sur
faceandvolumerenderingandis known asoneof thefastest
renderingalgorithmin literature[1]. The shellstructureis
composedy a 2D array P of pointersandanindexed list
L. By scanningthe tomographicvolume from the first to
thelastelement(x, y, z-order),all the voxelswith density
value f (v) greaterthanzeroarestoredin thelist L, along
with the coordinater. Eachelementin P(y, z) is a pointer
to thefirst voxel atcolumnz. A 2D shellstructureexample
is depictedn Figurel.

Shellrenderingis an Object-orderalgorithmthat op-
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Figure 2: Forming a 3D scene:(a) original sliceswith d
spacing;(b) avoxel; (c) the 3D scene.

eratesby projecting voxels into the viewing plane while

traversingthe volumein a specifiedorder[4]. In fact, it

performsa direct voxel projection. One of the dravbacks
with direct voxel projection,dueto the natureof the pro-
jection transformationfrom the 3D volume domainto the
2D visualizationplanedomain,is the appearancef black
holesin therenderedmage.In orderto overcomethis prob-
lem, additionalcomputationis requiredduring or afterthe
rendering.

3 Redlicing Algorithm

Thesetof imagesgeneratedby atomographicscannefi.e.:
computettomography(CT) or magnetiaesonancémaging

(MRI)) represents 3D digital imagedataor a 3D scene.

This dataconsistsin a setof slicesequallyspacedparallel
to oneof the longitudinal,sagittalor coronalplanesof the
patient. Eachvoxel v in this volumeis a cuboidwith di-
mensiong x p x d centeredn a (x,y, z) coordinate,as
the d dimensionof the cuboid differs from the p dimen-
sion, dependingon the spacingof the slices. The forming
of a3D scends depictedin Figure2. An interpolationop-
erationis neededo corvert this volumeinto an isotropic
dataset, wherethe voxel shapeis a cube(i.e. p = d), to
avoid distortionson thefinal renderedmage.A simplelin-
earinterpolationalgorithmcanbe usedhereto producethe
isotropicdataset([1, 7].

The next stepconsistsof selectingthe voxels of the
objectandinsertingthemon the shell structure. This par
ticularshellis calledbody-shell sinceit holdsall thevoxels
of theobject. There-slicingis doneby first rotatingthedata
setwith two anglesof movementa andg (tilt andspin). In
this operation,a new coordinate(u, v, w) is calculatedfor
eachvoxel and storedin the indexed list L. For storing
thenew calculatedccoordinatesywe usedaslightly modified
shellstructure.Thevaluesof (u, v, w) wereinsertedin the
L list, andthe array P structurewas keptthe same. The
new coordinatesregivenby the Formulal [8].

(b)

Figure3: Re-slicingprocess{a) therotatedvolumeandits
domain;(b) thenew re-sliced3D scene.
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Where:

(z,y, z) aretheoriginal coordinategor the voxel;

To istheorigintranslatiormatrixto centertheobjectwithin
centerof the system;

R, andRg arethetilt (z) andspin(y) rotationmatrixes;
Tp» is atranslationmatrix to restorethe objectto theini-
tial positionof the system;

(u,v,w) arethenew calculateccoordinategor thevoxel.

Thew valueindicatesthe new slice thatthe voxel be-
longsto after the rotation. Figure 3a shows a cubein a
flat line representinga tomographicvolume rotated with
a = 45° andB = 45°. The dashedcuberepresentshe
domainof the rotatedcube,which is usedto generatehe
new re-sliced3D scene Figure3b shovs the new re-sliced
3D scenewheretheslice k is definedby w.

Generatinghenew setof re-slicedmagess astraight-
forward process.By an exhaustve readingof theindexed
list L, eachpixel (u,v) canberenderedn anappropriate
slicew usingits densityvalue f(p).

4 Main Results

As describedin Section2, the final renderedmage gen-
eratedby direct voxel projection can presentsomeblack
holes. Thereare mary techniquedor solving this prob-
lem, for example:consideringheprojectionof thevoxel to
cover morethanonepixel in the viewing planeor usinga
filter ontherenderedmagefor remaoving black holes. The
problemswith thesesolutionsarethatthe formergenerates
undesiredpixel shadev andthe latter may eliminatefine
detailsin theimage.

We have testedtwo differentapproachegor dealing
with this problem.Theblack holesarecausediueto a bad



roundingof the projectioncoordinatedo a discreteplane
(z,y). This problemcan be minimized by working with
a projectionplanewith twice the resolutionand a double
renderingwith two differentroundings.Thefirst rendering
projectsa normal sized pixel with the integer coordinate
(u,v) multiplied by two. The secondrenderingprojects
a double sized pixel in the real coordinate(u,v) multi-
plied by two andthenroundedto its integer value. This
lastrenderings resposibldor projectingpartof the poorly
roundednon-projectegixelsin thefirst rendering.At this
point, the renderedmageis a messandhastwice theres-
olution needed.A linearinterpolationto achieve the final
renderedimage with normal resolutionis not applicable.
The final imagecanbe doneby consideringonly the pix-
elsin evenrows andcolumnsof thedoublesizedprojection
plane. Thefinal resultis animagewith anaverageof 50%
lessblack holesthanthe imagerenderedwith the original
algorithm.

The computationakostfor this doublerenderedm-
ageandthe quality of the resultsleadthis work to another
way of dealingwith black holes.We noticedthatthe black
holesare mainly one pixel wide, thus a simple linear fil-
teris ableto solve this problembetterthanthe former pre-
sentedsolution. This filter searchedor black pixels with
2-neighboumon-blackin first a vertical andfurtherin an
horizontalfashion,andreplacests valuewith the average
value of its neighbours. Sincethis kind of filter doesnot
alterthe valuesof gray pixelsit doesnot blur therendered
image. We have found that usingmorethan oneiteration
of thisfilter cancompletelysolve the black holesproblem,
andfour hasbeentakenasthe magic-numbefor this appli-
cation. The performanceof the linear filter andthe visual
quality of theimagescomparingo thedoublerenderingal-
gorithmhave shavn betteresults.lt canbeseenn Figure4
the sucessie progressiorfor eliminatingblack holes. Fig-
ure4adepictsanimageof a skull rotatedwith o = 58° and
B = 90° with no filter. Figure4b is the sameimagegen-
eratedwith the doublerenderingandFigure4c is a single
renderedmagewith four iterationsof thelinearfilter.

To generatdhere-slicedimages,a pre-calculatedo-
ordinate(u, v) of all voxelsis storedalongthe L list. For
eachvalue of (a, ), the coordinatesare calculatedonly
once.Afterwardsary slicecanberetrievedwithout further
calculation.Eachsliceis doneby a 2D-renderthatsearchs
thelist L for pixelsw = k, wherek is the numberof the
desiredslice.

For testingthe performanceof the shell renderingre-
slicing algorithm we usedan AMD K6-II processomwith
500Mhzof clock, 192Mb of memoryanda SiS 305 video
cardwith 16Mb of memory Thetestsweredonewith three
body-shellsThefirstis aCT of adry skull, the secondand
third areMRI’ sfrom akneeandathroat. Tablel compares
the renderingtimes for the two methodsof dealingwith

Figure4: Black holesremoval: (a) the original imagewith
black holes;(b) doublerenderedmagewith betterround-
ing; (c) asimplelinearblack holesremovalfilter.

Voxels | nofilter | double four

in Shell rendering| iterations
skull | 2.320.589| 1.487s| 2.295s 1.531s
knee | 2.399.920| 1.530s | 2.339s 1.557s
throat | 4.003.529| 2.515s | 3.891s 2.547s

Table1: Shellsize,renderingtime for completecalculeof
therotationandgeneratinga singleslice.

blackholeswith thetime for asinglere-slicerenderingwith
no filter. It alsoshavs the numberof voxels pertainingto
theshells.

Table 2 shavs mediumtimesfor generatinga single
slice. Thesetimesdo not includethe time for rotatingthe
shellandstoringthe rotatedcoordinateu, v, w) in the L
list. For this reasonthe doublerenderingalgorithmis not
comparablewith them, sinceit doesnot storethe rotated
coordinatebut calculatest twice for eachvoxel projected
everytime. Thenumberof thepixelsin theprojectionplane
werealsoincludedin this table,to clarify sometime varia-
tionsthathapperwhenthefour iterationlinearfilter isused.

The mainresultsof the re-slicingcanbe seenin Fig-
ure 5 and Figure 6. The first sequenceof imagesrep-
resentsthe re-slicedknee body-shellwith o« = 73° and
B = 127°. Figure 5athroughFigure 5d are sliceswith
w = [160,170,180,190] respectiely. The secondse-
quenceof imagesrepresentshe re-slicedkneebody-shell
with o = 45% andp = 229. Figure6athroughFigure6d
aresliceswith w = [165, 175, 185, 195] respectiely.



renderedmage | nofilter four
sizein pixels iterations
skull 433%x433 0.091s | 0.136s
knee 336x336 0.093s | 0.120s
throat 370x370 0.154s | 0.186s

Table2: Mediumtimesfor generatinga singleslice aftera
pre-calculatedotation.

(d)

Figure5: Re-slicingresultsfor kneerotateda = 73° and
B = 127°: slice number(a) 160; (b) 170; (c) 180 and(d)
190.

5 Conclusion

We have presented techniqueo re-slicetomographicvol-
umesbaseduponthe shellrenderingtechnique.lt consists
of using a slightly modified shell strucutreto store pre-
calculatedotatedvaluesfor eachvoxelin theshellandthen
usesthesevaluesto generatehe re-slicedimages.The vi-
sualquality of theseimagesis comparabldo the originals,
andthe speedof the algorithm enablesa real-timevisual-
izationof theslices thatcanberenderedn anapproximate
avegareof 0.15seach.We have alsopresentedwo different
approache dealingwith black holesleft in theimageby
thevoxel projectiontechnique Thefirst consistof execut-
ing abetterroundingon the projectioncoordinatesandthe
secondwhich is faster consistsof applyingfour iterations
of alinearfilter onthefinal renderedmage.
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