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Abstract. In this work we show a techniquebasedon ShellRenderingto processa volumecomposedby a setof
tomographicimagesin suchaway thatit canberotatedandre-slicedin anew volumein anappropriateangle.We
alsoproposetwo differenttechniquesfor dealingwith quality of renderedimages.In the lastcase,thequality of
thenew imagesis comparableto theoriginalones.

1 Introduction

In medicine,tomographicimagesareusedfor thepurpose
of betterunderstandingthestructurespresentin thehuman
body. The imagediagnostic,the surgeryplanning[9], the
medical educationand the study of internal body events
areexamplesof applicationsthat benefitfrom andrequire
thevisualizationof theseimages.Tomographicimagesare
acquiredby specialdevicessuchasX-Ray ComputerTo-
mography(CT) or Magnetic ResonanceImaging (MRI).
Eachtomographicimagecorrespondsto a 2D imageof a
transversalcut of the patient. The sequenceof the tomo-
graphicimagesmakeavolumeor a scene.

Thebesttomographicdevicescanacquiretomographic
imagesin threedifferentplanes:thelongitudinal,sagittalor
coronalplanesof thepatient.This canbea limiting feature
to one’s needof studyingthegrowth of structuresin a non
coveredplaneor in abodyincisionin annon-straightangle.
For this reason,this work proposesa techniquefor rotating
the sceneto an appropiateangleand re-slicing it suchas
the tomographicdevice. This techniqueis baseduponthe
shell renderingtechniquefor volumerendering.This work
alsoproposestwo differenttechniquesfor dealingwith the
renderingqualityof images.

In the next sections,we describethe renderingtech-
niqueusedto renderthe final re-slicedimagesandits ad-
vantagescomparedto other techniques.We alsodescribe
there-slicingprocesswith theproblemsandtheir solutions
usinga slightly modifiedShell Renderingalgorithm. We
demonstratetheapplicationwith theresultsanddiscusssome
performanceissues.

2 Rendering Techniques

Renderingtechniquesareusedto transforma 3D modelor
objectinto a 2D imageon the computerscreen,providing
this imagewith some3D information suchas linear per-
spective,shadingor occlusion.Researchershave proposed
severalrenderingtechniquesthatcanbeclassifiedinto two
majorclasses:surfacerenderingandvolumerendering.In

Figure1: 2D shellstructureexample:(a) theoriginal image
with the pixels of interestin gray; (b) the correspondent
array

�
of pointersandindexedlist � for theimage.

surfacerendering,only thevoxelsin thevicinity of theob-
jectboundaryareconsideredto contributeto therendering,
andanapproximaterepresentationof thesurfaceof theob-
ject is computedusing basicelements,suchas voxels or
polygons.In volumerendering,eachvoxel in theobjecthas
anopacityvalueassignedandis consideredto contributeto
therendering,resultingin asemi-transparentvolume[2, 5].
In thispaperweareconcernedonly aboutvolumerendering
becausethere-slicingusesits properties.

Shell Renderingis an approachsuitablefor both sur-
faceandvolumerenderingandisknownasoneof thefastest
renderingalgorithmin literature[1]. Theshell structureis
composedby a 2D array

�
of pointersandan indexedlist� . By scanningthe tomographicvolumefrom the first to

the lastelement( � , � , � -order),all thevoxelswith density
value ���
	�� greaterthanzeroarestoredin the list � , along
with thecoordinate� . Eachelementin

� �
��
���� is a pointer
to thefirst voxel atcolumn � . A 2D shellstructureexample
is depictedin Figure1.

Shell renderingis an Object-orderalgorithmthat op-



Figure2: Forming a 3D scene:(a) original sliceswith �
spacing;(b) a voxel; (c) the3D scene.

eratesby projectingvoxels into the viewing planewhile
traversingthe volume in a specifiedorder [4]. In fact, it
performsa direct voxel projection. Oneof the drawbacks
with direct voxel projection,dueto the natureof the pro-
jection transformationfrom the 3D volumedomainto the
2D visualizationplanedomain,is the appearanceof black
holesin therenderedimage.In orderto overcomethisprob-
lem, additionalcomputationis requiredduringor after the
rendering.

3 Re-slicing Algorithm

Thesetof imagesgeneratedby atomographicscanner(i.e.:
computertomography(CT) or magneticresonanceimaging
(MRI)) representsa 3D digital imagedataor a 3D scene.
This dataconsistsin a setof slicesequallyspacedparallel
to oneof the longitudinal,sagittalor coronalplanesof the
patient. Eachvoxel 	 in this volumeis a cuboidwith di-
mensions��������� centeredin a ����
���
���� coordinate,as
the � dimensionof the cuboid differs from the � dimen-
sion,dependingon the spacingof the slices. The forming
of a 3D sceneis depictedin Figure2. An interpolationop-
erationis neededto convert this volume into an isotropic
dataset,wherethe voxel shapeis a cube(i.e. ����� ), to
avoid distortionson thefinal renderedimage.A simplelin-
earinterpolationalgorithmcanbeusedhereto 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 movement� and  (tilt andspin). In
this operation,a new coordinate��!"
�	#
�$%� is calculatedfor
eachvoxel and storedin the indexed list � . For storing
thenew calculatedcoordinates,weusedaslightly modified
shellstructure.Thevaluesof �
!&
'	�
'$(� wereinsertedin the� list, and the array

�
structurewaskept the same. The

new coordinatesaregivenby theFormula1 [8].

(a) (b)

Figure3: Re-slicingprocess:(a) therotatedvolumeandits
domain;(b) thenew re-sliced3D scene.
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Where:����
���
���� aretheoriginal coordinatesfor thevoxel;14= is theorigin translationmatrixtocentertheobjectwithin
centerof thesystem;6;: and 6?8 arethetilt ( � ) andspin( � ) rotationmatrixes;1 3A@�B is a translationmatrix to restoretheobjectto theini-
tial positionof thesystem;��!"
�	#
�$%� arethenew calculatedcoordinatesfor thevoxel.

The $ valueindicatesthenew slicethat thevoxel be-
longs to after the rotation. Figure 3a shows a cubein a
flat line representinga tomographicvolume rotatedwith�C�ED�FHG and  I�JD�FHG . The dashedcuberepresentsthe
domainof the rotatedcube,which is usedto generatethe
new re-sliced3D scene.Figure3b shows thenew re-sliced
3D scene,wheretheslice K is definedby $ .

Generatingthenew setof re-slicedimagesisastraight-
forwardprocess.By an exhaustive readingof the indexed
list � , eachpixel �
!&
'	�� canbe renderedin an appropriate
slice $ usingits densityvalue ���/��� .
4 Main Results

As describedin Section2, the final renderedimagegen-
eratedby direct voxel projectioncan presentsomeblack
holes. Thereare many techniquesfor solving this prob-
lem,for example:consideringtheprojectionof thevoxel to
cover morethanonepixel in the viewing planeor usinga
filter on therenderedimagefor removing blackholes.The
problemswith thesesolutionsarethattheformergenerates
undesiredpixel shadow and the latter may eliminatefine
detailsin theimage.

We have testedtwo different approachesfor dealing
with this problem.Theblackholesarecauseddueto a bad



roundingof the projectioncoordinatesto a discreteplane����
���� . This problemcan be minimizedby working with
a projectionplanewith twice the resolutionanda double
renderingwith two differentroundings.Thefirst rendering
projectsa normal sizedpixel with the integer coordinate��!"
�	�� multiplied by two. The secondrenderingprojects
a double sized pixel in the real coordinate ��!"
�	�� multi-
plied by two and then roundedto its integer value. This
lastrenderingis resposiblefor projectingpartof thepoorly
roundednon-projectedpixelsin thefirst rendering.At this
point, the renderedimageis a messandhastwice the res-
olution needed.A linear interpolationto achieve the final
renderedimagewith normal resolutionis not applicable.
The final imagecanbe doneby consideringonly the pix-
elsin evenrowsandcolumnsof thedoublesizedprojection
plane.Thefinal resultis animagewith anaverageof 50%
lessblack holesthanthe imagerenderedwith the original
algorithm.

The computationalcost for this doublerenderedim-
ageandthequality of theresultsleadthis work to another
way of dealingwith blackholes.We noticedthat theblack
holesaremainly onepixel wide, thusa simple linear fil-
ter is ableto solve this problembetterthantheformerpre-
sentedsolution. This filter searchesfor black pixels with
2-neighbournon-blackin first a vertical andfurther in an
horizontalfashion,andreplacesits valuewith the average
valueof its neighbours.Sincethis kind of filter doesnot
alter thevaluesof graypixels it doesnot blur therendered
image. We have found that usingmorethanoneiteration
of this filter cancompletelysolve theblackholesproblem,
andfour hasbeentakenasthemagic-numberfor thisappli-
cation. The performanceof the linear filter andthe visual
qualityof theimagescomparingto thedoublerenderingal-
gorithmhaveshownbetterresults.It canbeseenin Figure4
thesucessive progressionfor eliminatingblackholes.Fig-
ure4adepictsanimageof askull rotatedwith �L�5FHM G and 5�ONQPQG with no filter. Figure4b is the sameimagegen-
eratedwith the doublerenderingandFigure4c is a single
renderedimagewith four iterationsof thelinearfilter.

To generatethe re-slicedimages,a pre-calculatedco-
ordinate �
!&
'	�� of all voxels is storedalongthe � list. For
eachvalue of ���R
' "� , the coordinatesare calculatedonly
once.Afterwardsany slicecanberetrievedwithout further
calculation.Eachsliceis doneby a 2D-renderthatsearchs
the list � for pixels $S��K , where K is the numberof the
desiredslice.

For testingthe performanceof theshell renderingre-
slicing algorithm we usedan AMD K6-II processorwith
500Mhzof clock, 192Mbof memoryanda SiS305video
cardwith 16Mbof memory. Thetestsweredonewith three
body-shells.Thefirst is aCT of adry skull, thesecondand
third areMRI’s from akneeanda throat.Table1 compares
the renderingtimes for the two methodsof dealingwith

(a) (b)

(c)

Figure4: Black holesremoval: (a) theoriginal imagewith
blackholes;(b) doublerenderedimagewith betterround-
ing; (c) asimplelinearblackholesremoval filter.

Voxels no filter 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
therotationandgeneratingasingleslice.

blackholeswith thetimefor asinglere-slicerenderingwith
no filter. It alsoshows the numberof voxelspertainingto
theshells.

Table2 shows mediumtimes for generatinga single
slice. Thesetimesdo not includethe time for rotatingthe
shell andstoringthe rotatedcoordinates�
!&
'	�
'$%� in the �
list. For this reason,thedoublerenderingalgorithmis not
comparablewith them,sinceit doesnot storethe rotated
coordinatebut calculatesit twice for eachvoxel projected
everytime. Thenumberof thepixelsin theprojectionplane
werealsoincludedin this table,to clarify sometime varia-
tionsthathappenwhenthefour iterationlinearfilter isused.

The main resultsof the re-slicingcanbe seenin Fig-
ure 5 and Figure 6. The first sequenceof imagesrep-
resentsthe re-slicedkneebody-shellwith �E�UTWVQG and X� ,ZY TWG . Figure 5a throughFigure 5d are sliceswith$[�]\ ,_^ P`
 , TWPa
 , MbP`
 , NQPHc respectively. The secondse-
quenceof imagesrepresentsthe re-slicedkneebody-shell
with �d�ID�FWG and  �� YbY G . Figure6a throughFigure6d
aresliceswith $5�e\ ,_^ F`
 , THF�
 , M�F�
 , NbFWc respectively.



renderedimage no filter four
sizein pixels iterations

skull 433� 433 0.091s 0.136s
knee 336� 336 0.093s 0.120s
throat 370� 370 0.154s 0.186s

Table2: Mediumtimesfor generatinga singlesliceaftera
pre-calculatedrotation.

(a) (b)

(c) (d)

Figure5: Re-slicingresultsfor kneerotated �d�fTHVHG and d� ,gY TWG : slice number(a) 160; (b) 170; (c) 180and(d)
190.

5 Conclusion

We havepresentedatechniqueto re-slicetomographicvol-
umesbasedupontheshell renderingtechnique.It consists
of using a slightly modified shell strucutreto store pre-
calculatedrotatedvaluesfor eachvoxel in theshellandthen
usesthesevaluesto generatethe re-slicedimages.Thevi-
sualquality of theseimagesis comparableto theoriginals,
andthe speedof the algorithmenablesa real-timevisual-
izationof theslices,thatcanberenderedin anapproximate
avegareof 0.15seach.Wehavealsopresentedtwo different
approachesin dealingwith blackholesleft in theimageby
thevoxel projectiontechnique.Thefirst consistsof execut-
ing abetterroundingon theprojectioncoordinates,andthe
second,which is faster, consistsof applyingfour iterations
of a linearfilter on thefinal renderedimage.
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