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[THREE-DIMENSIONAL I(3D) IRECONSTRUCTION IOF ICOMPUTED

ITOMOGRAPHY I(CT) IABDONMINAL IIMAGES IUSING IVISUALIZATION

ITOOL IKIT I(VTK)] 

ABSTRACT 

A icomputerized itomography i(CT) ior icomputerized iaxial itomography i(CAT) iscan

icombines idata ifrom iseveral iX-rays ito iproduce ia idetailed iimage iof istructures iinside ithe

ibody. iCT iscans iproduce i2D iof ia i“slice” ior isection iof ithe iabdomen ibut ithe idata ican ialso ibe

iused ito iconstruct i3-dimensional iimages. iHowever, iCT iscan iunable ito iaccurately

irepresent ithe iinternal istructure iof isoft itissues iand isoft-tissue ilesions. iTherefore, iusing ithe

iprogram iin Visualization Tool Kit (VTK) iis ineeded ito iconstruct ia imuch imore iclearer i3D 

iimage. i 

To ireconstruct i3D iimages ifrom i2D iimages iof ia i“slice” ior isection iof iabdomen iwhich

iwill ibe iresulting iin imore iaccurate iCT iscanned iimages ithat iwill ihelp imedical iofficer

idiagnose iand iplan itheir itreatment imore ieffectively iand iaccurately. iA i3D iimage iwill ibe

iless idependent ion ihuman icognitive iability ias iwell ias ilesser itime irequired ifor ihuman

iinterpretation, iresulting iin imuch ieasier iand imore iaccurate iclinical iworks. 

Therefore, iin ithis iresearch, i4 idifferent imethods iof irendering iare employed and 

compared ito idetermine iwhich imethod ishows ithe iclearest i3D ireconstruction iimages. The 

rendering methods that are utilized in this research are  isurface irendering, isurface irending 

iwith imultiplanar irendering, ivolume irendering iand ivolume irendering iwith iadditional

ifeatures. iFrom the analysis, iit ishows ithat ivolume irendering iwith iadditional ifeatures ihas

iadvantage iin ireconstructing ithe imeticulous itissues iand ibones iof iabdomen iand ihelps iin

iproviding ia idetailed idata iby icoordinate, imeasurement iand icrop ifeature iin iorder ito

idetermine ithe iexact icoordinate ifor ilesions ilocated iin iabdomen, ilength imeasurement iof ithe 
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ilesions iand icrop ithe iouter isurface iof iabdomen ito isee ithe iinner isurface iof iabdomen, 

irespectively. i 

However, irendering has it own limitation which iit iproduce iartifacts. iTherefore, ihigh 

iresolution i2D iCT iimages iand ihigh iRAM icomputer iare ineeded ito itest the algorithmi to 

isolve ithis iproblem. iVTK iand iC++ iis ian iimportant itool iin idevelopment imedical i3D 

ivisualization isoftware isystem. iIn ithe ifuture, ithis itechnology imay ibe ithe imajor itool ifor 

ievery ihospital ito iease ithe iradiologists iand imedical idoctor iin idiagnosing iillness iand imake 

iplans ifor ithe itreatment iquickly iwith ia ilow ibudget. 

Keywords: iCT iimages, i3D iimage ireconstruction, iVTK, iC++, iAbdomen 
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[PEMBINAAN ISEMULA ITIGA IDIMENSI I(3D) IKOMPUTASI ITOMOGRAFI 

I(CT) IIMEJ IABDOMEN IMENGGUNAKAN IALAT IVISUALISASI I(VTK)] 

 

ABSTRAK 

Imbasan iberkomputer itomografi i(CT) iatau iberkomputer ipaksi itomografi i(CAT) 

imenggabungkan idata idari ibeberapa iX-ray iuntuk imenghasilkan iimej iterperinci istruktur idi 

idalam ibadan.Imbasan iCT imeng ihasilkan i2D i"kepingan" iatau iSeksyen iabdomen itetapi 

idata ijuga iboleh idigunakan iuntuk imembina iimej i3-dimensi.Walau ibagaimanapun, iCT 

iscan itidak idapat idengan itepat imewakili istruktur idalaman itisu ilembut idan iluka-tisu 

ilembut.Oleh iitu, imenggunakan iprogram idalam iVisualization Tool Kit (VTK) idiperlukan 

iuntuk imembina iimej i3D iyang ilebih ijelas. 

Untuk imembina isemula iimej i3D idari iimej i2D i"kepingan" iatau ibahagian iabdomen 

iyang iakan imenyebabkan ilebih itepat iCT iimej iyang idiimbas iyang iakan imembantu ipegawai 

iperubatan imendiagnosis idan imerancang irawatan imereka idengan ilebih iberkesan idan 

itepat.Imej i3D iakan ikurang ibergantung ikepada ikeupayaan ikognitif imanusia iserta 

imengurangkan imasa iyang idiperlukan iuntuk itafsiran imanusia, imenghasilkan ikerja 

iklinikal iyang ilebih imudah idan ilebih itepat. 

Oleh iitu, idalam ikajian iini, i4 ikaedah iyang iberbeza ipersembahan iakan idigunakan iuntuk 

mengkaji dan dibbezakan bagi imenentukan ikaedah iyang imenunjukkan iimej ipembinaan 

isemula i3D iyang ipaling ibersih. iAntara kaedah yang digunakan adalah ipersembahan 

ipermukaan, ipermukaan iberakhir idengan ipersembahan imultiplanar, ipersembahan 

ikelantangan idan ipersembahan ikelantangan idengan iciri itambahan. Melalui ianalisis iini, iia 

imenunjukkan ibahawa ipersembahan ikelantangan idengan iciri itambahan imempunyai 

ikelebihan idalam imembina isemula itisu iyang iteliti idan itulang iperut idan imembantu idalam 
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imenyediakan idata iyang iterperinci idengan ialat ikoordinat, ialat ipengukuran idan ipotongan 

igambar iuntuk imenentukan ikoordinat itempat iluka iyang iterletak idi idalam iabdomen, 

ipengukuran ipanjang iluka idan imembuang ipermukaan iluar iabdomen iuntuk imelihat 

ipermukaan idalam iabdomen i. 

Walau ibagaimanapun, iia imempunyai ibatasan idalam imempersembahkan iia 

imenghasilkan iartifak.Oleh iitu, iresolusi itinggi igambar i2D iCT idan ikomputer iRAM iyang 

itinggi idiperlukan iuntuk imenjalankan ikaedah iini iuntuk imenyelesaikan imasalah iini.VTK 

idan iC++ i iadalah ialat iyang ipenting idalam ipembangunan isistem iperisian ivisualisasi i3D 

iperubatan.Pada imasa iakan idatang, iteknologi iini iboleh imenjadi ialat iyang iutama ibagi 

isetiap ihospital iuntuk imemudahkan ipara iahli iRadiologi idan idoktor iperubatan idalam 

idiagnosis ipenyakit idan imembuat irancangan iuntuk irawatan idengan icepat idengan ibajet 

iyang irendah. 

 

Kata ikunci: iimej iCT, ipembinaan isemula iimej i3D, iVTK, iC++, iabdomen
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CHAPTER 1: INTRODUCTION I 

1.1 Background 

Abdomen iconsist iof imultiple iorgans isuch ias iliver, iintestines iand istomach iwhich iare 

ivital iduring ifood iconsumption. iAs ithey iare ioften iencounters iforeign iobject, iconsume iby 

ithe ihost, ithese iorgans itend ito ibe ieasily iinfected iand idefunctions iespecially iliver.  

iOperations ion ithese iparticular iorgans iare ialso iexpensive iand imultiple ioperations imay 

icost ithe ipatient ilive ithus, ispecialists ineed ito ibe ithorough iwhile iplanning ithe isurgery. i i 

Organ iimaging ihas iproven itimelessly ias ia imuch iclearer idepiction ifor idoctors ito iplan 

isurgery ibeforehand. iMultiple iproducts ihave ibeen icreated iand ideveloped iin iorder ito 

ipursue iimaging imethods ithat iare iable ito iprovide ithe ibest iimagery iof ipatient’s iinternal. 

iCapabilities ito ido iso inot ionly iensure iless ifollow iup ioperations ineed ito ibe ihandled, ibut 

ialso ihelp idoctor ipre-operation iand ifurther icheck-up ipost-operation. iOne iof ithe imostly 

iused itechnique iis iCT iimaging i(Mikla i& iMikla, i2014). i3D ivolume iand isurface imodels iof 

ithe itissue ireconstructed iusing i2D iimage islices iis ione iof ithe iadvancement iof imedical 

iimaging itechnology ithat igives imany iadvantages ito imedical idoctors. iFor ia ilong itime, i3D 

imodels ihave ibeing iused iin imedical iapplications iin imany icountries, iwhich iare iused ijust iat 

isome ihigh iquality ihospitals iand imedical icenters. iThese iequipment iare iusually iexpensive 

iand irequire iprofessionals ito ioperate. iIt ihas ibeen ian iessential itool ito iassist idoctor’s 

idiagnosis iby iinformation itechnology, iwhich irequires iadvanced icomputers iwith idedicated 

isoftware. i i 

This research proposes ia i3D iimage ireconstruction iof imultiple i2D iCT iimages iof 

iabdomen iby iusing isoftware iof iVisual iC++ i6.0 iwith iVisualization iToolkit i(VTK) iin iorder 

ito iproduce ia imore iaccurate iCT iscanned iimages.  iCT iscanner ias ithe ihardware iwill iprovide 

ithe iimages ineeded iand isoftware icreated iwill iprocess ithe igiven iimage ito iproduce ia iclearer 

iand imore iaccurate iimage. iUsing ithis isoftware, ia i3D iimage iwill ibe constructed ifrom islices iof i2D  

iimages icaptured ithrough ia iCT iscanner. iThe isoftware iwill ibe icreated iusing iMicrosoft 
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iVisual iTool iKit i(VTK) iwith iC++ ilanguage. iC++ ilanguage iwill iallow iother idevelopers ito 

iobtain ithe icoding iand ialter iit ito ifit itheir ineeds ias iit iis ia iwidely iused icoding ilanguage. iWe 

ibelieve ithat iusing ia imore igeneral iapproach ican ihelp ihospitals iand iclinics iwith ilimited 

ibudget ito iassist ipatients iwith ibetter iinformation, ihelp ispecialist iplan ioperations iand itreat 

ipatients imore ieffectively. i i 

 

1.2 Problem istatement 

A icomputerized itomography i(CT) ior icomputerized iaxial itomography i(CAT) iscan 

icombines idata ifrom iseveral iX-rays ito iproduce ia idetailed iimage iof istructures iinside ithe 

ibody. iCT iscans iproduce i2D iof ia i“slice” ior isection iof ithe iabdomen ibut ithe idata ican ialso ibe  

iused ito iconstruct i3-dimensional iimages. iHowever, iCT iscan iunable ito iaccurately 

irepresent ithe iinternal istructure iof isoft itissues iand isoft-tissue ilesions. iTherefore, iusing ithe 

iprogram iin iVTK iis ineeded ito iconstruct ia imuch imore iclearer i3D iimages. 

 

1.3 Aim & Objectives 

The aim of this study is to develop a program that can visualizes the 2D CT abdominal 

images into a clear 3D reconstructed 2D CT images in order to have a better pathology 

view which can help medical officer diagnose and plan their treatment more effectively 

and accurately with less time of illness interpretation required. 

Objectives: 

1. iTo ireconstruct i3D iimages ifrom i2D iimages iof ia i“slice” ior isection iof iabdomen iwhich 

iwill ibe iresulting iin imore iaccurate iCT iscanned iimages. i 

2. iTo icreate ia icode ifor i3D ireconstruction iof iCT iimages iby iusing iVisualization iTool iKit 

i(VTK) iand iC++ isoftware. 

3. iTo idetermine iwhich irendering iis imore isuitable ifor i3D ireconstruction iof iCT iimages iin 

iorder ito iproduce ia imore iclear iCT iimages. 
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CHAPTER 2: LITERATURE IREVIEW 

2.1 Fundamental itheory iof ithree-dimensional i(3D) ireconstruction 

2.1.1 3D ireconstruction 

CT iscanner igenerates i2D iimages ithat iare iseparated iwith iequal ilength igaps 

iaccording ito ireconstruction iincrement. iA ivolume iof idata iis iextracted ifrom iseveral i2D 

iimages iwhile ithese igaps iare ifilled iby iinterpolation. iPicture ielements i(pixels) iform ia i2D 

ipicture iand ia ivolume iis iproduced ifrom ivolume ielements i(voxels). i(Figure i1) iwhich ican 

ibe ireferred ito ias ipoints. 

2.1.1.1 Interpolation 

Unknown ivalues ican ibe iestimated iby iinterpolating ithe iknown ipoints iaround iit 

i(Lichtenbelt iB, i1998). iTherefore, ithis iprocess iis iimportant iin ireconstructing ithe iimage iof 

ispiral iCT iand ithree-dimensional iimages i(Polacin iA, i1992). iIt ihas ibeen iassumed ithat 

ievery ilocation ihas iits iown ivalue. iThe ithree imost icommonly iused iinterpolation iprocess iare 

idescribed ias ibelow: 

1) Nearest iNeighbor iInterpolation 

Interpolated ivalue i(IV) iis icalculated ibased ion ithe ivalue iof inearest ipoint. iFor ieach 

ipoint, iit ican ionly ibe iinterpolated ionce. i 

2) Linear iInterpolation i 

IV iis iobtained ifrom ithe ilinear irelationship ibetween itwo iknown iadjacent ipoints. 

iHowever, iit iis iunable ito icalculate ifor iradial-related ipoints ias icross-shaped iartefacts ican 

ioccur. i 

3) Cubic iConvolution iInterpolation i 
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Calculate iIV ivalue ibased ion ifour ior imore ipoints. iIt iis ia iradial ioperation iand iis 

icomputationally iexpensive. iThis imethod irequires ia ismall ienough idistance ibetween ipoints 

ito ivalidate ithe ipresence iof iIV ibetween ithe ipoints. 

 

Figure i1 iThe irepresentation iof ithe iimages iin ia ivirtual i3D ispace iin itheir 

irespective iposition iproduces ia icube iof idata. iImages iare ibidimensional iand ispaced. 

iThe igaps iof imissing idata ican ibe ifilled ithrough iinterpolation iof ithe ivalues iof ithe 

iimages. iIn ithis iway, ia isolid icube iof idata iis iobtained. iThis i3D icube iof idata iis imade iof 

ielementary iunits, iwhich iare ireferred ias ito ivolume ielements i(voxels) 

 

2.1.1.2 Representing ia ivolume ion ia iflat iscreen 

The iprojection iof ithe ivoxels ithat iform ithe ivolume ion ithis isurface icould irepresent 

ia ivolume iin i2D ipicture. iRay icasting ineed ito iperform ithe ivoxels ithat iform ithe ivolume imay 

inot icorrespond ito ithe iscreen’s ipixels iwhen ithe ivolume iwas iprojected ion ia iflat iscreen iin 

iorder ifor ithe i iprojection irays iare ibuilt ifrom ithe iscreen’s ipixels ito ithe ivolume i(Figure i2) 

i(Lichtenbelt iB, i1998). iHowever, ithese irays imay inot icorrespond ito ithe ivolume’s ivoxels. 

iTherefore, ithrough iinterpolation, ithe iIV ipoints imay ibe iable ito iform ithe irays.
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Figure i2 iRay icasting. iIn iray icasting, ivirtual ilines iare iprojected ifrom ithe iflat 

ipanel ito ithe ivolume. iThe ivalue iof ithe ipixel iof ithe iflat ipanel iis iobtained ifrom ithe 

ivalues iof ithe ipoints iforming ithe ivirtual ilines. iA iray imay inot iintersect ithe ipoints 

ithat irepresent ivolume’s ivoxels. iThe ivalues iof ithe imissing ipoints ithat iform ithe 

ivirtual ilines iare iobtained iby iinterpolation ifrom ithe iknown isamples iof ithe ivolume. 

iRed isquares: iinterpolated ipoints; iyellow isquare: ipixel; igreen icircles: ipoints iof ithe 

ivolume i(voxels) 

2.1.1.3 Assigning ia ivalue ito ithe iscreen ipixel 

 Sum 

The isum iof ithe ipoint ialong ithe iray ivalue ican ibe icalculated ifrom ithe ipixel ivalue iof 

ithe iray. iThe iresulting iimage iwill ibe isomewhat isimilar ito ia iconventional iroentgenogram 

i(Figure i3). 

 

Figure i3 iExample ithat ishows ihow ithe isum iof iall ivoxels iin ithe ivolume iproduces 

ithe iconventional iroentgenogram. iIn iantero– iposterior i(upper ipanel) iand ilateral 

i(lower ipanel) iprojections, ithe iresult iof ithe isum iof iall ithe ivoxels ialong ithe 

iobservation iline iis ia i2D iimage, iwhich iin iprinciple iis icomparable ito ia ivery ithick islab 

imultiplanar ireconstruction i(volume iMPR) 

 Maximum iintensity iprojection i(MIP) 

An iMIP iimage iin i(Figure i4) i(Lichtenbelt iB, i1998) ishows ithat iMIP iimage’s ivalue  

iof ipixel iis iequal ito ithe ihighest ivalue iof iinterpolated ivoxel ialong ithe iray. iIn ithe imeantime, 

iMinimum iIntensity iProjection i(MinIP), iresulting iimage iof ithe ilowest ivalue iof ipixel ialong 

ithe iray. iThe idownside iof ithis iprocess iis inot iall ivoxels iare ipresented iin ithe iresulting iimage. 

i iTo iensure ilow ipercentage iof ierror, iaxial islices iare ifrequently iobserved ithroughout ithe 
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iprocess. iOther ithan ithat, ias istated iby iSemba iet ial. iand iSato iet ial. ithe ilack iof idepth 

imeasuring icapability icauses ihyper-attenuation, iproducing isuperimposed itwo iseparated 

ihyper-intense istructures ithroughout ithe irays(Figure i5)(Prokop, iSchaefer-Prokop, i& 

iGalanski, i1997). itherefore, idifferent iprojection iviews imust ibe iobtained iby irotating ior 

itrimming ithe ivolume. iIn iaddition, idue ito ithe iprojective inature iof ithe iMIP iimage, 

imeasurements iare inot ireliable isince ithe imeasurement iis idependent ion ithe irespective 

isettings. 

 

Figure i4 iThick islab iMIP. iMerging itogether iseveral icontiguous islices i(coronal 

ireconstruction ion ithe ileft iside) iand iprojecting ithe ihighest iattenuation, iresult iin ia 

iMIP iimage i(right iside) 

 

Figure i5 iMIP iand iVR iimages. iIn iMIP iimages, ihyperintense istructures iare 

isuperimposed iand ithe ithree-dimensional iperception iis ilost 
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 Shaded isurface idisplay i(SSD) 

This itechnique irepresents istructure’s isurface. iAs ishown iin i(Figure i6), ithe ipixel’s 

ivalue iof ithe ifinal ipicture icorresponds ito ithe ivalue iof ithe ipoint ithat iis iclosest ito ithe iscreen 

iand iabove ia iselected ithreshold. iThe iresulting iimage irespects iactual ianatomy iis 

idetermined iby ithreshold. i iHowever, ias istated iby i(Sato, iShiraga, iNakajima, iTamura, i& 

iKikinis, i1998), iSSD iimage idoes inot iprovide iany idensitometric iinformation ithus 

iproducing iconfusing iresult. iFor iexample, iif ithe ithreshold ivalue iduring istool iexamination 

iis inot icalibrated icorrectly, ivascular istructures iand ithe icontrast imaterial iused iare 

irepresented iin ithe isame icolour iresulting iin isimulating ia ipresence iof itumour ias ithe iexcrete 

iis ivisually ishown ias ia ipart iof ithe imucosa i(Rubin, iDake, i& iSemba, i1995). iTherefore, 

icoding ithat ican iprocure idepth iusing ishading iscale iis ineeded. iThe imain iidea ifor ithe icoding 

iwould ibe ithe iability ito imake ivoxel iin icertain iarea ito igroup iup itogether, iprojecting ia 

i“brighter” ilayer, icreating ia idepth iillusion. 

 

Figure i6 iExample iof ivolumetric iSurface iShaded iDisplay—SSD 

 Volume irendering iand ipercentage iclassification 

(Figure i7) ieach ipoint ialong ithe ilight iray icreate ithe ipixel ion ithe ipicture, iranging ifrom 

i0%- ito i100% iopacity icorrelating ito ithe iopacity ifunction icurve i(Udupa, i1999). iOn ia 

iselected iinterval, ithe ivoxels iwill ibe ipresented ibut, ithose ioutside ithe irange iwill ibe 
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itransparent. iThe inumber iof iopaque ivoxels iwill idetermine ithe ioverall ipixel ivalues iof ithe 

iimage iand ihigher ivoxels iequal ito ihigher iopacity iin iselected iintervals. i 

For iCT, ivisibility iof ithe istructures iin ikeeping iwith itheir iattenuation iis idefined iby ishape 

iof ithe icurve ias ishown iin i(Figure i7). iThe ipixels iare ishown ithrough igrey- ior ia icolour iscale, 

iincreasing idepth iand ithe idensitometric iinformation. iAs ioppose ito iSSD iwhich iits ivalue iof 

ipixel idepended ion ivirtual idistance iof ifinal ilayer ito ithe iscreen, iVR ihave ia ibetter iadvantage 

ias iit ican ishow iboth ispatial iand idensitometric iinformation. 

As ifor iMIP iand iSSD, ivisibility iand idimensions iof istructures iare istrongly iaffected iby 

iopacity ifunction icurve iand irendering iprocesses, imaking iVR iimage-based imeasurement 

iirreliable.

 

Figure i7 iClassification. iThe ishape iof ithe iopacity ifunction icurve idefines ithe 

ianatomical istructures ithat iis ivisualized iaccording ito ithe iattenuation ivalue. iFrom 

ileft ito iright, ithe isoft itissues iare iprogressively imade itransparent 

 

2.1.1.4 Multiplanar ireformatting i(MPR) 

As ithe iname isuggested, imultiplanar ireformatting i(MPR) iis icreated iusing imultiple 

inative ilayers ilaid ion ia idifferent iplane i(Figure i8) i i(Lichtenbelt iB, i1998). iThe imain iusage 

iof iMPR iis ito iassess ispatial idistance ibetween istructures iprojected ion ieach iplane. iPixel 

ivalues ithat iformed iin ithe ireformatted iplane iare iinterpolated ifrom ithe iclosest ivoxels,  

imaking ia i“thicker” islab iof iimage iif imore idistant ivoxels iare ipresent iin ithe iresulting iimage. 
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iAs ia iresult. iMPR iis iprone ito iless ierror iin imeasurement idue ito isingle iplane ioriented 

istructures. 

 

Figure i8 iMultiplanar ireformation. iIn imultiplanar ireformation, ithe ipoints iof ithe 

iplane icrossing ithe ivolume iare iobtained iby iinterpolation ifrom ithe iknown ipoints iof 

ithe ivolume. iRed isquares: iinterpolated ipoints; iyellow isquare: ipixel; igreen icircles: 

ipoints iof ithe ivolume i(voxels) 

 

2.1.1.5 Enhancing ithe idepth iperception 

Through iestimation iof ithe ivariation igradient iof ithe ivalue iof ivoxels iduring ivolume 

irendering, isurfaces ican ibe iidentified. iIt iis iused ifor iapplying ishades iand iillumination 

iaccording ito ieach ioperation i(Lichtenbelt iB, i1998; iUdupa, i1999). i iFor ishading ioperation, 

iby imodifying ithe ilight iintensity iof i“color” ion ithe isurface ipseudo-shading ican ibe icreated 

ihighlighting idarker iparts iof ithe istructures. iThe ieffect iof iillumination ifrom ia ivirtual isource 

iof ilight ican ibe iadjusted iaccordingly ito ithe ilight’s iangle iof iincidence iusing iillumination 

ioperations. iA idetailed icoding ifor iillumination ioperation ican ienable ithe iability ito 

idistinguish ibetween ia ismooth isurface iand irough isurface iby icreating ia idifferent ireflection 

ifor iboth ismooth iand irough isurfaces i(Figure i9). 
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Figure i9 iShading iand iillumination. iShading imodify ithe icolour iof ithe iphantom 

iaccording ito ithe ivirtual idistance ifrom ithe iobserver, ito ithe itexture iand ithe ifeatures 

iof ithe isurface. iIllumination imodify ithe icolour iof ithe iphantom iaccording ito ithe 

idirection iand ithe ifeatures iof ithe ivirtual isource iof ilight. iShadows iare igenerated 

iaccordingly. iThe irespective ieffect iof idifferent ishading ilevels i(upper ipanel) iand 

iillumination iorientations i(lower ipanel) iare idisplayed 

2.1.1.6 Segmentation 

Segmentation iis iused ifor ilabelling ipurposes ion ivoxels ithat iform istructures iwithin ia 

ivolume. iBy idifferentiating idensity iand ihomogeneity, ithe ioverall ibasis iof imorphology, ithe 

ilocation iof ian iobject iwithin ithe ivolume iand iits iinherent istructures ican ibe iidentified 

i(Höhne i& iHanson, i1992). iWithout iuseful iidentification, isegmentation icannot ibe 

iperformed iaccurately, iespecially iwhen istructures ior iobjects iwith isimilar idensity isurround 

ior iconnected ito ithe itarget iobject.The iadvantages iin isegmenting iis ithe icapability ito 

iaccurately iassess ivolume, isurface iand ihistogram ianalysis ion isegmented iobject i(Figure 

i10) i(Frericks iet ial., i2004). iMoreover, isegmentation iis iimportant iin iscreening iprograms 

ithat iare iused ifor iautomated ilesion idetection iand ito iunwrap ihollow iviscera i(Summers iet 

ial., i2000). 
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Figure i10 iSegmentation. iThe iuse iof isegmentation itools iallows imeasurement iof 

ithe iexact ivolume iof iorgans iand icalculation iof ithe imean iattenuation isuch ias, iin ithis 

icase, iwith ia iright ikidney 

 

2.2 Clincial iApplications iin i3D iReconstruction iof iAbdomen iCT iImages 

The imain idisadvantage iof itransverse iCT ibased iclassical iradiologic iwas iits iinability ito 

idepict imost iconditions i(Cody). i3D iimages iare ihelpful iin imost icases ias ithey ican ireflect 

isaid iconditions iin iresulting iimages. 

2.2.1 Liver 

2.2.1.1 Liver iTransplantation 

The ionly imethod ito iavoid ideath idue ito iliver ifailure iis iliver itransplantation iand iit iis 

iconsidered ias ithe iprimary itreatment ifor iliver-related iincidents. iProducing ia imore iaccurate 

iimagery ion ipre iand ipost-operative icondition iof isaid iorgan, iparticularly iin ihepatic iartery, 

iportal iand ihepatic iveins iregion iis iessential ito iensure isafe ihepatic itransplantation. iUsing 

i3D ireconstruction imethods, iimages ican ibe iproduced imore iclearly iand iaccurately 

idepicting ithe icurrent istate iof ithe ihepatic iregion ishown iin i(Figure i11) i(Kamel iIR, i2001). 

To ievaluate iliving irelated itransplant idonors, ithere iare iseveral iconditions iare ineeded: 
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1) iThe iliver iparenchyma iis iwhere iassessment ifor ifocal iliver ilesions, iand ifatty 

iinfiltration itake iplace ito iensure ino iimmunities ithat ican icontraindicate itransplantation iand 

icause inegative ireaction iin ithe ireceiver’s ibody. 

2) iDuring isurgical iplanning, ihepatic iand iarterial ivenous ianatomy ineeds ito ibe imarked 

iand imapped icorrectly ito ieasily iidentify iimportant ivascular. iThis ican iavoid ifurther 

iunnecessary isurgery(Kamel iIR, i2001). i 

3D ireconstruction iis iimportant ito iprovide iinformation ion iany ianomaly ion ia ivascular 

iregion, iensuring ia inormal ivascular isupply. iThis iin ireturn ireduces ithe irisk ifor irejection iby 

ithe ireceiver’s ibody iand iensures ismooth itransplantation ioperation. i3D iCT igraphics ican 

ihelp iprofessionals ito ieasily iidentify imajor ivariations iof ithe ihepatic ivein iconfluences, 

ihepatic iarterial ivariants iand iportal ivein itrifurcations. i3D ireconstruction ican ieffectively 

idifferentiate iportal iand ihepatic ivenous ianatomy iclearly iand ieasily iidentify ithe ihepatic  

iartery iand iits ibranches iespecially iwhen icompared ito ia iconventional iangiography. iAs ia 

iresult, ithe ioverall icost iof idiagnosis iwill ibe ilower iand ipatients iare iprone ito iless irisk. iThe 

idownside iof ithis imethod iis iits iinability ito idepict ianomalous ibiliary ianatomy iwhich ican 

icause iseveral irepercussions isuch ias igraft ifailure iand ipost-surgery ibile ito ileak. iThe 

imethod ithat iis icurrently ibeing iused ito idifferentiate ibinary ianatomy iis iintraoperative 

icholangiography. i(Kamel iIR, i2001). 
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Figure i11 iLiver idonor ievaluation iin ia i50-year-old iman iwith iCT iangiography. 

iMaximum iintensity iprojection iimage i(A) idemonstrates ihepatic iarterial ianatomy 

iwith ileft ihepatic i(LH) iartery ioriginating ifrom iceliac itrunk i(arrow) iand iright 

ihepatic i(RH) iartery iarising ifrom iceliac itrunk i(arrow) iand iright ihepatic i(RH) 

iartery iarising ifrom isuperior imesenteric i(SM) iartery. i3D isurface irendering iin ithe 

isame ipatient idepicts ientire ihepatic ilobe ivolume 

 

2.2.1.2 Hepatic iResection 

By iestimating iliver ivolume iand ivirtual ihepatectomy iwith i3D iimages ipre-surgery, ithe 

iplanning iof ihepatic iresection iwill ibe imore ifruitful i(Maher iet ial., i2004). iAdvantages iwhen 

iusing i3D iimagery itechniques ito iestimate iliver ivolume, i iespecially iwhen icombined iwith 

iclinical iand ilaboratory ievaluation, iincludes ithe icapability ito ipredict ipost-surgery iliver 

ifailure, ienhance ivolume iof iembolization iprocedures iand ihelp iduring isurgery iplanning ifor 

ibilobatic ipatients. iAs ia iresult, ithe ineeds ifor iconventional iangiography idecreases,  

ireducing ioverall icost iand irisk ito ipatients. 

 

2.2.2 Urinary iTract i 

Urologists ibelieve ithat ithe iapplication iof i3D ireconstruction iin iCT iurography iallows 

idoctors ito iview iimages iof ithe iurinary itract iin ithe icoronal iplane, isimilar ito iexcretory 
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iurography iimages i(Caoili iet ial., i2002). i iThrough ievaluation ion iexcretory iurography 

iimages, iradiologists iare imore icapable ito icharacterize icertain ipathologies iincluding ithose 

ilocales ito irenal icalyces iand ipapillae i(Figure i12). i3D ireconstruction iis iuseful ifor 

idiagnosing ipatients iwith ianatomic ivariation iof ithe iurinary itract, ilocating ipresent iureteric 

iobstruction iand idetecting icontour iabnormality ion irenal ioutline i(Figure i13) i(Figure i13) 

i(Schreyer, iUggowitzer, i& iRuppert-Kohlmayr, i2002). i iIn iorder ito iachieve imaximum 

iefficiency, i3D ireconstruction iimages ineed ito ibe iviewed iaccompanied iby itransverse 

iimages. iSome iabnormalities ion ithe iurethral iand ibladder iwall imay inot ibe ivisible iin i3D 

iimagery ialone. 

 

 

Figure i12 iCoronal ireformats iaid iwith icharacterization iof icaliceal iabnormalities. 

iAxial iCT iimage i(A) iof ia i31-year-old iwoman ishows icalcification iin ithe irenal ipapillae 

i(arrows). iCoronal imultiplanar ireconstruction i(B) ishows itypical iradiographic 

ifeatures iof imedullary inephrocalcinosis i(arrows) 
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Figure i13 i3D iCT ican icombine iadvantages iof iintravenous iurography iand ivoiding 

icystourethrogram iand iretrograde iurethrogrogram. iAxial iCT iimage i(A) iin i47-year-

old iman iwith irecurrent iurinary itract iinfection ishows ia idilated, iectopic ileft iureter 

i(arrow) iwithin ithe iprostate. iSagittal imultiplanar ireconstruction i(B) ishows ia 

idilated, iectopic iureter i(arrow) iopening iinto ithe iposterior iurethra. i3D isurface 

irendering i(C) idemonstrates ianatomic irelationship iof ithe iectopic iureter ito ithe 

iregional ianatomy 

 

2.2.3 Gastrointestinal iTract 

3D iCT ireconstruction iimages ican ihelp ito iidentify iprecise ilocation iof istomach, ismall 

ibowel iand icolonic ilesions i(Figure i14). i 

 

Figure i14 i3D iCT iof imalignant icolonic istricture iin ia i73-year-old iman. iAxial iCT 

i(A) iand icoronal imultiplanar ireconstruction i(B) iimages ishow icircumferential ishort 

isegment ithickening iof ithe isigmoid icolon i(arrow) isuggestive iof icolon icancer. i3D iCT 

icolonography i(C) ias ia i“double icontrast ibarium ienema” isimulating iimage, ireveals 

ishort isegment i“apple-core” ilesion i(arrow) iin ithe isigmoid icolon 

 

Univ
ers

ity
 of

 M
ala

ya



30 

2.2.3.1 Colonic iStricture 

By ireconstructing ithe iarea iof inarrowing iwith i3D iCT iimagery, iit iis ipossible ito 

iaccurately idetermine ithe ilocation iand icondition iof ia icolonic istricture. iBy iviewing ithe 

istructure iin imultiple iplanes, idetails ion ithe imalignant istricture ican ibe ithoroughly 

iconfirmed iand icharacterized iinto isingle iand idouble icontrast ibarium ienema. iOther 

ibenefits iinclude ilocating iany iinjury ion ithe imucosal iarea, i‘determined ilength iof ithe 

istricture iand iconfirming ithe ipresence iof iintussusception i(Figure i15). i 

 

Figure i15 iAxial iimage i(A) ishows ia ifat icontaining iintraluminal imass i(arrows) iin ia 

iloop iof iileum iin ia i49-year-old iwoman iwith iintussuscepted iMeckel’s idiverticulum. 

iCoronal imultiplanar ireconstruction iimage i(B) ishows ia itubular ifat icontaining 

ifilling idefect i(arrows) iin ia iloop iof iileum iin ia i49-year-old iwoman iwith 

iintussuscepted iMeckel’s idiverticulum. iCoronal imultiplanar ireconstruction iimage 

i(B) ishows ia itubular ifat icontaining ifilling idefect i(arrows) iin ithe iileal ilumen ithat iwas 

icontiguous iwith ithe imesenteric ifat 

 

2.2.3.2 Bowel iIschemia 

3D irendering itechnologies iand idual iphase iacquisition iCT iscan iwhen icombined icreates 

ia isuperior imesenteric iartery i(SMA) iand isuperior imesenteric ivein i(SMV) iangiogram ithat 

ican idetect iany istenosis ior ithrombosis iin ithe ibowel iarea i i(Horton i& iFishman, i2002). i i iBy 

ifurther ienhancing ibowel iarea, iit iis ipossible ito iaccurately idetermine iany iacute ior ichronic 

ibowel iischemia. 
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2.3 3D iRendering iTechnique iin iMedical iImaging 

MPR, isurface irendering i(SR) iand ivolume irendering i(VR) iare ithe ithree ibroad iclasses iof 

i3D iimagery itechniques. 

2.3.1 Multiplanar iRendering 

Multi iplanar ireformatting i(MPR) iis ia itwo-dimensional ireconstruction iimagery 

itechnique ithat iforms iCT iimages ion imultiple iplanes iand iusing ivolumetric idata ican  

ivisualize iresampled igrey ivalues iat iarbitrary icross isection. i(Kumar i& iVijai, i2012).This 

itechniques ienable ito iview ian ientire istructure ifrom imultiple iangles ifor iinstance, ian iaxial 

islice iis icut iinto ia isagittal ior icoronal iplane, ienabling iside iview iand itop iview ias iopposed ito 

ionly ilinear iview iof ithe istructure. iRelationship ibetween iorgans ican ibe ieasily iviewed, 

ieasing ithe iplanning iprocess ipre-surgery. iMPR itechnique iallows ifor ispecialists ito iview 

ifrom idifferent iangles iand iis inot ilimited ito iviewing ifrom ithe idirection ithe iorgan iwas 

iscanned. iUsing iMPR itechnique, i3D iimages ican ibe ireconstructed ifaster iallowing ieasier 

idiagnosis iand ipre-surgery iplanning iduring iemergency. iThe imain idrawback iof ithis 

imethod iis ithe ivisualized idata ilacks idepth ias iit iis ionly ia i2D iimage ireconstructed iinto ia i3D 

iimage. 

 

Figure i16 iMultiplanar iRendering 
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2.3.2 Surface iRendering 

Surface irendering iis ia i3D iimagery itechnique ithat ivisualizes istructure ibased ion ia 

idata iset iof ibasic ielements iwhich irepresent ieither ithe iwhole istructure ior iboundary ithat 

ishape ithe istructure. iAn iiso-surface iis ia isurface ithat iis imade iof ipoint iat ia iconstant ivalue 

iand iis ia i3D ianalog iof iiso-contour. iUsing idata ivolume, itwo imost ipopular imethods ito 

icreate iiso-surface iare icontour ibased isurface ireconstruction iand iiso-surface iextraction 

ialgorithm. 

2.3.2.1 Contour ibased isurface ireconstruction 

CSBR iis ian iiso-surface iconstruction imethod ithat icreates iiso-surface ifrom 

iextracted iiso-contours iover ia iset iof icross-sectional icontours i(Fuchs iH. i, i1977). iIn icase iof 

iproducing i3D istructure, ia isimple imanual imethod iis iemployed iwhere iimages iare iresized ito 

ifit itable-top iobservation iand iare istacked iin isequence iof iCT iscan iimages iand iequally isized 

itransparent ispacers. iThis icombination ithen iformed ian iin-line isemi-transparent istack iwith 

iapproximate isize ito ireal-world icounterpart iwith imultiple iangle iviewing. 

 

 

Figure i17 i(left) iOptimal itiled isurface idefined iover ithe icontours; i(right) i3D 

ireconstruction iof iface 
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2.3.2.2 Isosurface iExtraction ibased ion iMarching iCube 

Marching iCube iis ione iof ithe ialgorithms iused iin iiso-surface iextraction. iThe ithree 

imain isteps icontained iin ithis ialgorithm iis ilocating ithe isurface ibased ion iuser ispecified 

ivalues, icreating itriangles iand ioptimizing ithe iimage iquality iby ireplotting ievery ivertex iof 

itriangle itiles iinto inormal ito ithe isurface i(Lorensen i& iCline, i1987) i 

For ilocating ithe isurface ipoints, ia imedian iis icreated iwhere iassigned ivertice’s 

ipoints ineed ito ibe iabove ior iequal ito ithe imedian ivalue iand ican ibe iconsidered ias iinside 

ivertices. iPoints iwith ilower ithan imedian ivalue iare iconsidered ias ioutside ivertices. iThe inext 

istep iis iusing isurfaces ifrom i3D imedical idata, itriangle imodels iare icreated iwith iconstant 

idensity. iThe iwhole iprocess iof i3D iimage ireconstruction ican ibe ibroken idown iinto imultiple 

icategories ibased ion itheir ifunction. iSegmentation imodules iprovide irelevant iinformation 

iof ieach iparticipating islice. iObtained ioutput iis ithen iused iin ithe ialgorithm ito iproduce iiso-

surfaces. iFinally, ito ienhance isearching iof iimages,  ionly ivoxels iinside ivertices(iso-surface) 

i iare imade iavailable ifor isearching. i iHowever, ibasic iiso- isurface imethod iusing iMC  

ialgorithm ihas imany idrawbacks iincluding iproducing ia ilarge iamount iof itriangle imeshes, 

ihigh inumber iof iiso-surface ipatches iand iwrong isurface ilocation ito iname ia ifew. i 

A iworkaround iwas isuggested iback iin i2008 ito iovercome ilarge iproduction iof 

itriangle imeshes iby iutilizing ifilter imodule, isegmentation imodule iand imesh ioptimization 

imodules(Jun, iMiao, i& iNingyu, i2008). iTo idecrease ithe isurface's ilocation isearching itime 

ibased ion iinput idata, ifilter iand isegmentation imodule iis iused. iThese imodules ichanged ithe 

isingle iloop itraversing imethod iinto ismall iquantities itraversing imethod iallowing ifaster 

icalculation iand isearching itime. iMesh ioptimization imodules imerged itriangle imeshes ito 

iease ithe irendering iprocess. 
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2.3.3 Volume iRendering 

Volume irendering iapplied ithe imethod iof ibackward imapping, iwhere ieach ipixel ion 

ithe iview iplane ifires ia iray iintersecting iwith iany ivoxels ion iits iway, icollecting itheir 

iinformation iand ilocation iin ithe iprocess. iThis itechnique iis imore iadvanced icompared ito ithe 

iMC ialgorithm iin ithe isense ithat ithey iare iable ito itake iinto iaccount itransparent iobjects iand 

iproject ithe istructure ias isuch. iUsing iray icasting i(backward imapping), iVR iis iable ito iproject 

istructure iin iits inatural iform iand itake iinto iaccount ithe istate iof ithe istructure irather ithan 

iproject ieach istructure ias isolid. i 

Another ireason ithat idiffers ivolume irendering ito isurface irendering iis ithe iway iit 

iinterprets idata ivalue. iAs iopposed ito isurface irendering iwhich icreates ioutlines ibased ion ithe 

idata isets iof ibasic ielements, ivolume irendering itakes iinto iaccount ithe iopacity iof ieach 

ivoxel. iThe imethod iimplies ithat iall ivoxels iin ithe iregion iare isemi itransparent iand iproceed 

ito igive iopacity ivalues ito ieach ivoxel. iThe itransfer ifunction icontaining idata ion ithe ibase 

iimage iis iused ito iinput iopacity ivalue ionto ieach ivoxel iand idetermine itransparency ion ithe 

iresulting iimage. iThe imodeling ibasically iproposes iboth ithe iinterior iof ia imaterial iand ithe 

iboundary ibetween imaterials ito ibe icolored(Drebin, iCarpenter, i& iHanrahan, i1988). iIn ithe 

isimplest iform, iray icasting ican ibe idescribed ias ithe iintensity iof ilight ithat iis iprojected iinto 

iour ieye iand ihow ithe ibrain itranslates ithe iobject iinto iopaque, itransparent iand itranslucent 

iimages. 
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Figure i18 iA iCT idataset ivisualized iby ivolume irendering 

The iseveral iuseful ifeatures ithat ican ibe iobtained iwhile iusing ivolume irendering 

iinclude ithe iability ito ivisualize istructure ifrom iany idirection iby iadjusting ithe iincoming iray, 

ibeing iable ito iadjust iopacity ivalue ito iview istructure iin iits inatural iform iof itransparency iand 

ifinally ienhance iinterpretation iof i3D imodels iby iapplying icolor iand ishades. 

2.4 Visualization iTool iKit i(VTK) iin iThree-dimensional i(3D) iImage 

iReconstruction 

VTK iis ideveloped iby ithe iUnited iStates iKitware iis ian iopen isource, iobject ioriented 

isoftware isystem ifor icomputer igraphics, ivisualization, iand iimage iprocessing, iand 

ivisualization iwith iprovided ifeatures ithat iwas isummarized iin i(Table i1) iused iby ithousands 

iof iresearchers iand idevelopers iaround ithe iworld. iIt isupports ia iwide ivariety iof ivisualization 

ialgorithms iand iadvanced imodeling itechniques, iand iit itakes iadvantage iof iboth ithreaded 

iand idistributed imemory iparallel iprocessing ifor ispeed iand iscalability, irespectively. iVTK 

iconsists iof ia iC++ iclass ilibrary, iand iseveral iinterpreted iinterface ilayers iincluding iTcl/Tk, 

iJava, iand iPython. iIn iaddition, idozens iof iimaging ialgorithms ihave ibeen idirectly iintegrated 

ito iallow ithe iuser ito imix i2D iimaging ior i3D igraphics ialgorithms iand idata. iThe idesign iand 

iimplementation iof ithe ilibrary ihas ibeen istrongly iinfluenced iby iobject-oriented iprinciples 
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i(Hanák iI., i2003). iIt iusually ihas iimportant ilimitations isuch ias ilow iefficient icode  

iexecution, ipoor icomputing icapacity i(Tamura iY., i2016). 

In ifact, iVTK iis ian iopen isource iclass ilibrary irather ithan ia isingle isystem, iit iencapsulates 

inumerous iand ifrequently-used igraphical ioperation iand iimage iprocessing ialgorithms iin 

idifferent iclasses, ithese iclasses iare ieasy ito ibe iunderstood iand icalled. iThe iobject ilibraries 

ican ibe iembedded iinto iapplications; iwe ican ialso idevelop ithe ilibrary ifunctions iof iourselves 

ion ithe ibase iof iVTK’s ibasic ifunctions. iAt ithe isame itime iVTK ihas iexcellent istreaming iand 

icach, iprocessing ithree-dimensional idata iproduces ia ihigh imemory idemanding, ionce ithe 

iprogram ifails ito irequest imemory ito ithe ioperating isystem, ithe iprogram iwill imake 

imistakes, isometimes ithe ifailure ieven ileads ito iprogram icrash, ithe iefficient istreaming iand 

icach ican isolve ithe iproblem ibetter, iin iaddition, iVTK ialso isupports imultithreading 

iprocessing iand ihas ihigh iexecution iefficiency. iCompared iwith iMATLAB iand iOpenGL 

ilibrary, iVTK ihas ithe iadvantages iof iflexible iapplication, ibetter ireconstruction iquality iand 

ihigher ireconstruction ispeed; iit ican ialso iaccomplish imanipulation isuch ias iimage 

ishrinking, irotating, ishifting iand ifeature iextraction. iThe iinitial iaim iof ideveloping iVTK iis 

ithe iapplication iin ithe imedical ifield, iVTK icontains imany iadvanced imodelings iand ia iseries 

iof ivisualization ialgorithms isuch ias ithe iMC iAlgorithm, iThe iRay-Casting iAlgorithm iand 

iso ion. iSince ithe iappearance, iVTK ihas ibeen iwidely ivalued, id, iused iand iimproved 

icontinually, inow iit ihas ibecome ithe imost ifamous isoftware idevelopment ikit iin ithe iimage 

ivisualization ifield. i 

VTK iconsists iof itwo isubsystems, ione iis ithe iC++ iClass iLibrary iwritten iin iC++, ithe 

iother ione iis ithe iinterpretive ilayer iand ithe ilayer iis iconstructed iaccording ito icertain irules, iit 

isupports iscript ilanguages. iThe istructure inot ionly ican igenerate ieffective ialgorithms iwith 

iC++ ibut ialso ikeeps ithe icharacteristic iof iscript ilanguages iat ithe isame itime, iwhich imeans 
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ithe iusers ican ichoose itheir ifamiliar ilanguages iand ithese ilanguages iall ihave itheir iown iGUI 

idevelopment isupport. 

 iVTK iadopts ithe ipipeline iarchitecture iand isets itwo itypes iof irendering iprocesses 

i(surface irendering iand ivolume irendering) iin ithe iarchitecture iof ithe idata ipipeline; ithe itwo 

iprocesses iadopt idifferent ivisualization ialgorithms. iThe imost isalient icharacteristic iof 

iVTK iprograms iis ithe ipipeline, iit imeans ithat ia iVTK iprogram iis ia icomplete irender 

ipipeline, ithe iforepart iof ithe ipipeline iis ithe iVisualization iModel iPipeline iwhich iconsists iof 

idata isource, ireader, ifilter iand iso ion, iit iis iused ifor iobtaining iimage iand ipreprocessing 

i(image isegmentation, ismoothing iand isharpening) isource idata iinformation iand ithen 

itransforming ithe iinformation iinto igraphic idata. iThe iposterior ipart iis ithe iGraphic iModel 

iPipeline, iwhich iconsists iof iactor, icamera, iray, iproperty, imapper, irenderer, irender iwindow 

iand iso ion; iit iis iused ifor itransforming ithe igraphic idata iinto iimage. iIn iother iwords, ithe 

ivisualization iprocess iestablishes ithe igeometric iexpression iand ithen ithe igraphic iprocess 

iprocesses iit. iThe irender ipipeline ican iaccomplish ithree-dimensional ireconstruction iof 

ipoint, iline iand isurface i(Bruggmann, i2016). 

As iVTK iis ian iopen isource iand ifree isoftware iwith ipowerful i3D igraphics iprocessing 

ifunction, ian iexcellent iarchitecture, ihigh iflexibility, ioutstanding iportability iand 

iexpandability, irecently iit iis iwidely iused iin iimage iprocessing, icomputer igraphics iand 

ivisualization iin iscientific icomputing; imeanwhile, iit ihas ibecome ia igood ichoice ifor 

idevelopment iof imedical iimage ivisualization. iTherefore, ithis isoftware iis ithe imost isuitable 

itool ifor ireconstructing i3D iimage ifrom ia iset iof iCT iimages iusing iVTK iand iVisual iC++ i6.0 

ibecause iof iits iopen isource itoolkit iprofessionally idesigned ifor icomputer igraphics 

ipurposes i(Figure i19). 
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Figure i19 i3D ifoot ireconstruction 

 

Table i1 iFeatures iavailable iin iVisualization iTool iKit i(VTK) isoftware 

Features Description 

Filters Filter ienables iVTK iapplications ito imanipulate idata iusing 

iits ifunction ito ireceive iand iprovide iderived idata. iCombined 

ifilters icreate idataflow inetworks, iproducing ia ivisually 

icomprehensible iimage. 

Graphics iSystem 

 

Graphic isystem i(OpenGL iin imost icases) ienables 

irendering iof iabstraction ilayers, icompiling ivisuals iinto ia 

isingle iimage. 

Data iModel 

 

Data imodels iis ia iset iof idata ithat imirror ireal iworld iphysical 

iscience, iallowing isolutions icreated ito ibe itrue ito ireal ilife. i 

Data iInteraction 

 

In iVTK, idata iinteraction itools ienable iusers ito iunderstand 

ithe icontext iof idata iobtained iand iadd ia imore iuser-friendly 

iinterface ito iprograms. 
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2D iPlots iand iCharts 

 

2D iplots iand icharts ienable iusers ito ioperate idata isets ito 

iand ifrom iusing iPython icoding. iIt ialso iallows iusers ito 

iinteractively imanage iand iunderstand iobtained idata. 

Parallel iProcessing Parallel iprocessing ienables iscaling iof idistributed imemory 

ito ibe iparallel iprocess iunder iMPI. 
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CHAPTER 3: METHODOLOGY 

3.1 VTK iProgramming i 

In ithis iexperiment, iall iof ithe islices iof iimages ineed ito ibe iread ias ia ivolume iinto ithe 

isystem iby iusing ithe ifunction ivtkJPEGReader iin iVTK. iAs ithe idata iinput ibecome ivolume,  

imarching icubes ialgorithm ican ibe iapplied ifor ireconstruction iof i3D iimage. iIn ithis ipaper, i4 

imethods iwere iapproached ito ifind ia iclear i3D ireconstruction iof i2D iabdominal iimages 

iwhich iare isurface irendering, isurface iwith imultiplanar irendering, ivolume irendering iand 

ivolume irendering iwith iadditional ifeature. 

3.1.1 Method i1: iSurface irendering 

 

Figure i20 iPipeline ifor isurface irendering imethod 

vtkRenderer iwas ifunctioned ito icreate ithe irenderer i, iits iwindow, iand ithe iinteractor. iThe 

irenderer iwas idrawn iinto ithe irender iwindow, imouse- iand ikeyboard-based iinteraction iwas 

ienabled iwith ithe idata iwithin ithe irender iwindow. iNext, ithe ivtkJPEGreader iis ifunctioned ito 

icompose ithe ivolume iby ireading ia iseries iof i2D iimage islices. iThe islice idimensions iare iset 
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iin iwhich i400 islices iwere iused, iand ithe ipixel ispacing iwhich iis i512x i512 idefines ithe 

idimensions iof ia islice iof i2D iCT iimages. iThe ifilenames iwith ithe i2D iCT iimages islices 

iusing ithe iformat iFilePrefix iwere iconstructed. 

The iextracted itwo iisosurfaces ithat irepresent ithe ibone iand iskin istructures iwere iread iby 

iusing ithe ivolume idataset,  iand ithen idisplayed. iThe iideal icontour ivalue iof ihuman iskin iis 

i500 iand i1150 ifor ihuman ibone. iHowever, iit ican ibe iused ifor ithis iexperimets isince iit 

irequires ihigh iRAM iPC ito irun iit itherefore ithe ivalue iwas iset ilow ias ifor ithe iskin i icontour  

ivalue iwe iused i100 imeanwhile ifor ithe ibone icontour ivalue iwe iuse i200. iOnce igenerated, ia 

ivtkPolyDataNormals ifilter iwas iused iafter ithe ivolume idataset iwas iread iin iorder ito icreate 

ismooth isurface ishading iduring irendering. iThe igreater ithe ivykPolyDataNormals ifilter, ithe 

ishared iedge iwill ibe iconsidered ias i"sharp". iThe ivtkStripper iwas iused ito icreate itriangle 

istrips ifrom ithe iisosurface, ithis iwill iresult iin ifast irendering. ivtkOutlineFilter iwas icreated 

ito idraw ian ioutline iproviding icontext iaround ithe idata iand iby iusing iRGB icolor irange icode, 

i0.0 iwere iused ito icreate ia iblack ioutline. 

An iinitial icamera iview iis icreated iby iusing ivtkCamera.This iwas iused iin iorder ito 

iposition ithe icamera ito ilook iat ithe idata iin ithis idirection. i iThe iDolly() imethod iwas iused ito 

imove ithe icamera itowards ithe iFocalPoint iin iorder ito ienlarge ithe iimage ito izoom iin. iThen, 

ithe ibackground icolor iis iset iwithin ithe irange iof iRGB icolor icodes iwhich iare i0.0 

i(black)~1.0 i(white). iAt ithe isame itime, ithe irenderer isize iis icreated iby iusing ithe ipixel isize 

iwhich iis i512 ix i512. Univ
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3.1.2 Method i2: iSurface irendering iand imulti iplanar irendering 

 

Figure i21 iSurface irendering iand imulti imultiplanar irendering imethod 

This imethod ihas ithe isame ipipeline iwith iMethod i1 i(Surface irendering) iwhich iused ia 

isurface irendering imethod istarting ifrom ivtkRenderer iuntil ivtkOutlineFilter ithat iwas 

ishown iin iFigure i20. iNext istep iis ithree iorthogonal iplanes ipassing ithrough ithe ivolume 

iwere icreated iby iusing ia imultiplanar irendering imethod. iIn iorder ito ihave ia idifferent 

icoloration, ieach iplane iused ia idifferent itexture imap. iIn ithis imethod ithe imaximum 

iSetTableRange iwas i2000 iin iorder ito ihave ia ihuge itable iscale.This imethod iwas ithen istarted 

iby icreating ia iblack/white ilookup itable i(bwLut) iusing ivtkLookupTable. iNext, ia ilookup 

itable ithat iconsists iof ithe ifull ihue icircle i(hueLut) iis ialso icreated iusing ivtkLookupTable. 

iFinally, ia ilookup itable iwas icreated iwith ia isingle ihue ibut ihaving ia irange iin ithe isaturation 

iof ithe ihue i(satLut). i 
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Each iof ithese ilookup itables iused iHSV icolor ispace ithat iwere idefined ias iHue, 

iSaturation, iand iValue. iBefore ithis, iRGB i( ired, igreen, iand iblue) iwere iused ito idescribe ithe 

icolors, ibut iin ithis imethod iHSV iwas iused ibecause iit idescribes icolors isimilarly ito ihow ithe 

ihuman ieye itends ito iperceive icolor iby iusing icolor, ivibrancy iand ibrightness imeanwhile 

iRGB ionly ican idefine ithe iprimary icolor ionly. iIn iHSV, iHue irepresents ithe icolor itype, iit 

idescribes ithe icolor iof ithe iangle ion ithe iabove icircle, iand iit ican ibe iranged i ifrom i0 ito i255, 

iwith i0 ibeing ired. i iMeanwhile, ithe isaturation idescribes ithe ivibrancy iof icolor iwhich iit ihas 

irange ifrom i0 ito i255. iThe idecrease iin isaturation, ithe imore igray iis ipresent iin ithis icolor iand 

ibecomes imore ifaded. iTherefore, iin ithis imethod iwe ijust iuse i0.0 ito i1.0 irange ionly. iLastly, 

ithe ivalue irepresents ithe ibrightness iof icolor iwhich iranges ifrom i0 ito i255 iwhich i0 iis 

icompletely idark. 

The ifirst iplane iwhich iis ia isagittal iplane ithat iis iused ito idivide ileft iand iright iparts iof 

iabdomen iwas icreated iout iof ithree iplanes. iThe ivtkImageMapToColors ifilter imaps ithe idata 

iby iusing ithe icorresponding ilookup itable icreated iabove. i iThe ivtkImageActor iis iused ito 

idisplay iimages ion ia isingle iquadrilateral iplane iand iit iis ia itype iof ivtkProp iwhich ifunctions 

ito iabstract ithe ivolumes idataset i. iThe ipipeline iwill ionly iuse ithe idata ithat iwere iinput iin 

iDisplayExtent iand ithe ivtkImageMapToColors iwill ionly iprocess ia islice iof idata istated. 

iTherefore, iin ithis iexperiment, ithe iextent irange iwas iused ibetween i0-400 iwhich irepresents 

ithe inumber iof i2D islices iimages ithat iwere iused ias ian iinput ivolume. iMeanwhile ifor ithe 

isecond iplane iwhich iis ithe iaxial iplane iwhich idivides ihead iand itail iparts iof iabdomen 

i(cranial iand icaudal) iand ithird iplane iis ithe icoronal iplane ithat idivides ifront iand iback iof 

iabdominal iparts i(posterior iand ianterior) ihave ithe isame iapproach isame ias isagittal iplane 

ibefore iexcept ithat ithe iextent idiffers iwhich ican ibe isummarized iin iFigure i21 iabove. i 
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3.1.3 Method i3: iVolume irendering 

 

Figure i22 iPipeline ifor ivolume irendering imethod 

The ivtkJPEGreader iwas iused ito iread ia iseries iof i2D islices iimages ithat icompose ithe 

ivolume iand iit iwill ibe idisplayed iby iray-cast ialpha icompositing. 

ivtkRayCastCompositeFunction iis iused ito icomposite ithe iray icast ialong ithe iray imeanwhile 

ivtkRayCastMapper ithat iwas icomposed iafter ithe ivtkRayCastCompositeFunction iis 

ineeded ito imap ithe iray-casting. i 

vtkColorTransferFunction imaps ivoxel iintensities ito icolors. iIt iis imodality-specific, iand 

ioften ianatomy-specific ias iwell. iThe igoal iis ito ione icolor ifor iflesh iis ibetween i500 iand i1000 

iand ianother icolor ifor ibone i1150 iand iover. i 

The ivtkPiecewiseFunction iwas idivided iinto i2 ifunctions iwhich iare ithe 

ivolumeScalarOpacity iand ivolumeGradientOpacity. ivolumeScalarOpacity iwas iused ito 

icontrol ithe iopacity iof idifferent itissue itypes iby iusing ithe iscalar iof ithe ivolume irange ifrom 

i0.0~1.0 iwhich i0.0 iis itransparent imeanwhile i1.0 iis icompletely iopaque. iThe 

ivolumeGradientOpacity ifunction iwas iused ito idecrease ithe iopacity iin ithe i"flat" iregions iof 
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ithe ivolume iwhile imaintaining ithe iopacity iat ithe iboundaries ibetween itissue itypes. iIt ialso 

iranges ibetween i0.0~1.0. iThe igradient iis imeasured ias ithe iamount iby iwhich ithe iintensity 

ichanges iover iunit idistance. iFor imost imedical idata, ithe iunit idistance iis i1mm. 

The ivtkVolumeProperty iwere idivided iinto itwo ifunctions iwhich iare icolor iand iopacity 

ifunctions ito ithe ivolume, iand isets iother ivolume iproperties. iIn iorder ito ihave ihigh-quality 

irendering, ithe ilinear iof iinterpolation iis iimportant. iIn ithis ifunction, ithe iShadeOn ioption 

ienhances ithe ivolume iappearance ito imake iit ilook imore i“3D” iby i iturning ion idirectional 

ilighting. iThe imain idrawback iis ithat ithe iquality iof ithe ishading idepends ion ithe igradient iof 

ithe ivolume. iHowever iit iis ihard ito idetermine ithe iaccurate icalculation iand ithe inoisy idata  

icause ithe idecrease iof igradient iestimation. iTherefore, ithis iproblem ican ibe isolved iby 

idecreasing ithe iAmbient icoefficient iwhile idecreasing ithe iDiffuse iand iSpecular icoefficient 

iin iorder ito idecrease ithe iimpact iof ishading. iIn ithis iexperiment ilow iambient icoefficients 

iwere iused iwhich iare i0.2 iand iDiffuse iand iSpecular i0.6 iand i0.4 iwere iused irespectively iin 

iorder ito idecrease ithe ishading iimpact. iThe iAmbient iwill ibe idecreased iand ithe iDiffuse iand 

iSpecular iwill ibe iincreased iin iorder ito ihave ia ihigh iimpact iof ishading. i i 

Lastly, ithe ivtkVolume iwhich iacts ias ivtkProp3D ito icontrol ithe iposition iand iorientation 

iof ithe ivolume iin iworld icoordinates. iFinally, ithe ivolume iwas iset ito ithe irenderer. 
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3.1.4  i iMethod i4: iVolume irendering iwith iadditional ifeature 

 

Figure i23 iPipeline ifor ivolume irendering iwith imeasurement ifeature 

In ithis imethod, iit iused ithe isame irendering ias iMethod i3 i(Volume iRendering) iwith i i3 

iadditional ifeatures iwhich iare icrop ifeature ito icrop iouter isurface iin iorder ito isee ithe iinner 

isurface iof iabdomen, ilength imeasurement ifeature ito imeasure ithe ilength iof iinterest ipoint iin 

iabdomen i& icoordination ifeature ito iidentify icoordinates iof icertain ipoints ithat ithe iuser 

iwould ilike ito ilook iin idetail.. iThis imethod ican ibe isummarized iin iFigure i23 iabove. 

 iA icallback ifunction iis icreated ifirst isince iit iserves ias ithe i"observer" iin ithe 

i"command/observer" idesign ipattern. iThis ifunction iwas iused ito isend iout ia icommand iby 

inotifying iall iobservers iof ithe ievent iin iVTK. iThe ivtkCommand iwas iused ithen ito iimply ithe 

ifunction. iThis iin iturn icauses ithe ipipeline ito iupdate iand iclip ithe iobject iand icallback ifor ithe 
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iinteraction. iIn ithis ifunction, icrop, icoordinates iand ilength imeasurement ifeatures iwere 

icoded. 

The ivtkJPEGreader iwas iused ito iread ia iseries iof i2D iimage islices ithat icompose ithe 

ivolume iwhich ihave ithe isame imethod ias iall ithe imethods iabove. iNext, ipixels iare ishifted 

iand ithen iscaled iby iusing ivtkImageShiftScale, ipixels iare ishifted iand ithen iscaled. iThe 

ivalue iwas iset iinto ithe ipixel. iThis ifunction iwas iused ito iset ithe ioutput iscalar itype isimilar ito 

ivtkImageCast. iThis iis ibecause ishift iscale ioperations ioften iconvert idata itypes. iTherefore, 

ivtkImageCast ifilter iwas iused ito icast ithe iinput itype iin iorder ito imatch ithe ioutput itype iin ithe 

iimage iprocessing ipipeline. iVtkPiecewise iwas icreated ito ihave ia ipiecewise ifunction 

imapping. iThis ifunction imapping iallows ito iadd iextra icontrol ipoints iand iallows ithe iuser ito 

icontrol ithe ifunction ibetween ithe icontrol ipoints. i i i 

vtkColorTransferFunction iuse ia icolor imapping iin iRGB i(red, igreen, iblue) ithat iuses 

ipiecewise ihermite ifunctions ito iallow iinterpolation. iNext, 

ivtkVolumeRayCastCompositeFunction iwas iused ito ihave ia iray ifunction ithat ican ibe iused 

iwithin ia ivtkVolumeRayCastMapper. iThis ifunction iperforms icompositing ialong ithe iray 

iaccording ito ithe iproperties istored iin ithe ivtkVolumeProperty ifor ithe ivolume. iNext ithe i 

ivtkVolumeProperty iwas iused ias isame ias iMethod i3 iabove ito iset ithe ivolume iproperties.  

iHowever, iin ithe ivtkVolumeProperty ian iadditional iproperty iwas iadded iwhich iis ispecular 

ipower ito iintensify iand isharpen ithe iedges iif ithe iarea iwhere ithe ispecular ilight iis ipresent 

iwhich imay irange ifrom i0~∞. iThe ihigher ithe ispecular ipower, ithe ihigher ithe ilight iwill 

ipresent. i 

Next, ivtkOutlineFilter iwas iused ito icreate ioutline iof ithe idata icontext. iIn ithis ifilter, i2 

ispheres iwere icreated ifor ithe icoordinates ifeature iand ilength imeasurement ifeature. iLastly ia  

icell ipicker iwas icreated. iA ivtkTextMapper iand iactor iwas icreated ito idisplay ithe iresults iof 
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ipicking. iIn ithis icell ipicker, ivtkImplicitPlaneWidget iwas iused ito icreate ia ifinite iplane iwith 

ifour ihandles iwhich ican ibe iused ito iresize ithe iplane, ia inormal ivector ito irotate ithe iplane, iand 

ithe iplane iitself ito ibe ipicked iand itranslated.
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CHAPTER 4: RESULTS 

4.1 Surface iRendering iResult 

 

 

Surface irendering i(Method i1) iresult ishows igross i3-D irelationships imost ieffectively ias 

iseen iin ithe irib icage iin i(Figure i24). iIt irealistically ishows iorgans iin isupposed ilocations iand 

itheir icurrent istate iHowever, iit isuffers iin icrowded iareas iwith ilots iof iartifacts iand icannot 

ieffectively idisplay istructures ihidden ibehind ian ioverlying ibone ior ilocated ibeneath ithe 

ibone icortex.. 

 

 

 

Figure 24 Method 1 (Surface rendering) results 

(Left) front view, (Right) top view 
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4.2 Multiplanar iRendering iResult 

 

Meanwhile, iin iMultiplanar irendering i(Method i2), ithe iaxial islices iare icut iinto ithe 

isagittal ior icoronal iplane iallowing ito iview ithe ientire istructure ifrom ithe iside ior ifrom ifront 

ito iback irather ithan ias ian iaxial islice icut iacross ithe istructure i(Figure i25) ienabling ito ibe 

iviewed ifrom imultiple iangle. iThe imain idrawback iof ithis itechnique iis ithat iit iis inot ia i3D 

iimage, imaking iit imuch iinferior icompared ito iMethod i3 iand iMethod i4 ias iit iis imore iof ia 

istatic ipicture irather ithan ia i“flexible” ireconstruction iof ian iimage iwith icolors iand ishades. 

4.3 Volume irendering iresult 

 
Figure 26 Method 3 (Volume rendering) results (Left) front view, (Right) top view 

Figure 25 Figure 28 Method 2 (Surface and multiplanar rendering) results 

(Left) front view, (Right) top view 
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Volume irendering i(Method i3&4) ieffectively ishows ia iresult iimage iof idetailed itissues 

iand ibone istructure, iand ihidden iareas iof iinterest iwith ifew iartifacts i(Figure i27,28,29). iIt 

ishows i3-D irelationships iwith ivarying idegrees iof isuccess iby iusing ithe idegree iof isurface 

ishading iand iopacity iwhich icause ithe i3D iimages ibecomes imore ireal i“3D” ithrough 

ishading iand iopacity iproperties ithat iwas iset ito ithe ivolume. iMethod i3 iimplies ithe ibasic iray 

icasting itechniques iwhere ithe iopacity iof ieach iobjects iare itook iinto iaccount iwithout iany 

iurgency ibeing iput iinto iany iof ithe istructures. iThis iin ireturn iproduce iof iobject iwill ialmost 

ithe isame itransparency iif ithe istate iof ithe iobjects iare ithe isame ifor iinstance, iskin iwill ihave 

ithe isame iopacity ias ithere iare iboth iopaque iobjects. iOn ithe iother ihand, iMethod i4 iis ia ithe 

iimprovised iversion iof ibasic iray icasting, iwhere iselective iopacity itook iplace. iIn ia imore 

isimpler iterm, iimprovised ibackward imapping iare iable ito idetermine iwhich istructures 

isupposedly ito ibe ihighlighted, ifor iinstance iin ifigure i28, ithe imain ifocus iof ithe iimage iis 

ibrain iand ithe iforehead iof ipatients iis iset ito ia itransparent ilayer. i 

Figure 27 Method 4 (Volume rendering with additional feature) results (Left) top view, (Right) 

front view 
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4.4 Additional ifeatures iresult iin iMethod i4 

 

 

Lastly, iMethod i4 ishows ithe iresult iof iadditional ifeatures ifor icrop, icoordinates iand 

ilength imeasurement ifeatures. iWhen ithe iplane iwidget iwas iresize iit ihas ithe iability ito icrop 

ithe iouter isurface iso ithe iinner isurface ican ibe iseen ias ishown iin iFigure i29 i(Left) imeanwhile 

iif ithe imouse iwere iclicked itwo itimes, ithe i2 ispheres iwere ishown iand ithe icoordinate iof ithe 

iclicked ipoints iwill ibe ishown ias iin iFigure i29 i(Right iabove). iFor ithe ilength imeasurement 

ifeature, iif imouse iis iright iclicked ithen ithe ilength ibetween itwo ipoints ithat iwere iclicked iwill 

ibe ishown iFigure i29 i(Right ibelow). 

Figure 28 Method 4: New feature results (Left) crop feature (Right above), 

coordinate feature, (Right below) length measurement feature 
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CHAPTER 5: DISCUSSION 

While isurface irendering i(Method i1) icreates imore ithree-dimensionally irealistic iimages 

iof ithe ibone isurface, iit imay ibe iof ilimited iclinical iutility idue ito inumerous iartifacts iand ithe 

iinability ito ishow ilesions iin iabdomen iand isubcortical ipathology iin ibrain. iOther ithan ithat, 

iit iuses ia imonotone icolored iapproach iand ican ionly ivisualize ithe igeometry ifeatures iof ian 

iisosurface. iThe ilack iof ithe icapability ito iillustrate ithe imaterial iproperty iand ithe iinternal 

istructures ibehind ian iisosurface ihas ibeen ia ibig ilimitation iof ithis imethod iin iapplications. 

Meanwhile, ivolume irendering i(Method i3&4) iis ieffectively idisplays ia ivariety iof 

iskeletal ipathology iwith ifew iartifacts. iRelative ivoxel iattenuation iis irepresented iin i3D 

ithrough ia igray iscale ior iin icolor, iand ibecause ione ican ichoose iwhich ivoxels ito irender 

iopaque iand iwhich ito irender itransparent, ithere iis imore iinformation ithan isurface irendering. 

iVolume irendering imaintains ithe ianatomic ispatial irelationship iof ithe iCT idata iset iand 

idepth iinformation, ithereby ibetter irepresenting ithe iinterrelationship ibetween ivascular iand 

ivisceral istructures. iTherefore, iMethod i3&4 iis imore isuitable ito ihave ia iclear idiagnosis.  

iHowever, iit ihas isome idifficulty iin iinterpreting ithe icloudy iinteriors. iTherefore, ihigh 

iresolution i2D iCT iimages iand ihigh iRAM icomputer iis ineeded ito irun ithis imethod iin iorder 

ito isolve ithis iproblem iespecially iwhen ithe inumber iof i2D iCT iimage islices iis ihigh. i 

In iMultiplanar irendering i(Method i2), ithe irelationship iof ithe iorgans ito ieach iother iare 

ishown iin ia idifferent iview ialong iwith ia iview iof ian ientire itumor iin ianother iplane imay ihelp 

idetermine itreatment ioptions. iAny iof iplane ican ibe iused ito iobtain ithe idata. iThe imain 

iadvantage iof ithe imulti-planar ireformatting imethod iis ithat ione iis inot irestricted ito iviewing 

iin ithe idirection ithe idata iwas iscanned, iwhich imakes iit ipossible ito ivisualize idata ithat iwas 

imeasured iin idifferent islices iin ione itwo-dimensional iimage. iThe imain idrawback iis ithat ithe 

ivisualized idata iis, ilike ithe ioriginal islices, itwo idimensional. iA isingle iimage idoes inot igive 

imuch imore iinsight iin ithe ithree-dimensional istructures ithan ithe imeasured islices. 
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iHowever, iit irequires ia ilot iof iRAM iin iorder ito irun ithis imethod. iTherefore, iit icannot ibe 

iused iin ilaptop iand irequires iPC iin iorder ito ihave ia ihigh ispeed ivisualization. iIn iaddition, 

iMethod i1 iand i2 i3D ireconstruction iimages ican ibe iimprovised iby iincreasing ithe icontour 

ivalue ifor ihuman iskin iwhich iis i500 iand i1150 ifor ihuman ibone ibut ithis imethod ionly 

iavailable iby iusing ihigh iRAM iPC ito irun ithe icoding. 

In iorder ito ihave ia imore idetailed ipathology idiagnosis, ithese iadditional ifeatures iare 

iimportant ito iview imore idetails idiagnosis. iIn ithe iMethod i4, iFigure i29 ishows i3 iadditional 

ifeatures iwhich iare icrop ifeature ithat iis ihelpful iin iviewing iinner isurface iof iabdomen ithat 

ican ihelp ito idetermine ilesions iclearly. iIt iwill ihelp ito iview imore idetailed idiagnosis iwith ia 

ihigh ispeed ivisualization. iOther ithan ithat, icoordinate ifeature ihelps ito istate ithe 

icoordination iof ithe iabdomen iin iwhich ithe iuser ican iuse iit ito idetermine iwhich ipart iof ithe 

iabdomen ithat ihave iany ilesions. iLastly, iit ialso ican imeasure ithe ilength ibetween ione 

icoordinate ito iother icoordinate iwhich ihelps ithe iuser ito idetermine ithe ilength iof ilesions iand 

ithe iuser imay ibe iable ito ipredict ithe isize iof ilesions ito iplan ithe ibest itreatment ifor ithe ipatient. 

iTherefore, iin ithis ipaper iMethod i4 ishows ithe ibest imethod iin idiagnosing iby ivisualizing 

iclear i3D istructures iof iabdomen iby iusing ivolume irendering iwith iadditional ifeatures ithat 

ihelp ithe iuser ito ihave ia idetailed idata ifrom i2D iabdominal iCT iimages. 
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CHAPTER 6: CONCLUSION 

In ithis iresearch, ifour ikind iof idifferent imethods iwhich iare isurface irendering, isurface 

irendering iwith imultiplanar irendering, ivolume irendering iand ivolume irendering iwith 

iadditional ifeatures ihas ibeen itested ias ia imeasure ito iproduce ia iclear i3D imodels iand 

istructures iof iabdominal i2D iCT iimages iin iorder ito iease ithe idiagnosis iof ipathological 

iformations iand ipreparing ithe itreatment iplans. iThrough ithe iexperiment, iit ishows ithat 

ivolume irendering iwith iadditional ifeatures ihas iadvantage iin ireconstructing ithe imeticulous 

itissues iand ibones iof iabdomen iand ihelps iin iproviding ia idetailed idata iby icoordinate, 

imeasurement iand icrop ifeature iin iorder ito idetermine ithe iexact icoordinate ifor iles ilocated iin 

iabdomen, ilength imeasurement iof ithe itumor iand icrop ithe iouter isurface iof iabdomen ito isee 

ithe iinner isurface iof iabdomen, irespectively. i 

However, ithere iis ia ilimitation iin ithis imethod isince iit iwill iproduce ia ifew iartifacts. 

iTherefore, ihigh iresolution i2D iCT iimages iand ihigh iRAM icomputer iare ineeded ito irun ithis 

imethod iin iorder ito isolve ithis iproblem. iVTK iand iC++ iis ian iimportant itool iin idevelopment 

imedical i3D ivisualization isoftware isystem. iIn ithe ifuture, ithis itechnology imay ibe ithe imajor 

itool ifor ievery ihospital iin iorder ito iease ithe iradiologists iand imedical idoctor iin idiagnosing 

iillness iand imake iplans ifor ithe itreatment iquickly iwith ia ilow ibudget. Therefore, in a future 

and advanced application, this advanced 3-D processing tools can be embedded into the 

diagnostic viewing application to allow efficient reconstruction of images, simultaneous 

comparison of 2-D and 3-D images, and referencing of historical data. This reduces costs 

and creates greater productivity and enhanced diagnostic confidence. 
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