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Smoothing Aoproach of 3D Models Based on
Interpolating Subdivision Surface

Aleksandrs SisojevsAleksandrs GlaZs™Riga Technical University

Abgtract. The problem of free-form object modelling in 3D }'1’]
visualization is a topical task in computer graphis and solving it [\
is important for practical use. This paper describesa new P \
approach to free-form object surface reconstruction based on
initial 3D model smoothing using subdivision surfae. There are / D/,
many approaches to subdivision surface based on @gjt surface / /Pk
approximation. In this paper, the proposed approachs based on | /
interpolating subdivision surface.

Keywords: interpolation, polygon, subdivision surface.

p & e /
|. INTRODUCTION i = ?
Pj

The problem of free-form 3D object modelling for 3D
visualization is an important task in computer sce&e and
technology. It is important to solve this problear practical rig 2. nitial quadrangular polygon
application in various areas, for example in bioicald

engineering.. _ . . The proposed approach is based on the creatiorheof t
The effective 3D modelling approach is the creatdre interpolated polygonal surfaces. This approach dam
polygonal model, based on subdivision surface nuthodescribed by the following three steps.
[1,2,4]. In this case, the resulting model can Isedufor  Step 1. The calculation of tangent vectorhe tangent
visualization directly, using standard tools forngmiter yectorm; from pointP; to pointP; must fulfill the following
graphics. o condition:
There are many approaches to subdivision surfasecban .« tangent vectom; must be perpendicular to the normal
surface approximation [1,2,4], but the interpolgtin vectorn;;

subdivision surface is also used for some techninad « tangent vectom; must belong to the plane, createdrby
scientific tasks. The 3D modelling approach based oqnd the vector between poRtandP,.
interpolating analytical surfaces is proposed in [5 Under these conditions, the tangent vector caratmiated

This paper describes a new approach to free-forfacob py the cross product of two vectors as follows:
construction, based on initial 3D model smoothinging

subdivision surface. In this paper, the proposegragch is iy = h- (A, x(P, - R ))xf; L
based on interpolating subdivision surface.
where:h — is the length coefficient.

N ) . Fig.3 and Fig.4 illustrate a set of tangent vectitsr step
Initial data in the proposed approach is a polgyenodel 1

of an object (or polyhedron), which is based onea af
verticesP; and a set of normal vectais The model uses two
types of polygons — triangular (described B®P) and
quadrangular (described B®,PP)). Fig.1 and Fig.2 illustrate
both these cases.

Il.  THE PROPOSEDAPPROACH

=

\
\
|
|
B

Fig. 3. The triangular polygon with a set of targegctors
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Fig. 1. Initial triangular polygon
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Fig. 4. The quadrangular polygon with a set of &amgyectors

quadrangular polygon®;Q;Q.Qi, PiQiQQi, PiQuQQjx and
P1QiQ.Qu- Fig. 6 shows this case.
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Step 2. The calculation of the midpoint on the polygon

edges. Let the polygon edge between vertieeand P; be
interpolated by a parametric curve. This curverisedge of
the triangular parametric surface, which interpedathe initial
triangular polygon. In this case, the midpoint bancalculated
as follows:

Qy :%'(R +Pj)+%-(rﬁj g ).

(2)

In the case of a triangular polygon, equation ) be used
for each edge. The result of subdivision is a n@lygonal
mesh, created by 4 triangular polygoi3Q;Qi, PQuxQi;
Pinijk aninjQiink. F|g5 shows this case.

Qv

Fig.5. The resulting polygonal mesh of triangulalygon

In the case of the quadrangular polygon, it is ssasy to
calculate an additional vertex using Step 3.

Fig.6. The resulting polygonal mesh of quadrangpédygon

For 3D model visualization, the calculation of natm
vector is necessary in each vertex. The normalovdot one
vertex can be described by the following steps.

Step 1.The edge-vector calculation. These vectors can be
calculated between vertdX and neighbouring vertice® as
follows:

NORMAL VECTORCALCULATION

v =(R+P). @

Fig.7 illustrates this case.

3

Fig.7. The edge-vectors

Step 3.The calculation of the midpoint on the quadrangula Step 2. The calculation of a set of side-based normal

polygon. Let the quadrangular polygo®PPP be
interpolated by a parametric surface. In this cds=midpoint
can be calculated as follows:

Qc:%-(R+P]- +P|(+F1)+6—14-(r"1i —h; +ﬁk—ﬁ|)+

. A3)
1 (. 2 - - - - .
LTS J-+mji+mjk+mkj+mk,+mk+mi+m|)

In the case of the quadrangular polygon, the resfilt
subdivision is a new polygonal mesh, created by

vectors. The normal vector to each polygon canabeutated
as the cross product of two edge-vectors. It canabeulated
as follows:

M =V, %V ;. ©)
Fig.8 illustrates this case.
Step 3.The resulting normal vector in the given vector can
be calculated as a mean of a set of side-basedahesutors.
It can be calculated as follows:

4
ﬁp:%-Zﬁi. 6)
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Fig.9 illustrates this case. V. EXPERIMENTS

The proposed approach has been implemented aed t@st
the 3D model of a medical object. The obtained msagre
shown in Fig.10 and Fig.11.

Fig.10. The initial model of the medical object

Fig.9. The resulting normal vector on the vertex

Fig.11. The smoothed model of the medical object

IV. RECURSIVEESTIMATION

The resulting surfaces are defined recursively. hEac The enlarged fragment of the medical object is shamv
iterative refinement replaces the current mesh wisimoother Fig.12 and Fig.13.

mesh. After many iterations, the surface will graltiu
converge onto a smooth limit surface.

The number of polygons increases four times in ea(
iteration. In this case, the polygon count ratio be described
as follows:

Spin = S - 4%. (7)
where: S, — the number of polygons in the final model,
S — the number of polygons in the initial model;
R — the depth of recursion.

In caseR — oo the resulting object surface is equivalent td
the object surface from [5].

Fig.12. The enlarged fragment of the initial moofetedical object
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Aleksandrs Sisojevs, Aleksandrs Glazs. 3D molenogludinaSanas pieeja, balstoties uz interpatijas virsmas apakSiedajumu

Brivas formas objektu modsianas prolsta 3D vizualizSars ir aktuls uzdevums dadlas ziritnes un tehniskag joras. Sis risiajums ir svafgs praktiskai
pielietoSanai dauds nozags, pientram, biomeditas inZenierj. Efekliva un praktisi pieeja 3D modéBara ir poligonala modda izveide. Rezuita moddus
iespgjams vizualizt, izmantojot datoru grafikas standarteus, piengram, ar grafisko bibliaéku OpenGL.

Eksist daZas virsmas apaksiefjianu pieejas, kuras badst uz objekta virsmas aproksiniiu. Saji darta tika apraksta jauna pieeja bras formas objektu
virsmas rekonst@$anai, balstoties uzlsotrgja 3D modéa nogludiadanu, izmantojot virsmas apakSigfimhu. leejas datu strufita ir trisstira unéetrstira
poligonu kopa. Katrsakotrgjais poligons tiek aprakiés ar virsoju un nornmales kopu. Darba gditpiedivataja pieef katrs poligons interpgjas ar jauno
poligonu kopu {etri poligoni par vienu itéciju). Tapat tiek izskaiptas norrales modéa jaunajs virsotrgs. legito poligoralo modeli var izmantotatakai
nogludiraSanai, izmantojot tokieejas datus jadnteracija. Gadjuma, ja nogludiaSanu atkrto vairakas reizes (teétiski — bezgabas reizes), tadikotrgjais
poligons interpdijas ar BeZ trissfiri (sakit poligona virsotnes un virsmadisdinas virsotnes). Pievata pieeja tika reali@a, lai @rbaudtu tas darba sfjas uz
reila objekta. Par Bo brivas formas objektu tikaemts meditnas objekts, kas ir galvas virsmas fragments. Ekspata gaii iegitie rezulfiti paradija
piedavatas pieejas izmantoSanas iggprealo uzdevumu risiaSanai. legtie medi@nas objekta atti ir ekvivalenti pieejai [5], te§ padi laika piecavataja pieef
aprekinu apjoms ir daudz maks.

Anexcanap CricoeB, Anexcanap I'na3. Ilonxox craaxusanns 3D Moaeeii 6a3upyromuiicsi HA HHTEPIOJSITHOHHOM AP00JIEHNH OBEPXHOCTH

IIpobiema mMoznenupoBaHus 0OBEKTOB CBOOOIHOM (opmbl 1is 3D Bu3yanmsanuu sBISETCS aKTyalbHOH 3a/iadeil BO MHOIMX OONACTSAX HayKH M TEeXHHKH. EE
pelCHHE SBISIETCS BaXKHBIM JUIS MPAKTUYECKOTO MCIIONB30BaHMA BO MHOTHX OOJIACTSIX, HAmnpuMep B OWMOMEIMLMHCKON WHXeHepuH. D(QEeKTHBHBIA U
npakTraHelil noaxon B 3D MoxenupoBaHUH - 3TO MMOCTPOCHHE MOIMTOHANBHBIX MOACICH. B 9TOM cilydae pe3yabTHPYIOIIYI0 MOJETb MOXKHO BU3YalH3UPOBATS,
HCTIONB3Ys CTaHIAPTHBIC HHCTPYMEHTHI KOMITBIOTEpHON rpadiku, HarpuMmep rpadudeckyro oudanorexy OpenGL.

CyIecTByeT HECKOJIBKO MOAXO0/I0B, KOTOPbIE 0a3UPyIOTCS Ha alMpOKCHMMAIUK TOBEPXHOCTH 00beKTa. B 1aHHOH paboTe ONMcaH HOBBIH MOAXOA PEKOHCTPYKIIHI
[IOBEPXHOCTH CBOOOIHOM (hOpMBI, Ga3HpyONIMIICS Ha CriIaXHUBaHUN HCXOAHOH 3D Mozenn neHosb3yst HHTEPIOIUHOHHOE ApobieHue moBepxHocTh. CTpyKTypa
BXOZIHBIX JAHHBIX — MHOXKECTBO TPEYTOJIbHBIX M YETHIPEXYTOJIbHbBIX IOJIUTOHOB. Kax/Iblii MCXOIHBIN MOJIMIOH ONMUCAaH MHOXKECTBOM BEpIIMH M HopMaieil. Bo
BpeMsi paGoThI HPEUIOKEHOTO MOJX0/1a KaX/AbIH TOIUIOH HHTEPIIOIUPYETCsl HOBBIM MHOXKECTBOM IMOJIMTOHOB (YETBIPE MOJMIOHA 3@ OJHY MTEpalio). Tak ke
PAcCUUTHIBAIOTCS HOPMAId B HOBBIX BEPIIMHAX MOJETH. IlONyYeHYH0 IOJIMIOHAIBHYI0 MOACIb MOXKHO HCIHOJB30BATh JUIS JAIBHCHIIETO CIIIaXKHBAHMUS,
HCHONB3Ys €, KaK BXOJHBIC JaHHBIC I HOBOII HTepalyu. B ciydae, ecim MOBTOPHTH CIIaXKHBaHHUE HECKOJIBKO Pa3 (TEOPETHIECKH — OECKOHEYHOE YHCIIO Pas),
TO M3HAYAJBHBIA MOJIMIOH MHTEPIOIMPYETCS TPEyroibHUKOM Besbe (BepIIMHBI MMOIMIOHA M YIVIOBBIC BEPIIMHBI TPEYroJbHHKA COBIAAIOT). IIpeanoKeHHsbIi
oAX0[ OBLT peaan30BaH UL IPOBEPKH €ro paboTOCIIOCOOHOCTH Ha MpHUMEpe peaabHOro 00bekTa. B KauecTBe peaqbHOro 00bEKTa MPHUHSIT MEAMIMHCKHIL
00BEKT — ()parMeHT MOBEPXHOCTH TONOBbL. [loydeHbIe B pe3yabTaTe IKCIEPHMEHTa PE3yJIbTaThl MI0KA3bIBAIOT BO3MOXKHOCTD HCIIONB30BAHMS MPEITOKCHHOTO
HOJXOAa B PEIICHWHM peanbHbIX 3agad. lloiydeHble H300paXKeHHs] MEIULMHCKOro O0BEeKTa SKBHUBAICHTHBI Mojaxody [5], B To ke camoe Bpems o0beM
BBIYHCIICHUH B TIPEUIOKEHOM [OJX0/1¢ HAMHOTO MCHbLIC.
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