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Abstract

Abstract

Compared with quadrilateral meshes, Voronoi diagrams and other planar
expressions, the triangular meshes have high degree of freedom, simple data structure,
and so on. The triangular meshes are widely used in computer graphics, animation,
computer games, and other fields. The compatible triangular meshes are the core of
computer animation, shape interpolation and other applications, and it is still a
research hotspot to find a good compatible mapping relationship between two planar
shapes.

The previous compatible triangulations algorithms have many disadvantages,
such as the generated triangular meshes have poor quality and the application of the
triangular meshes are very limited. In order to improve the quality of the triangular
meshes, we use a method of generating compatible triangulations based on locally
injective mappings, and use the preprocessing optimization based on the initial
mapping of the target triangular meshes and the optimization based on the areas of the
corresponding triangle of the source triangular meshes and the target triangular
meshes are as equal as possible.

Our method is divided into two parts. First, the formation of compatible
triangulation. We select feature points of the source shape and the target shape and
manually match the feature points on the source shape and the target shape. We use
constrained Delaunay triangulation to generate the triangular meshes of the source
shape polygon. The boundary vertices of triangular meshes of the source shape are
mapped onto the boundary of the target shape, then the vertices inside the triangular
meshes of the source shape are mapped to the inside of the target shape polygon by
using the locally injective mappings, thus we will get the compatible triangulations of
the source polygon and the target polygon.

Second, the optimization of triangular meshes of the target shape polygon. Our
approach is to map the vertices inside the source shape polygon to the inside of the
target shape polygon by the locally injective mappings. It can be seen as a question of
finding the new vertices coordinates of the triangular meshes after the triangular
meshes are deformed, and it is actually a deformation problem. However, for some
special examples, the triangular meshes of the source shape ‘S’ can not smoothly
transition to the triangular meshes of the target shape ‘U’. This problem can be solved
by using the preprocessing optimization based on the initial mapping of the target
triangular meshes. Finally, high quality compatible triangulations are obtained by
using the optimization based on the areas of the corresponding triangle of the source
triangular meshes and the target triangular meshes are as equal as possible.

Compared with the previous compatible triangulations algorithms, our algorithm
improves the quality of the triangular meshes, and reduces the number of narrow
triangles and the distortion and degeneration of triangles, and makes the compatible
triangulations more widely used in interpolation. It also makes the deformation
process more smooth and continuous.

Key words: planar shapes; compatible triangulations; interpolation

II



H 5%

B

BB D 1
LIGRIAZAETEEIR ....oooooveeee e 1

L2 BIAZ ARSI RIF oo 2

L3 EIRIIMIBRIRAR - ocoooceeeceee et 5
(T A 1 OO 5

132 FHTEARZET oottt 6
LABEIITERHEE oot 7
BT BRI ER. 8
2 L S BT oo e 8

P A B N L 2 o - 1 b« OO 11
2.2 1 BIE B DMAFRTTTE oo 12

222 BN IATE T oo 14

2.2. 3 MR IR ZE R T T2 i 15

23 BIHISFARIREIEIL oo 17
2.3 L FAMIEA oo 18

2.3.2 JUITIA v 20
AARTRINGE oo 22
B=E ETRTRUNEH=/ARITER................... 23
B L AR I R T e 23

32 BIRFNBAREARIBBRITED ..o 25
321 FEERHREEL covvooveeceeceeceeeee s 25

322 T TRV vvvveveeee sttt 25

3.3 BARIBAY Delaunay ZFESY ..o 26
BARTRBEHFEEERBBZ AR ..., 27
341 HAREE B covooeveceeceeeceee e 27

III



H 5%

K R i S N Ty ST 32

KK ) R AR ik E a2 5 34

Y Y3 ST 36

IR = =<1 i - K S 37
3.5.1 T H bR = A A B FHALBRARAL oo, 37

3.5.2 X R = AT H AR EAHE I T s 41

BB AR B N oo 42
BB SR T . . o 44
D =15 L35k q:- 5 44

W = b ey - i i d s 46

43 B REEI BT R T oo, 47

W b ARl =] il L = OO 53

A R BRIV ..ot 54
BT BAEREE ... 55
oY a1 - & <1 VTSR 55

IR 3 1= - T 56
BN . .. 58
BEMTE VR AR RBER .. L 61
B .o 62

v



Contents

Contents

Chapterl INtrodUCTION........cceiiiiiieiiciie s 1
1.1 Overview of Compatible Triangulations............ccccovvveviiiiiieerieece e 1

1.2 Application of Compatible Triangulations .............ccoceveiienieniieiniieeiee e 2

1.3 REIAEA WOKK ......cviiiiiiiiice e 5
1.3.1 Compatible TriangUIAtIONS...........cccoriiiiiiieieeee et 5

1.3.2 Planar Shape Deformation ............ccccueiiieiieiiee i 6

1.4 Chapters ArTAgeMENT .......coiiiiiiiiee ettt 7
Chapter2 Generation of Compatible Triangulations.............c.cceoeeen. 8
2.1 TriangUIALION .....ccuviieiee e 8

2.2 Compatible Triangulations Between Planar Shapes............ccccocevvriiennnne 11
2.2.1 Method of Mean Value Barycentric Coordinates..........c..ccceeveevvennnnns 12

2.2.2 Method of Auxiliary POIYGON ..o 14

2.2.3 Method of Spider Web StruCture..........cccoevveiiieiie i 15

2.3 Optimization of Compatible Triangulations............c.ccccooviiiiiniienen 17
2.3.1 Topology OptIMIZAtION ......cccveiieiiiesie e 18

2.3.2 GEOMEtriC OPtIMIZAtION........c.civecieeieceese e 20

2.4 SUMIMBIY .ttt ettt e et e et e e et e e e bb e e e s bt e e s aba e e e baeeabeeesnbeeennneee e 22

Chapter3 Generation of Compatible Triangulations Based on

Deformed OptimMIZatioN ..........cccoiiiiiiiieiic e 23
3.1 AIGOrithm FIOWCHAIT ..o 23

3.2 Boundary Vertices Matching Between Planar Shapes............cccccoeevevnenee. 25
3.2.1 Extracting Boundary VEItIiCES .........cccevveieiiiiiieie e, 25

3.2.2 Matching Boundary VRrtiCES. .......c.ccueieieieniiienesieseseeeeeesie e 25

3.3 Constrained Delaunay Triangulation............ccccoceiiveresiesieeneee e 26

3.4 Generation Compatible Triangulations by Locally Injective Mappings .27

V



Contents

3.4.1 Objective FUNCLION........cccciiiie e 27

3.4.2 Improved ODbjective FUNCLION ..........coooiiiiiiiiecees e 32

3.4.3 Optimization and SUBStEPPING .......cccvevveiieiieieee e, 34

3.4.4 SOTt CONSIIAINTS. ...ecveieiieitisiieiee et 36

3.5 Optimization of Target Triangular Meshes ..........c.ccccvcveieiiieie i, 37
3.5.1 Preprocessing Optimization of Target Meshes ..........cccocevveierieerieannns 37

3.5.2 Optimization of Corresponding Triangle ........c.ccoeevviiiiiiiieeciiciiniinins 41

3.6 SUMIMBIY ...ttt e b et 42
Chapterd Results and ANalySIS.........cccoovviiiiiiiieiiiic e 44
4.1 Quality Metric of Triangular Meshes............ccccccciiieiiiiciiene e, 44

4.2 Distortion Metric of Target Triangular Meshes.......c.ccocovvviiinincicnnnns 46

4.3 Results and Analysis of High Quality Compatible Triangulations........... 47

4.4 Application of Compatible Triangular Meshes .........ccccvvvvieieiencncneniens 53

4.5 SUMMBEY ...ttt ittt b b nre e re e 54
Chapter5 Summarization and Future Work ..........cc.cccocovveeiiineeinnnnn, 55
5.1 SUMIMBIY ..ottt ettt b e nbe b annens 55

5.2 FULUIE WOTK ..ottt 56
REFEIENCES ... 58
ACNIBVEMENTS ...t 61
ACKNOWIEAGEMENT ... 62

VI



1.1 ER=/R%5HEE

EFEAAHBI TR (CAE, Computer Aided Engineering) B, = Mg 2T

T P 5 = 4 il i B A i R T A2 — SR = T A5 %~ T e i

BEATHNE S AL R THEHLAC BRI A PROT A B 75 2 o = A AR AR B T DY KA

¥+ Voronoi KI&E-FiRA T A S Bl MBS BT =M

WA A I L a2 N T SRR S R CAD. Sl Al

e A 5 A o

AR =MAH BE A AR B 1, HRTAE AT IR B = A 517 P
B TP (1) [ R B 96 R AL R — AN AT R L [F R = A S G TRl — i dh
FNAERYFD = AN FEERE R B8 — AR UEAT H A5 = A WA R BT T 08 — DL G 28—

SRV H FR = WA 18— VLS, RPN T 28— L 56 =1

FEVEANH FR = AL ST 7 A AR R il 1-1 o, 23008 ()
(b) FBRE OC R XS R BT, 21T (a) =M (abe) 52Uk
(b FH=MAI (a’bc) L, ZIE (b THEAZE=ME (acd ILE

M=/, FrLLZiLE (a) M (b) K=MMEA L. 7 =H Mg

Fe[FIR T, FRATTAA A0 A TH s R AR 50 SR B AT =Ml oy, Wi 1-2 s, 214

% (@) M (b) HEA =M EILER.

SR, O A= A o Bk LA R T R I (R TR = A A 7 R
S [RIAL) = A PR AT LR DUAMRE e 26—, WEURARANT H AR TR = A A% 35 5
oMt B, VTR HARTIR =M PR h =M IR 5=, RIEIEE

PRAN AR TR B J53 84T H R P2 3k 22 1 e 2 0/ = A A O e s SR, A=

AR R D o R H R = A0 2 WA AT DL D AR TR S (I R = A =

FATEATLH . SR AR RO 45 i R, AT 3RAT BE 407 1) = 1 XA A L5 41

HAT, R =505 % WS TEA AN A FR 4B 5 (Steiner 5. B0
SAEREE . BUR TR R R R A . A SO A 2 B =) 2 S0 AR R
TEIR= A PIRE S8 518 FH S T BE NI 1) Jm) 350 S-SR UL TG B0 79242 B H AR TR = A A

1

\EPr

’E
l‘]



S IR v o3 [ = S 1) 7

1, BURILE BARAR =M, TSRS = o R = A 1 0 R A

b b’

a
a C

(a) (b)
B 1-1 JEFRMARI =M
b b’

a C

(a) (b)
B 1-2 FIHHI=5 P

1.2 Fa=/A%5NE

(Al H = A1 P M e i s R AE THSEN LR 22 . CAD- B AT 4 5 5 T o
CG (Computer Graphics) ZhHi T EHLELERIR, I8 P E RS S i
W, RGN, CG hEBIARAWiEm, AR =4Ezhm . =4EvH AL
AR R 2 ORI 2257l e A BT SRR (4453 2) Bk
HLEE A B FLIK ) SHE R B2 i, JA TR ZIME 2 21 CG S5 i KiK.
HLES (DrH R 3 1) A58 4 SCE AT SER Ll R R IR 28— B LR, HLRA
THCPHERIE AT B T BE 22, NahE RS IT R T — DR R T ).

2



Fom ik

2005 AR ATRYIERR (RS ES) FEAELRASE . AWZR20E SR, SikE
DI EHIAES 2] 7 IR B (I, LRSI W= 2 T CG LR /T -
CG BARF St MR il 7l R 8 — 1 45, JFe T ZRn 4
W=

(a) (b) (c)
& 1-3 CGEImEARNMA (BHAREME), (a) CGCRARMATFIHENIF
%, (b) CGHEARNMATFFIEES, (c) CCHANATEFAHE

ITE CG BARTE@ I L m (. PN EFURE L, IWSCEE
S L T 2% i 1 R ) S AR, 3] 20 1H 20 80 AR AR FH T S ML 4 S 37 1 11
AR VI, R 90 EARMESE AR, KEFIMARFAZES VR
ARIFEE BRI G, JF HisEEE A O,

Morphing ) {4y T L ah i i B B —, B2 B E. BIE
WIAEIIRAL S (Shape Blending) B35 JEIRHE{E (Shape Interpolation), 7E4:5E
AL BTG, AT AR EES T 2 KRR . Morphing (48
T Ad FITHS LR 2 A J U b B A5 SRR S sh |l . 1] 1-4 /2 — D RTEY
B, B H 2R B B R R

(a) ) © 0
B 14 B REN SR ERET, () EEHTHE, () EEERE

ARFEA AT FCA 22 LA B8 SR IR AR A 72K 10 T UG P 5% 28 A0 T A
3



S IR v o3 [ = S 1) 7

PR R RO B, Bt ALl P R IEH AL AR, [ IR A5 e fa] IR
LT SRALIETHSE LB P s B A OB IT,  A FHT A 7 ik A i ]
R JE R T WOE SRR RO SE L 1 B A ROR » A 5B PP AR AN AR B 5%
PRUER I, X TR DA RE AT RE &7 EBOR A FIPEOY, LRI —
A AR BAT DU R =R R 50— DR AR R A fe B i R
FIRETE s B8 AR A AR RS R L8 N2 R R s S =2
AT RE AR A EEAL R I A . R = A1 AR 2 A 1K) B 220, A
R FA T 18 [ B A

AR 1) L e DR 1) SR A7 2R 2R R B AR AN H AR IR, A3 IR IR A2
PBR AR IE — 2R ELER, [ P IR IO 4 B 21 F AR AR IO K R O o S B
AL o BARFATSR AL AIRALIRAT H ARG — X oy S IR, R £
A BB RITE O, — R IR — T, EE S L B AL SO,
FERMLIRZR R, RIEAGH, REFINERAEHE, & 1-5 LR
I, (@) HRGARA BT, RRsm S I T TRGRAIIIBEL ", (b) i
BUNS

4
P N\
s N v/, S
I! \ ‘/ / \ \ |‘ —
[ oA ) / | ™ | \ \ \,
I ~ | ,’//vL \ O3 ‘ v | Ve
(/o [‘ /J |I \‘u ¢ W0 A \ I‘| NIAN 1) ‘ﬂl N "|,\‘
VPN G\ D) NS ,"JMJ‘ ) I\U | i
O e ) UVy= & ) ud
(a)
2 o o o . a ® 0
@ § o) ﬁe_a ® 0]
] e 1
‘o) &)
¥ O ) O <) O ) 0 ) 0 o @
souirce target

& 1-5 F ST S ER RIS

AL ST AR T B T A% 10 I 7 DR 30 4 8 v 2 A o) v ks B AS AT AR
HR T AR R T LARTAREAE | o IAEAR 22 7 V5T A Rl R - T RE A3 BN HE (R, 41
U1 Sederberg ™ A1 Shapira ™' $7 H #0515 o SR M0 HUA 18 FH TR AG) = #3543 O A HEAT AR T
A RE R B B AT P IRIEAR T R AE, AR SORE B SURE 58 ] AF Bl s o 52 1) 7))

4



=FAEI5 PR

1. 3 ERSMARITR

1. 3.1 Fa=/EHE49

AT 10 [F) R4 = 13500 43 D7 1593 B B« B8 — Bl KR IR AN H AR TR B 4% 40 3]
AN, B R AR A BN AL AR AN B R AR B BB IAREE A
REN =R Aronov ™ S N\ AEFH — AN B 2 A R R = A . B TR
PN = A1 RS SR IIN KR Y Steiner s5 A0 0] LLGIE — AR BE AR, MY
/51N Steiner 5, Alexa ™% A\ {i fil 7 Delaunay = 14} . Kranakis Al Urrutia™
PEHETAR Z LTG0 H AR AR 2 107 2 A= AR T AL I T 80 7T LASE A Steiner a5
R, Wt 2t HeEm i Steiner sUECRE . BRI H I
X EETTVE RS AR R AR L FJd/b Steiner s 4R, (H 23X LU 535 1 g 2> 3 31 Steiner
MHIEZ R b, 3 KT 200805, S nT e A5 B AU b,
X BT VEAE S E B AMB T, EAT AR EAR m TN (R R, XTI
ST MNP BLE

Gupta £ Wenger {8 H 53 1111 ¥4 2 I 7R3 AR MAEIE IR 2 10 7 A0 B TR 2
IR EIREZ AT 20, SRR AR B 755l MRZADERT Steiner 53, SR
AT VR ANIE F T TS AR DI 2 30 . £E Suri ' J7 vk R Ak I Surazhsky F
Gotsman"'#ET 1 B LR, @4k T Gupta A1 Wenger' ({51, I HigsE 7 H
MR EHGREE N, XM R = A H 0 7k AT E G N8R Steiner st fg
6 AR P 2 v = A 350 40 RS A S . 2009 4F Baxter 25 N7 S 3k MY BERE IR 42
HrOT R A L 2R Surazhsky AT Gotsman ' it 5203 R R 23 EYE TR AL H
PR o R AR T SR B2 42 D7 VR (K038 E L Surazhsky AT Gotsman ™ frgHl, {H
K =AIBE 2 . Liu 2 N B R0 vk i [\ R = ) o W%,
SRR TEARFN B ARTER [F R 1 43 B R — R AN 23T, SR 5 SRR ATEAR B
Fri#E4T Delaunay =307y, 5 4 F Floater ¥{H A8 bk it B B O 48R, FFF]H
O ARG TR = A XA 1) T st Bt 3800 H B TR, 88 %o DA = A 351 7 DX e 3
ATARAL, BRRESRASHLT B A = A PG o (BRI T — SRR AN H AR TR 22 7 8%

RIGFFRB T, 2T FA RN R 2 B = . RS )
5



S IR v o3 [ = S 1) 7

N T RE=MMEE R, BORK=AEEHE . AR, (81542 R
FE) = A1 70 0 A AR B P A TR R v BN I 8 o FRATIAE RS mT BRI 1) =3 0
PRI UTRC 77V SR HHVRRARAN B AR TEAR (IR0 = A 300 43 U, JEINNEE T H A%
= A PRSI0 WS B AL PRI A T VR AN TR AT H AR T PO B = A T T AR
JRAEAMEERIPUA TS, TR 3R A5 = R R =M PR AT S R 2 AP IR
S, WHGEIEIRAT B AR IRHE T S 55—, RASBETRIR= I, =,
FEVFICR I = 1 WA (10320 57 T S5 21 H AR L S8 R I 2 R Rl eI 1
JRy FS B DGR PR 7 R R TR = A A% P T P O s WS 1) H AR TR N s 2R DY
At B b IR =F R #%

1.3.2 FEERTH

ST AR AR @ L 43 TS DC S T s A B i Y . H Al
O TAER KT HATARIAS AT . 2000 4F, Alexa &5 N3 T R REMREF =
FOCRIMETC A 71, 43 T A B 07 S RE B (1 e e 5 i 7 i, XA AR A T A o
T4 o T ekt 4B i B Fu™ A Baxter ™ 45 \t3#E4T T M9G8 . 2006 48,
Dong Xu % N "2 H T R FIHAA T BRI 3D A5 J5ik, X R OT VA RE S PR A i AL
W R IITARAE T o B AL T WIS AR 7532, BT AR ARAE 7 sk . T
Jiede oy B AN B 58  IX AR A F A 45 SR R AT iR o O T IR HMNX BN/, 2008 4 Baxter
s N T SE 20 RS 7y & K U725 . Sumner A Popovic #2 H T #E 3D = £
WA AZ T H bs 3D = A WA ) 7 ik, SRTIABATT (9 B2 IR 38 FH T AH T A YRS AL R
HAREAL . Li 25 N4 Hermite 4 {8 42 H 1 fe 86 B T FEAR BT () Cubic H{H
Ak, Surazhsky 5 NN T RE G AR IR U BAR A O L, B T AR
Jiid, AHGRBEVER RN BHETR 2 TR B bR TR 2 01 0 2R A% N £ 1
TE . X ME I IEAS 2 BT A ) 14T R A2 - 2D TR A8 TR AR A — L6 75 3%, 491l 41 Chao™
Bao"” Al Hu"" % A (56 F PR IA4f (7772 Chen S5 N2 AR 5 R B T
FEAREHE . FHM&E MR . Lipman™. Sheffer™ Al Xu'"™2 NIRH! T FE T a2k
PRIGAEAE 7%, BT IX SeAdi 7 15 R 72 o 3 SR BR i B F B/ —aRvE SR il — A~ 4
JRy BRI, BT LAAS B4 ] o (R TEEHR P =5 s L

TR R R AR 53— P78 /. 2002 4F, Jiang 55 A\ it A
TR 7 Bk R R i 26 - Srivastava 25 NN IIZE BT AT 5] N T PO iRiE

6



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

