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Research Progress on Mesh Parameterization

GUO Feng-Hua, ZHANG Cai-Ming, JIAO Wen-Jiang

(School of Computer Science and Technology, Shandong University, Ji’nan 250101, China)

Abstract: Mesh parameterization is a powerful computer graphics and geometry processing tool with applications on numerous
computer graphics. In this paper, a survey of recent advances in mesh parameterization is presented. This survey reviews different
techniques, classifying them based on parameter domain usage and parameterization quality. Based on different parameter domain, it
discusses planar parameterization techniques, parameterization methods for domains such as simplicial complexes and spheres, as well as
methods for cross-parameterization between mesh surfaces. Based on different parameterization quality, it describes methods for
minimizing metric distortion, maintaining alignment to mesh features and improving domain simplicity. It summarizes the main ideas of
different techniques, discusses their core properties and compares some techniques to other techniques available. Also it presents a list of
open research problems that require further work. This survey aims to provide the readers with a comprehensive study of mesh
parameterization.

Key words: mesh parameterization; parameter domain; parameterization quality; bijective mapping; metric distortion
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Fig.2 Parameterization f], and its inverse mapping g|;*
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h T T L e R AR AR T FRAT T AR G5 TUART 1) A B R B 2 T B IR R p=fu,v) 4 w=(u, v) TSR 5 (Au,Av)
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Fig.3 SVD decomposition of the mapping f 2
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HuAE A A DX AD,) B A ) AR A )R A A2 SR (1] 5 2 MOTVE R BUE LR 1,38 1 LA T 2 R 5 4%
B Ly BB RE(L, B0 RE=1 RO TR EOMT A 1 AT LU SCER[ 1] SCRR[19,26,31,33] 28 T 22/, HE
SCHR[20] /22 FER IR — L.

Table 1 Comparison of L, stretch efficiency of the results obtained with parameterization

approach of Ref.[1], and a few ones reported by various parameterization approaches!'

RSR[5 A2 RO R4 B L, oAb B & gt
SCHRIL] SCHR[31] SCHR[19] SCHR[26] SCHR[20] SCHR[33]

Bunny 1.04 0.80 0.92 1.02 0.97

Horse 1.06 - — 1.11 1.03 -

Venus 1.03 - - - 1.02 -
David Head 1.06 0.76 0.90 — — —

SCHR[1]5 SCER2710 B n ) 7 s (FE 0 — AT v, 70 300 J3 1 T AR T PR 5, 4 300 1% 6 45 B 48 T (isometric
distortion) 2 . el o7 5 SR THI AR AR JE (A YE 1 log1/2(H5 €)% log2(4Lf0); B R L BT 4 0(Hs
)] 0.5(L0 )P SCBR[ 11 3 35 /M TR RS T (H 2 3k i 88 17 A J3E 1 SCHR (2715 2 1y T 2 T A0 5
A5 T8 0 b SCRR[ 12/, 35 FLSCHR[27]5 1 16 T B AR T 4 rp A 47 5 ol b

Fig.7 Upper row: The parameterization results of Ref.[1], lower row: Parameterization results of Ref.[27]1”
Bl 7 AT SCHROU IR B0 45 9, N T — A7 2 SCHR[271 5075 453 B0 1) &5 1T
B WU ks AL DU FAAE T 38 1 v 5 4 (R 05 T8, BE 6 D8 B S 40 I A 1 3 400G 28, 91 BLAE LA L 5 540 W A 3
AL 5 2 B T 350 /N OV B 199 s 2 M 1) 21 82 TR R A 38— A R 52 I 2 SR 1 356 o
2.3 BKEE

BRI @ 1 8 k.

SCHR[8] SCHR[34]

Fig.8 Spherical parameterization

K8 Bkl 2 i
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SR WU s B 5 AT T AR 7 28R T A O T 73 SR 21 18 100 9 T 30 B B (o Bkt B o T
Vo288 T, SCHIR[8TKF Joc /N Az A (streteh)! 7 s SCA™ g 281 3R T 35k, 40 e BR T R A 13 2 H b
SCHR[8]5 SCHR[ 1915 ¥ M LE A WA 2(SCHR[8 LB T A1 24y v 1) 42 K5 1o A i 10 2 B dk 1) — 4> J Ui A L STk
(1O T4 KE o4 A 1 1T 2 KAk ) )\ A L), A3 2 AT LU, SCHIR[19] B SCRR[815EVE 51k ¥ A2 T /).
Table 2 Comparison of L, stretch efficiency of the results obtained with
spherical parametrization Ref.[8] and Ref.[19]"')
F 2 SCHR[19)5 SCHRIS) VA 2] Ly B i LE A1)

Venus  Bunny  Gargoyle Armadillo Horse Cow  Tyrannosaurus
SCHR[8]  0.943  0.706 0.643 0.454 0.363  0.405 0.360
SCHR[19]  0.947  0.717 0.679 0.528 0.398  0.440 0.428

BRI EAE A7k 0 8 P i AR TS 11 2 H0 4 R0 2 P ks 2 450, 3K T 2 40k T 52 0 15 23X 2 [N
R BRI S 3040 7 A 1) 28 TR A1 B B I LBk 2 £ LG 1 2 50 N A
24 XXBHK
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LI T8 53R 1) TS 5 A B 5 Y (10 77 9 42 X T 199 A 3 A7 4 TRT 45 30 96 2 88080, 81 - Praun. 288 U0 3 4 g
R A 5 MR AE I SEREAE 552 TR R Lo A N A a3 B R AN = A TR I I R AN = A TR AR T
5 H P 45 8 RSN 2 S0 B, T R 0 45 A0 A0S R SRR 2 00888 1) T A5 SCR[19,44 13— 28 97 i T SCik[4311)
SR TERI 2> = A TR R 16 RIS B 3 A2 B RR Z B0el, A — 28 07 VAR HI DU L% 1t J 4 b A 3L 2 Hueh X 8
J5 V2 B R HEFE T o) R DU T A R G T S % P a2 B R A g DX 3, IR T A DA TR B s R KR 2 T A ST AT (2)
BAANTHT 1) e S 35 22 1T B 45 70 4G WS vh Bl 30K, 2 B0 i 1 T () 190 e 59 A5 AR DR IR 225(3) T < T AR 3 ik
32 8, DR I A A T i R o ) 45 s A B,
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(a) 5P A% AR (b) H s o A% A3 (o) MES ik (d) VAT H b AR R A5 2 A 2R

Fig.9 Cross parameterization*”
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2 DRI (DR £ B2 B 2 B0k, 45 21 it 18142 T 1) R 5 280 R B8 AN i, 3 R DA 328 T8 R IR Rl 255 i AN [R] £ 2, SCHR
(471 EVE HE SCBR[44] T VA EE RO HoE W3R 3.
Table 3 Performance comparison between Ref.[44] and Ref.[47]1*"!
R 3 SCHR[44) 500 5 SRR [AT) SV IN A LE A5

I A I 7 5 Fric i SCER[44]  SCRR[47]
lion/cat 9996/14410 18 105 # 45 b
lion/cat 9996/14410 63 15 % 33 #
lion/cat 29988/43230 63 >2 /i 251
lion/cat 29988/43230 80 KM 242

lion/camel 9996/19536 18 44y 69 &
cube/bumpy sphere 12288/11444 8 49 84 b
Venus/Planck 16532/20043 27 10 4y 126

WA SRS BRI BAT AN R 4 40 A5 M AL 2 ) R S 49 G- Zhang 2 N PO R IV 2 AR f o — o
HEKE TRT 2 A TR, A T B R L AT 10 S 800k, B SR A 0 A B — R B I THI Y ;Benmett: 55 A5 A — A4
BIJUR (R R AE X HE T 28,0 05 & SUVEF P R0 40 S5 M 18k Ui 25 N0 T — AN (pants) 2 i 7 5, HE 460
BT I — AR UM 7 B 44 1 92 B ORI 3 43 50F o O FAO T 2 e A N2 AR A% 1 I AR 31 9
FRIER) 7S Fi T3, A0 PT LAASH 380 P A2 2 T ) — — R 53,12 7 3k T DA RN ] 75 4% 1) J LT A 2.

A X Z A AR A W] G b 5 02 B IS A [R)RE B2 (AT AR T A T 92 A8 T, SCHR [4415K B 4% % A2 55
“F(flipping path operator)FH 3 T-#2 5t [ 1 15 55 1 (relaxtion-based smoothing operator)yi >3 X Z KL TE . 24 &
fiz i (anchor point) 73 Aii AN E5 55 I A8 T UCARAR KR B A2 50 1 R e R HE A T A 2 S B PRI 1, 5 S 5 T i B
AN 25 16 T B 2 B 1 B (A B4R 42 5 A7 I 8 AR B0 ). SCTR[9] 1) £ K JE 2 25 258k (length-preserved  base
domain) i A0 532 T DA w38 i L, 122 55925 1 2 SR ] SCRIR (441 0 75 154 3 — A FE 2 8080 AR I 0 56 2 B kAT
DA BLA 0t 9 A8 X2 B oK R 3R T 2K B 5 SR (44140 BE, SCHR (9145 31 4 4z i 2k BB/ SCRR[191R T T
FABLSCHR[447 1) 5 125 K60 3 55 25 B0, O HLARK P13 o 38 20 SRORS DI A 9k 22 T2 SRR (48135 A8 Ak W st T i, LAy 20>
KR 7 A AR . SCHR[20135E 14 bR - b B0 1 5K 55 | TR0 Ak R BE B hr A8 S B i Lol VR e k-
R B H ik B RE B Eqr2"8E4T 7 LA, L3 4.

Table 4 Comparison between optimization metrics L, of Ref.[17]
and Green-Lagrange tensor (noted as Egg) of Ref.[20]12%
R4 PrAEE LTRSS TR AR-Pr ks 1 9k B (0 AR Ear0 H !

Buddha Bunny Cow Dinosaur Dragon Feline Horse Venus Rabbit

Ly Egr | Ly Egr | Ly Ecr | Ly Egr | Ly Egr | Ly Egr | Ly Egr | Ly Egr | Ly Egr
Lyfttk | 1.27 26.80|1.13 3.92 |1.11 3.07|1.07 1.55|126 13.78 [1.10 1.73|1.09 1.65|1.10 2.99 [ 1.12 3.00
Egr i€ | 1.18 1.56 [1.02 0.23[1.03 0.28|1.03 0.25(1.13 0.83 [1.02 0.22|1.03 0.22 (1.02 0.17|1.03 0.24
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g

R AR 9 AMBERL S R AT P AR e R ALAL, R Th bl AT R T Ly SR, N AT T Egr LA X AR AL
JTER N PIR I 3CE  S H At RSB A 2230 5 R T Ly FE A1 il A U8R Egr S5 0 L 3 LA R]
LAA 6 1P B MR AR S Er PRARAT IR CCIR R Ly R Egr ) AR ECR T Ly PEALAT 2RO H
A, SCHR[19,200 5 Ho A 77 9 i EEA L3R 1, 3CHR (201481 LA 7 vk h 5 DR I A T f /).

[5] 28% 3 3ot 2 b ik R i 3 — AN A LS UK S S 5L R AR A T AR i 2 RN 4L, N U,
SCRR[SOVIT At —Fofr fly T 2 ) ) I S W S B A 12 B AR SH Qi) 43 e AN, i B 10 FTon (B 10(a) F1E 10(b)H 2
A 7 00 7 A AR B A TR) 22 A T N AR (R 347 B AS ) B 10(c) /2 B 10() >R JH SCHR[ 5017 v 45 S i 45 3
I 10(d) 2 &1 10(b)R FH SCHR[50] /5 15 E1 1y 25 L. 1T 1] (0 e S 47 (5 7 45 58 1 FH /b Bk B/ i b 77 468 100
G P% i T [0] £ B S WA R 4 B A R (¥ SO e B Lo PR A Y IR S 52 D SR ) e S0 AT D) R
Wb A PR AL SRR ).

(a) (b)

[50]

Fig.10 Seamless surface mappings
BI1O i T IR] ) JE 4 — g )
X ZHA R B N AEAE T AR AME S AT AR ADURR AR R 3 b 45 4 1A Rl 4 A BT A3 — GG i A LB 2
ol

3 ZHURE

T R PR 90 A% 2 ARV 2 1 AR R Al 199 2 A T 1R SCHR e T 1 FH 7 50, 30 6 L v R 2
0 5 0 A AR T (IR R T AR AR A ) ORAFAE . S 8O ] 9 25 23 N it E S8 49 X 3 28,50 A 44
SLWEFTILIR.

3.1 REE

PRAC B 1R 2 B0 Ak SR I gt ot A2 T 1R AL — A DX gt o T AN 9 A2 XA 2 o BRI A AT T 2% 8 55 — SR R 24 0,
U2 R A R B PR T AR 5 AR A BE A [, DA 488 i T 38107 THD 1) R A BB S AP TR, — S8 TAES I8 T IR A L 1
T BT, 1 SCRR[13,14,24,25,30,4 173847 — 46 T 4F 4 1 Sheffer 25 AUt T 36+ 41 £ )€ JTF 1) ABF(angle-
based flattening) /5 ¥2,1% 75 ¥ 1T UG A J2& £/ 1 Wi 1 5 — i s el 4L, 07 325 ) B oS0 A7 AR AL 8 A28 1), 5 Bt
FAR B JE ok, SCHR[51 13k T ABF K5 4 32t T ABF++;Zayer 25 AN POI% ABF 5 i AT 42 i A, B 35
PR T VR ROR TR 9> A AR T s R TI AR ST T AR 22 Y T A A ST AR T TR, 5 — RS AT
FI b 2 AR TR 1 41, Zou 285 N P2IHE H — i) AR DA AR T B 1) 2 B4k vk, % 7 VR I i s e T AN IE S B K1
ST SCHR (320000 55 IR SR 11 3@ 0 11 SR LAY/ 2 B T AR AR T, 5 08 A e S 1R/ 14 B a3 A B, TR T A
FEI IR ST 1 B AR R, T A — 5 5 B i e Athy 1 249 o 4 A S B 12 P P 22 SREIHT 2 140 7 46, 480 G SCRiR[1,53,541.08
— VR B T R B DR B AR, 1 A SCHR[17-20].(H 2 b TR SR P4k 1) @A A 7 2R S AR R 3R e T
VSR AR Liu 2 A PUSR o —Fh 5 v 0T DLAG 250kh B8 /b — b SABURS R-or B I A 0 ik 1 U O g Al 2 ek B 1 b 5, O
HABATHE B Earap BB R E0AT LULE £ A R IR o BP0 o1 0 iz ik i SR BR A T 0GE A T 54
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I8 285 [ A 10 DX o T, 5 FLAS BRI S i P 220 5 ok Miyles 25 NP7 ARAP 2304k 75 i S b 52 288 i i 4
JiE B — M 1) = 4E WA ML A4S ARAP 0] DL T4 )R S 800k A5 SCBR[27] 2 01,856 4 R S B L B A 55
BE A 22 SCHR[SS1E 75 AR KB 2 B AR AL B A, 1% 07 3R A IR i 6 R BlE 8 B2 SCRR[2 7188 A2 )il ARAP
SRk DRI, SCHR (55 BE 3 (4% e S5 R0 8 R S5 F) 4 J3 2 B4k, T v A4 30 1 25 P 3 oty 22 /8270 Sk (5515 S 1
S5 BE M55 SCHER[S61RN SCRR[S71AHA, B8 bk, SCRIR[27]45 SCHR[SSTHEAT T B b g i 11 o B 11 () A
L1(b) & PRHFAE 1K SCHR[551 77543 B I 45 R, 5 RS I R TE A S B B 1) E 11(d) /2 ¥ 25 R E (h B 1 &
WS T () SCHR 27 5 1545 B 25 0L 5 5 TE 1) 8 1 SR 20N Earap, ARG 08 D M (AR 7R TE N 0,41 (8
FTRASIE N 0.5, 5 (B 21 0 1 3 (0 R R AR FEAE 0~0.5 2 1), Hemh A7 B 2SR AR 75 5 A (cone singularities)”.
B 11 0] CUF ), SCHR[27] 0 SRR [S5]5 1R B S 56 R TE 2/,

[Ny

>}"

(b)

(d)

Fig.11

K11
A7 L6777 9550 ek IR A 5 a3k 2D 0 S B AR T T 0 T R o D R AR e S g R O R AT
St 0K HE AR TR ) v 407 ot AR A P AR X S AT P SR R e R B HEIR T S AT e 0 AR D 0, AR R S
Wrih 22 0. 55 BT il nT DAIE I IR T R A B GR AR, 1B1 G SCHR[S5-571,3% 3 Fh o7 v A8 FIAR IR (9 51 5 07 1) 3%, SC ik
[S6]L SCHR[S71HN SCHR[SSTHE N T A7 57 2, 98 1 25 BE A1 i % £ A 2 S5t th vy DT Job o IR 7 5 0 1 4 35 Ab B
73 30 S U 5] 41 SCHR[S8,60—62] #1577 199 A% 13k £ — 2y AR D HEIR AT 57 050 2 SR S04 1 IR A S LA B 3
A T e A A9 B Sk 53 % R Ay 5 LA S HEIR AT S e 8 7 RVHEIR 3T S s Ak ) v 0ty 2 SO [63,64 14t it 42 4R o

(651, FL A IS0 2 - A — 3 MR 77 5 00 1 2R ZC 001 TR R R 30 Ik — b SO SV S I A IR e 0 T L A
ARFT S s S N B B KR LI 3, 1 B T 75 400 H I HEIR A7 e AR s N, B R SR AR T 45 58 T B AL X 5 9 4
JBUE /D (IR BT 5 AR R B R A AT 5 s B H 8 2 % AR A T e T B R s, SCHR[2 714
T 11 s s T T Rt A A HEEER 3 S e, DA 0 T o T T S o2~ TR ) 4, 3 T b S MR 27 5 AR AR 1l 0 T S 1)
005t 4 it 20 AR TP 7R AL (R HEIR 37 S R b 00 DK 2 L 1D Ji 28 DO At oD TR T A 2% 5 2% L 101 T O SR PR 20 5
W& A, 5 T 215 B B AT BARAR B (1) S 50 SCHR[2 71801 55 R AE 5 55, SCHR[2817E 45 iE X 55 I 40 3R T 45l
AR B FF e BN IR ER AR T, I L SCHR[28]7E A b 3 T — AN vl i B8, BT DL o B R T 30 A S e
LR Z M AT

AT, SCIR[22,66]17E 7% 18 2 H Aot 00 [R] 15 B0y TR A8 78, Ho b SCHER[66 1% MIPS U7 v2: i BA sk, 78 MIPS

RABER E\,(J,) = G % st e T Z5 P fit 1 (isometric energy).
‘ 6, O

Eiso(Jp=aEu(Jp)t(1-a)Egu(J)),
Wt By () = %(det(Jf) +det( ) ") TEEH P B E N 0.5.0F HSCHR[66]5E X T PR AIZEHE AMIPS
(advanced MIPS)fE = PR T
E;/IIPS = Zexp(s “Ey),
E,, =Y exp(s-E,) =D exp(s-Ey +5-Ey,).
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g

X,
o ZUTFRXR AR _E A FT AT TR SR,
o s ANSE TG TR A s RN, W LPASBERE $ ds K HL i s ORI S 5 DR B E AR E .

iﬁl_ﬂiﬁnﬂc AMIPS ﬁ%% 1, Tuﬁxﬂﬂ]%JBﬁﬁEﬁ/ U\ﬁﬁﬁ%ﬂ%%y}’*%iﬁ%ﬁﬁ JF H AMIPS QH_VZL‘KT

mapping, f mi/\ LIM)[“% L\Ettiﬁaﬂulgl 12(l§] Hh B o 6 E’Jﬁﬁ%ﬂi}iﬂzhﬁﬂlﬂ,?éﬁr LIM #1 BDM J7 ¥~
A TR A5 B LT H AMIPS 7325 77 A2 1 s RHH 2 ) RT3 5 i rs; AMIPS 5 MIPS!'SL ABF++1 BDMI7VAI LIMI®)
F A B L 1) 13 (O € 2 B R A L R L AMITPS D732 72 A O 4 £ 0l ) e R AELIE B2 K FIER 6 BT AR K
FVR A FE 2 B ) 0 0 2 K 50 RS 33 o 214 e S 81 PR [ T 25 8080 AN ) Z AR TE T J5 A0 1 H A bR 5
A AR AERE 12 F13 5 1 :AMIPS /M E, ;i 7E BDM Al LIM J775H R Eapap 1E 0L B AR5 0T
SCHR[661% BDM J5 it b 5347 2 56 b BRI AR 1 w5 A~ B 5L, 43 & 5 Fa 9.

A5 FIE 12 W, 6™ =max{o,,., O} A2 SCHR[ ISR KIN BR L e Eg(FE AR 1.1 79%), i R 7
FAHSET 1,5% B 3 /ME 1A PEH M 5°° B &, 5% L Earap BB, TR Expap /S EAR G b 5 004 AR 6
5l 2 2 O AT O W F1 EHLINH 0" = 0, - oty JE 50, WV AL BTG A7 S AL A0 AH 55,00 57" 38 B dge /M 14 R 4L ith
JEE BEALHE 4 A BT A 70 3 I B R 22 (R R L)« P 28000 22 R BRUE 2, 53 T TCAE S s S G s O O O - I
12 F13% 5 AT LU Y, AMIPS 15 21 1) 45 F 47 F 5038 A MK+ BDM FI LIM J5v: & 12 FISC AR AL 36 1, AMIPS 4T
ORI T AR 3R S R, AMIPS 1 508 FE S gt HAF 201 o) i dw /D S5 IR K S EUL BB R A FE S B i B 2
N TR R R I T 46, 0 SR LR By T3 225 22 I A, IR B, SCRR[66]7ERT 1 000 YKIEARFRAMKES
Ak SR 5 SO AL Eyyps B8R P BDM Al LIM A0 AR VI PR A B8 5 Ec(PE LSS 1.1 719).38 6 it 3 41 %Ml
oy R S K A B . YR B LI LA RS AT B ) N 13 s 85 nT UE H il MIPS FA AR 5 /N 51
BRI ABF++FH I 55 2 0] 2 7 26 0 B K O 22 1o, 5 28 77 A I8 = A T n AV I 8, BDM. m] DUBR iz 411 ffy |
AR IXAS B R Sk £ 0, I3 BRSO 42, 3% e ALK 1 52 27,5F L BDM dge S I 1), LIM 7= 2E (1)
SEL L /S, AT 2 5 KL B 5,0 H LIM (9 k025 52 31 A% RS 15 I AMIPS . 5720 FLAT S50 1) 85 K AR 411 i A
T34 i, I B SO A KT ABF++

@‘%% @t%\«&

AMIPS

BDM(9)

BDM(5)
Fig.12 Isometric parameterizations of a Bunny head and Bimba using AMIPS, LIM and BDM!®®!
B 12 66 Tk FRBE 2R A Bimba 457843 51 % FH AMIPS,LIM Al BDM 75 ¥ 75 31 1 K JiE 5 3tk b 1)

Table 5 Isometric parameterizations of models using AMIPS, LIM and BDM!®¢]
%5 AMIPS,LIM 1 BDM Jy A 5 ¥ ff K 2 $ b L 510

B SOt i SO [Oil Time (5)
Bunny head(AMIPS) 3.89/2.57/0.56 5.92/3.23/0.97 2.21
Bunny head(BDM(5)) 18.18/3.64/2.08 5.00/3.74/0.87 47.87
Bunny head(BDM(9)) 8.97/2.84/1.14 9.02/4.62/2.01 43.15
Bunny head(LIM) 6.29/2.39/0.99 39.07/6.09/5.32 41.19
Bimba(AMIPS) 4.62/2.20/0.47 6.18/2.44/1.03 4.87
Bimba(BDM(5)) 7.83/2.59/1.10 5.00/3.32/1.12 106.48
Bimba(BDM(9)) 6.99/2.42/0.97 9.00/4.06/2.22 89.49
Bimba(LIM) 6.79/2.29/0.92 27.71/4.05/3.83 16.31
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A4
&
W
A

s

e ‘ : / & o W

Dino

Mmipst' ABF++P°1 BDM LIM AMIPS
Fig.13 Comparison among conformal parameterizations of models
using MIPS, ABF++, BDM, LIM and AMIPS!®®!
13 MIPS,ABF++BDM,LIM il AMIPS 75V {5 £ 5 H{ Lt 4516

Table 6 Comparison among conformal parameterizations using MIPS, ABF++, BDM, LIM and AMIPS!®®!
% 6 MIPS,ABF++BDM,LIM,AMIPS J5 i%: 53 S [ {1 1 2 H b Iy 12 e A 0]

MIPS ABF++ BDM LIM AMIPS
Tsis (4.99,121,7.87s) _ (2140.44,420,031s) _ (6.00,1.12,3.80s) (7.53,1.12,8.525) (4.51,1.09,2.19s)
Fandisk (19.47,1.23,11.96s)  (1983.90,2.65,0.38s)  (2.68,1.08,18.27s)  (2.39,1.07,2.07s) (2.08,1.04,2.055)
Male  (14.55,1.31,7.325)  (3996.92,4.32,0.30s) (41.98,1.64,12.385)  (69.00,1.47,5.225)  (12.75,1.28,1.21s)
Camel  (15.72,1.31,7.09s)  (1544.19,3.27,027s) (26.98,1.52,13.00s)  (26.21,1.33,4.03s)  (3.96,1.20,1.68s)
Bunny  (2.45,1.05,99.62s)  (33.53,1.02,5.085)  (1.42,1.02,313.26s)  (1.47,1.02,744.64s)  (1.41,1.02,22.10s)
Dino  (11.21,1.05,62.40s)  (153.89,1.04,6.71s)  (8.00,1.03,371.90s)  (29.26,1.03,230.39s)  (7.20,1.03,15.29s)

SCHR[22] H NG AR TE AN — W IS B, o0 T ORAIE R A8 B 5 o R AR TR AN B et v SR R I B 1k =
FATE SR B TS JRERESE R il 0 R PR EL E gpcion (VE LSS 1.1 )R 1L F7 B AS IR HY Ep. 5 AEE
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BT WU (R DA [, SCRR[22] A BRI S R TR, fo v Ot A2 S DL it sl s 45 R W, 0 T 43 31—
— WS TS I AL R AL S B AR TE R K e 7 R 14 FioR.R 7 SR T A FBAER ] E rion 5 AT
B ERA =S T8 R ZE TR KR Z (R ZE R /ME R 4.327, 15 B 32 01=03 WLE piciens WAF B /AME N 4),75 0
120 52 A AR T 35 0% 7 (M 33X 7 T O TR IR 47 78 DX Sl e IR A 00 ok S8 HH L SCHR[22] R B B AE T A T — A
A ¥ B B B B T 458 IO LI B A BE CRUE FR B 42 R B

Table 7 The average error and maximum error using isometric metric Egiciens With and without Ep

FT WL IL AR AR i I SR AL 1 5 BB E g FO HL B

[22]

Eefpici EopiicientE
I efficient efficient ™ LB
e Avg. Max Avg. Max

Cow 5.466 14.763 5.843 14.751
Camel 9.203 28.082 9.351 27.216
Triceratops 4.327 17.465 4.455 12.669
Horse 7.280 26.499 7.300 39.890
Head 10.081 75.904 10.097 33.357

Fig.14 Triceratops optimized with Egcje, 0n the left and Egcien, and Ep on the right[zz]
Kl 14 Triceratops B4 2510 R Eopoins A ATLRH Eprcien T Ep AL

3.2 1RYFE

Dong % A\ P Morse-Smale B G H T — i A= il DU 322 W0 b (10 520925, 308 3k WS 66 188 9% 3% 4% Laplace % B4 5011
W AR A My 3 DU 32 9 % 5 oK Huang 25 A9 J8 7 SCHR[33 100 5 6, Al AT T 16 7 925 A0 LA ol 47 53 s AV 5 454 Ray
25 NS T I 4 R S 50 (0 5 32, BB 2 AN IEAS R 3 L IR T —/NER 4 4 5t s b I Rl g v A6 3L
b DX 35K 1) 2 AN 4 SR S T 1% U VA IE AT T A IR SR T, 5 VR TR ik R TR R AR R P A SCHR[S 7152 SCik
[S61M¥1 8 K K 4 58 J7 W3 AE 2-UR TG 10 4 SO o L e il o — 7 ) g, WA T SEVR SE I, JF FLik /b 7 A = 0
Bommes 25 NPIEFHREAE 1 25 20 R HE T — A SRR T 1) (cross field), 48 i, 56T X R 3 10 51 S —A
A R S B AN ARATTHE T B T 1) 3 1 44 3 AR 4 Jo 2 B3040 1) U B 2 50 13 VR A ) T, ) s L RS TT g 5 A R AT
FFEMSE. S SCER27IA EE, an B 11 BroR, SCER[SS S AT BE PR FFREAE, 10 SCHR 271109 32 2 H b2 b B T8 ok
H AR R AR 5 K Myles 25 N804 X 3551 185 110 75 405 R4 TS It 5 8 F £ — 4 10 SCRR[ 70788 33 AR HE 48 v AN mf
U /M 2 B AR T3 fi 6 S5 ARG AE. B80T My les 5 NP2 1 — b s 1) 0 0F 55 5 R U 171 3% 1) 2 B4 098, 5
TR SR I TR T 1) 3% # 3 — ANTUR 1 DY T A% I 43 88 SRAG 50U 320 8 I s 1) &5 4 LA ORAIE A7 AE — A AR
SR AN, SR 5 A DU 3 1 S 380 R DX 88 R T 1 K i DY 0 T () a0 K e B ) 13 31— AN WU S 504k B R 1Y)
SR L SR AR AN ™ 2 A Ak 1) T A5 3. SCRR[29] B SCHR [55,67,71] B SR AR R 15 TR (| R
MIQ,BD,IGM F1 RGP 43 il & K FH SCHiR[29,55,67, 71115 2 1) 45 6 I B A58 R FH BD 7 745 B ) 5 — B IR
PR AE T AN ).

Liao 25 NVH4E 7 1 4z 3% 457307 Beltrami 51~ (Laplace-Beltrami operator, & /% LBO) i 45 4iE b8 Bk i o} 5%
SRR (0 2 5500k )5 10, 035 1 S8R LBO (K122 ANRFE R SR AN 7] JURE (6 45 R 5 E B8 5 b 3 — AN 32 45 4
REAE 24 5 (¥ T X B D5 1 3%, B e ARG X BR O 3 (K51 5 R R B 2. E RS SIS B T, 3 R
RV FIE B8 B340 vl AP Jol 412 420 4 000 48 A AR 0 L 35 il 3R 5 ¥ T ¥k G — S 41 AT S B2 A AT A R, T
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oK FURFAE B H 2 B0 RENE X S5 AR (R 7 i), G 17— SR B 0 T T AN B AN R TR

RGP
Fig.15 Examples of non-bijective parametrizations (inverted triangles shown in red) **!

15 e —— U S B B T (58S 10 = A T 40 6, 5 )12

I T VF 22 AT 10 PR i) 3, 060 R ) 3 S TEAS A A FE R b 283 0 R T3 1) 3 AN SRR 4 i) S oK,
Kovacs 45 N SCHR[SSTUEAT T ek, vl LG A8 %0 55« 45 1 SR 1 DU 320 T2 10 5 L 45 U740 SCHR[S 519 Jie
FUAR EAZ LR Ty 1) 37, 8 A6 B vk b~ 10 DY 1208 T8 3R AL AN 458 Panozzo % N5 A 4e 8 b e 2
XERRTT ) 3 R 90 Ji 5 R B O3 Tl 3 AN )& SR VRAR TEAZ S AR R A 2 bR S8 RE A8 7 74 2% i S MR AN AR 3 21 1 DY
TE WS (A L AN RENS 2 R 0] 7,38 B4 1) 4% 16 S 1k 70 28 20 (KD B R B, i B 16 s (B E ik T 14
% 70 3R (¥ AR 2 € /N R €K, 20 60 B0 0 € 1 2o 9 € 3 s TR /INAE A G A 2 )Y,

Fig.16 Comparison between uniform quadrangulation of Ref.[55] and anisotropic quadrangulation of Ref.[75]17"!

Bl 16 SCHR[SS17 245 2010 15950 VU 1% 90 A% 55 SCHR[ 75177 2245 50 0 45 16 51 1 DO 320 7% 9 s A EE A7)

PR AR T A 1) R K VYA SR T R R PR 2 R AR SCRIR[ 757 (1475 9545 21 1 Haursdorff 2 22 Lt
SCHR[SSTHR K J7vEAG 20/ Haursdorff 1 221K 20%. 84 1M, B¢ 7138 I AU bR 2037 (1388 22 — A AT P ek (4T 5% 7 22
AEFH P i N 55 AP o SRR (RT3 43 52 T A AL RS 240 S0 5 o 2R 37 (0~ 3 P A T A (1) 7 S5 i 22 i) A
S8 i N A0 SRR AL AR RN FH T B 4 RN AL B A AR JRE Y R T 1) 29 RO e S R 2R e R I AR A
JrE1 T B R T Z 0K, B 3 25 AR S5 v e 2 3 SN HE R, T BT LR T s Ak 240 R, L 2 T B
BESZ A b 447U e, SCRR[76 14 H T 7B 14 A il b 4470 10 7 105, TR0 A Y () b 48 (AT AR R 45 Tl ek L 7
T MK /N R AR Ay e R B 58 32 (¥ 0 R 77 1) 32, 2 SCAR 385 7 S A A N 3 T b o 55— A Sl A st A 2 g A\
PRI B R 2 R R 5 B AR AR 2 R R S AN R KR AR 5 [ 3249 B b5 2837 SCHR (76178 5 1 T2 ik
AL L HLAE =5 1 () 00 5, B 10 2% FE S — B 0 T 1022 2 T, Sl 35 8 0 17 Lo s 2837 1) SR 1, T LA S A e 2
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Fig.17 Comparison between the method of Ref.[76] and Ref.[75]17¢!
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(1 2401532 2 240 P9 L AR A S S 2R (R A 2 e 7 3 S0 B )™ . il AL 4 (0 P 00 I 8 AT 04 (K i
SPEVUL TR 53 7 A S AE IR R DU S0 2 ARG T P 18 i 7w (B M 320 2 B P A 32 R i N ol 5 7 A T
PRI S e T A AR I e L, R Ay 00 S VRSO 5 8 A N A 0  AT  P i Ebke 25 ATV
FEI3E T XK TS 16 S AL T XK TS 160 3 51 5 (K0 2 Btk A0 R B ol A7 Rt 30 ) 17 200 ARl P LA R 9 D SR R g e
P ECE AL, 78 PR B T o S L R 4R AL.

Fig.18 Comparison of well-behaved mesh and the mesh containing noise!””’
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[78]

Fig.19 Data-Driven interactive quadrangulation
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SCHR(78145 B Bl 28 VU I T8 81 23 1 75 A0 B, K 22 H0 8 3 A2 I TR il 23 i R O T — AN e = 07 1 3,
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ST 1 VY3 T W0 R AR R (E B0 /D SCRFE, B A (K B B 20 BTz ) AR B, SCHR[78) e F SR KT
TS5 DY T 1 ¥ SCREAIL, FT LA B 15 1 A 20 1 A0 A AT ) BRAR DU S 70 P M, 2 P 20 s

Fig.20 A comparison between quadrangulations proposed by Ref.[55] on the left and Ref.[78] on the right!"®]
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Fig.22 Comparison of simple domains obtained by different methods™”
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Fig.23 Quad layout induced by dual loops!™¥
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Table 8 Patch numbers of parameter domains proposed by different methods

F8 YIRS HURI T

[71]

7 $oE
1]

B SCHR[84] SCHR[71]
BOTLO 221 175
BLOCK 76 76

GUY 168 55

ELK 86 62

ROCKETARM 115 74
FERTILITY 98 117

ESRVE 2 U5 1 SR B TR B S RO ) 5 K 5 A A T £ T T SCRIR[87] 3 e R A S By L AT
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H AR SR S0, AN W A6 5 R A7 B 5 SCHR[23] EL A, SCRR[8 71 AT B 1) JL AT G B, i P 25 3R 9 s,
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1
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> Hconfor

Fig.24 Given a rough layout graph (top), the output of the method of Ref.[87] (bottom)!*”]

24 R SEST RN, R I L SCRR[87] 5 VA I i

© PEBEERKEFIFEU  hapy/ www. jos. org. cn



130 Journal of Software M3 4R Vol.27, No.1, January 2016

Fig.25 Comparison of the method proposed by Ref.[23] (red) and Ref.[87] (green)*”?
Bl 25 SCHR[23](Z062) 5 SCHR 8 7](4k ) iy LA
Table 9 Comparison of conformal energy E,,,s,- obtained by Ref.[23] and Ref.[87]57)
R 9 SCHR[87]5 SCHR[23]5 1543 U E onpor T S0 B 1L LLERET)

- Econfor

R SCIR[87] k(23]
TRIHOLE 2.047 2.026
ROCKERARM 2.069 2.085
FERTILITY 2.049 2.066
BLOCK 2013 2.022
ELK 2.065 2.106
BOTIJO 2.060 2.074
ELEPHANT 2.145 2.109

RAGSI A RR WP 22 Frow) B3 B0 7 VI AT & 1 B0, U T AR G AL R RO B2 B
BT IRATAE AR — 5 1) Jay PR A A AN il 4 T A 2% 1) 45 W B0, Tt N T 7 VR B B A %, D e, SCHR[86 1R I AS B 7 X%
YL AT R,

Campen %5 A\ 51 AXH T (dual strip) IAES:, QB 21 7, 3o 87 & 2 AT 56 B IR AR B, AR B 2 BLoe
T4 323 JE At Jai 00 ¥ b &5 84 AF R RTHB ER 5 Z LA RS AN G 5 A8 B0 A8 0. T HL 8 B 43 R 3 5 T B
AT BRGNS DY TR, 3% 26 J) 350 41 Mk AT 4 J) 45 4, T DY 320 T 11 v A JR) 7 BEAR TR 4 JR) 45 R R A1E. 3C
R[S 4 Jai 2R % & R FH 6B 4 2 (dual strip weaving) 55 i 7] P9 BT DA/ ) H K& 14 DY 328 T 1 A, B A T A2 |
VI R B e PR 2 SR S U A R TR ) e

4 HivSHk

SR AT () 4 B 2 B VR AT B Rt He 25 AU LR SCBRI2 1] B ARAP 7 3 I #1040 43 il i
Z 304 SCHR (88K SCHR[S5110 7 VA Jie 2R L G 52 R 52 P P A T L ol .4 00 e 0L 2 A 70 v 0 0 A 45 3
T G ek 22 1) K UL A B, R P 4530 oL SRS R S 80— A 2 MO, DU 30 I e T DU B A 2 B
FORFEAS 2, 2 A 45 SR AT LUR T DU 30 19046 ) A S S B I S 5 A5 TR 7 R0 W P AN R (L 2 7 A KR
I 2 5t ot AN B2 SCHR[89T KT SCHR[S 71N LAY Fig 42t T — Pl M7\ 8 42 )= 2 5 vk, i il 26 s (e
102 ATIL GO, S A AT T = SR AN T8 A% T LA SURE S 45

[89]

Fig.26 Hexagonal global parameterization

K26 AILTBA RS HLE)

© PEFEERK IR s/ www. jos. org. cn



RRUAE 5 AR S AL AT R 131

g

5 HRIE

AN SL T FEN S BN 2 A 5 P A T TR A 24 9 s 2 B AR O ST BIR B A 4 T R IR R (1 32 2
RELTHR BRSSO 1 3 SR, JF X b — 287595 5 St 7 i AT T LRAL W LR MM S HU DR U T
(1 2R BRI BB A ARAFAE G L0 i 1) L

o HE G EARG F A N B A3 B — — WU 1 WA 2 B0 P2 31— S 0 g i, ] £

B — WS R 2R I IR 2 B0 Y AR KRR J8E L AT AR — A o R

o TR 1 W 2 M Ak T B AL S B e R, e BN T R RS B SRR R AT = A

7= AT A Jo, AL = S DA 11 3 7= A B AR R KL T A1 R AR 82— R B ok p s ),

o ZJiAS Ml (polycube parameterization) R H 2 37 U5 A Z B, R — SRR IR (K 42 SR S B A U7 k.

PR VA SUB W S AR A5 L3 W] DA Rl oA DU 30 A% BRI R B T 2 R T2 ALy
PR U AR 1 B s 11 3 T R 1 22 5707 1 2 500, 15 AR — A T I £ o i )

W% S B I AT — S8 T ) B 2B RIS, AR R AT RE AT 5 5 170 ol A R LA

o MR

HWHAET, RN SHH LR AL SHIRE RS &0 T PR m S B,
H T SRR R AN T J g T, AN T RE A B DR FEE 11 2 KAt DR R A 0 — RS 20 AT S R AR AT B B T F R
H ol DR A B S 80 07 . 2 B S AT OR B 32 7 1k — 20 2% R 6 R 2 I i 3 2% ) 249 RN 3R A3 77
RORLRINZ B 7k O 73R4 1 502 B0, it B4R TH T A 25 B0 11 I o e R i) e, 3 5 o P07 R R
W LR 2 B AR TR T T AE 2 8068 10 W e 5, DR b 85 S0 5 7 e e PR IS T iV 22 5500 T ] PR S 80
(K077 3 BT = Sy W R 191 30 7 AR T A Je (ER, B 3 75 3 RAT — 8 1) Jmy R M AR AR AN RE AR B 52 % 1) 54 AE
T LR A RAEAE S Mk BTN BT TR, AR G R ek BT N B3 AR R R K B S e
ria FIAATTIR v SCRNRA 206, T ) BN T 1038 R AR 48 Se v P T T4l A (B T T A i R T AE I,
I FLAE Dyt DAL b o B 09F 5 i 2000 A2 T B S AL T A1 Jd 1R 75 5.

o fE:AE

—J7 i, H AT R > S BT VR RS DRAIE SR 8 A R — — W LAt — S8 R A i N AL AR R
A APRAIE — RS 55— 7 T, H BT 2 B IR AR B B A PR BT R L X BOT . I K 2 KA AL,
ESEBr B PR AEAEANSE &y 5 A7 MR IR 10 i A\ A G L o 24 (1 2 B vk

o HUFALES.

SHACIVEZ H AR T A BELIS IR A B 2 B BRI 5 20K 2 80tk 5 BHATE ST (10 3Ll — L2 45U
BRI P« NI HC R R G A% A QI I 8 QU () — SE R 20 THEAD 40 SEARLLRAT 2 T #8219 T
R, T 0 R R P38 7 T S AR () S R B AR 1 N3 LA b 4558 o >R, T fi 5 S0 K e ),

References:

[1] Pietroni N, Tarini M, Cignoni P. Almost isometric mesh parameterization through abstract domains. IEEE Trans. on Visualization
and Computer Graphics, 2010,16(4):621-635. [doi: 10.1109/TVCG.2009.96]

[2] Hormann K, Lévy B, Sheffer A. Mesh parameterization: Theory and practice. In: Proc. of the SIGGRAPH Asia 2008 ACM
SIGGRAPH ASIA 2008 Courses. New York: ACM Press, 2008. 12:1-12:87. [doi: 10.1145/1508044.1508091]

[3] Sheffer A, Praun E, Rose K. Mesh parameterization methods and their applications. Foundations and Trends in Computer Graphics
and Vision, 2006,2(2):105-171. [doi: 10.1561/0600000011]

[4] Leévy B. Constrained texture mapping for polygonal meshes. In: Proc. of the ACM SIGGRAPH 2001. Los Angeles: ACM Press,
2001. 417-424. [doi: 10.1145/383259.383308]

[5] Biermann H, Martin I, Bernardini F, Zorin D. Cut-and-Paste editing of multiresolution surfaces. ACM Trans. on Graphics, 2002,
21(3):312-321. [doi: 10.1145/566654.566583]

© PEBEBPHIFST  hip:/www, jos. org. cn



132 Journal of Software #AF3# Vol.27, No.1, January 2016

[6] Sheffer A, Sturler E. Parameterization of faceted surfaces for meshing using angle-based flattening. Engineering with Computers,
2001,17(3):326-337. [doi: 10.1007/PL00013391]
[7] Lévy B. Dual domain extrapolation. ACM Trans. on Graphics, 2003,22(3):364-369. [doi: 10.1145/882262.882277]
[8] Praun E, Hoppe H. Spherical parametrization and remeshing. ACM Trans. on Graphics, 2003,22(3):340-349. [doi: 10.1145/
1201775.882274]
[9] Kwok T, Zhang Y, Wang C. Efficient optimization of common base domains for cross parameterization. IEEE Trans. on
Visualization and Computer Graphics, 2012,18(10):1678-1692. [doi: 10.1109/TVCG.2011.115]
[10] Hu SM, Yang YL, Lai YK. Research progress of digital geometry processing. Chinese Journal of Computers, 2009,32(8):1-8 (in
Chinese with English abstract).
[11] He L, Schaefer S, Hormann K. Parameterizing subdivision surfaces. ACM Trans. on Graphics, 2010,29(4):120:1-120:6. [doi:
10.1145/1778765.1778857]
[12] Eck M, Derose T, Duchamp T. Multiresolution analysis of arbitrary meshes. In: Proc. of the ACM SIGGRAPH. ACM Press, 1995.
173-182. [doi: 10.1145/218380.218440]
[13] Desbrun M, Meyer M, Alliez P. Intrinsic parameterizations of surface meshes. Computer Graphics Forum, 2002,21(2):209-218.
[doi: 10.1111/1467-8659.00580]
[14] Lévy B, Petitjean S, Ray N, Maillot J. Least squares conformal maps for automatic texture atlas generation. ACM Trans. on
Graphics, 2002,21(3):362-371. [doi: 10.1145/566654.566590]
[15] Hormann K, Greiner G. MIPS: An efficient global parametrization method. In: Laurent PJ, Sablonniere P, Schumaker LL, eds. Proc.
of the Curve and Surface Design. Nashville: Vanderbil University Press, 2000. 153-162.
[16] Maillot J, Yahia H, Verroust A. Interactive texture mapping. In: Proc. of the ACM SIGGRAPH’93. ACM Press, 1993. 27-34. [doi:
10.1145/166117.166120]
[17] Sander P, Snyder J, Gortler S, Hoppe H. Texture mapping progressive meshes. In: Proc. of the ACM SIGGRAPH. Los Angeles:
ACM Press, 2001. 409—-416. [doi: 10.1145/383259.383307]
[18] Sorkine O, Cohen-Or D, Goldenthal R, Lischinski D. Bounded-Distortion piecewise mesh parametric zation. In: Proc. of the IEEE
Visualization. Boston: IEEE Computer Society, 2002. 355-362. [doi: 10.1109/VISUAL.2002.1183795]
[19] Schreiner J, Asirvatham A, Praun E, Hoppe H. Inter-Surface mapping. ACM Trans. on Graphics, 2004,23(3):870-877. [doi:
10.1145/1186562.1015812]
[20] Zhang E, Mischaikow K, Turk G. Feature-Based surface parameterization and texture mapping. ACM Trans. on Graphics, 2005,
24(1):1-27. [doi: 10.1145/1037957.1037958]
[21] LiuL, Zhang L, Xu Y, Gotsman C, Gortler S. A local/global approach to mesh parameterization. Computer Graphics Forum, 2008,
27(5):1495-1504. [doi: 10.1111/j.1467-8659.2008.01290.x]
[22] Smith J, Schaefer S. Bijective parameterization with free boundaries. ACM Trans. on Graphics, 2015,34(4):70:1-70:9. [doi:
10.1145/2766947]
[23] Tarini M, Puppo E, Panozzo D, Pietroni N, Cignoni P. Simple quad domains for field aligned mesh parametrization. ACM Trans.
on Graphics, 2011,30(6):142:1-142:11. [doi: 10.1145/2024156.2024176]
[24] Floater M. Parameterization and smooth approximation of surface triangulations. Computer Aided Geometric Design, 1997,14(3):
231-250. [doi: 10.1016/S0167-8396(96)00031-3]
[25] Floater M. Mean value coordinates. Computer Aided Geometric Design, 2003,20(1):19-27. [doi: 10.1016/S0167-8396(03)00002-5]
[26] Zayer R, Lévy B, Seidel HP. Linear angle based parameterization. In: Proc. of the 5th Eurographics Symp. on Geometry Processing.
Barcelone: Eurographics Association, 2007. 135-141.
[27] Myles A, Zorin D. Global parametrization by incremental flattening. ACM Trans. on Graphics, 2012,31(4):109:1-109:11. [doi:
10.1145/2185520.2185605]
[28] Myles A, Zorin D. Controlled distortion constrained global parametrization. ACM Trans. on Graphics, 2013,32(4):105:1-105:14.
[doi: 10.1145/2461912.2461970]
[29] Myles A, Pietroni N, Zorin D. Robust field-aligned global parametrization. ACM Trans. on Graphics, 2014,33(4):135:1-135:14.
[doi: 10.1145/2601097.2601154]

© TEBREEEEIEDT  htp/ www. jos. org. cn



RRUAE 5 AR S AL AT R 133

g

[30] Lee A, Sweldens W, Schroder P, Cowsar L, Dobkin D. MAPS: Multiresolution adapative parameterization of surfaces. In: Proc. of
the ACM SIGGRAPH. ACM Press, 1998. 95-104. [doi: 10.1145/280814.280828]

[31] Khodakovsky A, Litke N, Schroder P. Globally smooth parameterizations with low distortion. ACM Trans. on Graphics, 2003,
22(3):350-357. [doi: 10.1145/882262.882275]

[32] Daniels J, Silva C, Cohen E. Semiregular quadrilateral-only remeshing from simplified base domains. Computer Graphics Forum,
2009,28(5):1427—-1435. [doi: 10.1111/j.1467-8659.2009.01519.x]

[33] Dong S, Bremer PT, Garland M, Pascucci V, Hart JC. Spectral surface quadrangulation. ACM Trans. on Graphics, 2006,25(3):
1057-1066. [doi: 10.1145/1141911.1141993]

[34] Zayer R, Roéssl C, Seidel HP. Curvilinear spherical parameterization. In: Proc. of the 2006 Int’l Conf. on Shape Modeling and
Applications (SMI 2006). IEEE Computer Society, 2006. 57—64. [doi: 10.1109/SMI.2006.9]

[35] Kobbelt L, Vorsatz J, Labisk U. A shrink wrapping approach to remeshing polygonal surfaces. Computer Graphics Forum, 1999,
18(3):119-129. [doi: 10.1111/1467-8659.00333]

[36] Alexa M. Merging polyhedral shapes with scattered features. The Visual Computer, 2000,16(1):26—37. [doi: 10.1007/PL00007211]

[37] Gotsman C, Gu X, Sheffer A. Fundamentals of spherical parameterization for 3D meshes. ACM Trans. on Graphics, 2003,22(3):
358-363. [doi: 10.1145/882262.882276]

[38] Yan HB, Hu SM. Convex combination spherical parameterization using spherical coordinates. Chinese Journal of Computers, 2005,
28(6):927-932 (in Chinese with English abstract).

[39] Gu X, Wang Y, Chan TF, Thompson PM, Yau ST. Genus zero surface conformal mapping and its application to brain surface
mapping. IEEE Trans. on Medical Imaging, 2004,23(7):949-958. [doi: 10.1109/TMI1.2004.831226]

[40] Haker S, Angenent S, Tannenbaum A, Kikinis R, Sapiro G, Halle M. Conformal surface parameterization for texture mapping.
IEEE Trans. on Visualization and Computer Graphics, 2000,6(2):181-189. [doi: 10.1109/2945.856998]

[41] Zhou K, Bao HJ, Shi JY. A unified framework for digital geometry processing. Chinese Journal of Computers, 2002,25(9):904-909
(in Chinese with English abstract).

[42] Alexa M. Recent advances in mesh morphing. Computer Graphics Forum, 2002,21(2):173-197. [doi: 10.1111/1467-8659.00575]

[43] Praun E, Sweldens W, Schroder P. Consistent mesh parameterizations. In: Proc. of the ACM SIGGRAPH 2001. Los Angeles: ACM
Press, 2001. 179—184. [doi: 10.1145/383259.383277]

[44] Kraevoy V, Sheffer A. Cross-Parameterization and compatible remeshing of 3D models. ACM Trans. on Graphics, 2004,23(3):
861-869. [doi: 10.1145/1015706.1015811]

[45] Allen B, Curless B, Popovic Z. The space of human body shapes: Reconstruction and parameterization from range scans. ACM
Trans. on Graphics, 2003,22(3):587-594. [doi: 10.1145/882262.882311]

[46] Sumner RW, Popovic J. Deformation transfer for triangle meshes. ACM Trans. on Graphics, 2004,23(3):399-405. [doi: 10.1145/
1015706.1015736]

[47] Wu H, Pan C, Zha H, Yang Q, Ma S. Partwise cross-parameterization via nonregular convex hull domains. IEEE Trans. on
Visualization and Computer Graphics, 2011,17(10):1531-1544. [doi: 10.1109 /TVCG.2010.231]

[48] Bennett J, Pascucci V, Joy K. A genus oblivious approach to cross parameterization. Computer Aided Geometric Design, 2008,
25(8):592-606. [doi: 10.1016/j.cagd.2008.06.003]

[49] Li X, Gu X, Qin H. Surface mapping using consistent pants decomposition. IEEE Trans. on Visualization and Computer Graphics,
2009,15(4):558-571. [doi: 10.1109/TVCG.2008.200]

[50] Aigerman N, Poranne R, Lipman Y. Seamless surface mappings. ACM Trans. on Graphics, 2015,34(4):72:1-72:13. [doi: 10.1145/
2766921]

[51] Sheffer A, Lévy B, Mogilnitsky M, Bogomyakov A. ABF++: Fast and robust angle based flattening. ACM Trans. on Graphics,
2005,24(2):311-330. [doi: 10.1145/1061347.1061354]

[52] Zou G, Hu J, Gu X, Hua J. Authalic parameterization of general surfaces using lie advection. IEEE Trans. on Visualization and
Computer Graphics, 2011,17(12):2005-2014. [doi: 10.1109/TVCG.2011.171]

[53] Tarini M, Hormann K, Cignoni P, Montani C. Polycube maps. ACM Trans. on Graphics, 2004,23(3):853-860. [doi: 10.1145/
1015706.1015810]

© TEBREEEEIEDT  htp/ www. jos. org. cn



134 Journal of Software #AF3# Vol.27, No.1, January 2016

[54] Dominitz A, Tannenbaum A. Texture mapping via optimal mass transport. IEEE Trans. on Visualization and Computer Graphics,
2010,16(3):419-433. [doi: 10.1109/TVCG.2009.64]

[55] Bommes D, Zimmer H, Kobbelt L. Mixed-Integer quadrangulation. ACM Trans. on Graphics, 2009,28(3):77:1-77:10. [doi:
10.1145/1576246.1531383]

[56] RayN, Li W, Lévy B, Sheffer A, Alliez P. Periodic global parameterization. ACM Trans. on Graphics, 2006,25(4):1460-1485. [doi:
10.1145/1183287.1183297]

[57] Kalberer F, Nieser M, Polthier K. QuadCover-Surface parameterization using branched coverings. Computer Graphics Forum, 2007,
26(3):375-384. [doi: 10.1111/j.1467-8659.2007.01060.x]

[58] Kharevych L, Springborn B, Schroder P. Discrete conformal mappings via circle patterns. ACM Trans. on Graphics, 2006,25(2):
412-438. [doi: 10.1145/1138450.1138461]

[59] Bommes D, Lévy B, Pietroni N, Puppo E, Silva C, Tarini M, Zorin D. Quad-Mesh generation and processing: A survey. Computer
Graphics Forum, 2013,32(6):51-76. [doi: 10.1111/cgf.12014]

[60] Ben-Chen M, Gotsman C, Bunin G. Conformal flattening by curvature prescription and metric scaling. Computer Graphics Forum,
2008,27(2):449-458. [doi: 10.1111/j.1467-8659.2008.01142.x]

[61] Yang YL, Kim J, Luo F, Hu SM, Gu X. Optimal surface parameterization using inverse curvature map. IEEE Trans. on
Visualization and Computer Graphics, 2008,14(5):1054—1066. [doi: 10.1109/TVCG.2008.54]

[62] Springborn B, Schroder P, Pinkall U. Conformal equivalence of triangle meshes. ACM Trans. on Graphics, 2008,27(3):77:1-77:11.
[doi: 10.1145/1360612.1360676]

[63] Jin M, Kim J, Luo F, Gu X. Discrete surface ricci flow. IEEE Trans. on Visualization and Computer Graphics, 2008,14(5):
1030-1043. [doi: 10.1109/TVCG.2008.57]

[64] Lai Y, Jin M, Xie X, He Y, Palacios J, Zhang E, Hu S, Gu X. Metric-Driven rosy field design and remeshing. IEEE Trans. on
Visualization and Computer Graphics, 2010,16(1):95-108. [doi: 10.1109/TVCG.2009.59]

[65] Gu X, Gortler S, Hoppe H. Geometry images. ACM Trans. on Graphics, 2002,21(3):355-361. [doi: 10.1145/566654.566589]

[66] Fu X, LiuY, Guo B. Computing locally injective mappings by advanced MIPS. ACM Trans. on Graphics, 2015,34(4):71:1-71:12.
[doi: 10.1145/2766938]

[67] Lipman Y. Bounded distortion mapping spaces for triangular meshes. ACM Trans. on Graphics, 2012,31(4):108:1-108:12. [doi:
10.1145/2185520.2185604]

[68] Schuller C, Kavan L, Panozzo D, Sorkine-Hornung O. Locally injective mappings. Computer Graphics Forum, 2013,32(5):125-135.
[doi: 10.1111/cgf.12179]

[69] Huang J, Zhang M, Ma J, Liu X, Kobbelt L, Bao H. Spectral quadrangulation with orientation and alignment control. ACM Trans.
on Graphics, 2008,27(5):147:1-147:9. [doi: 10.1145/1409060.1409100]

[70] Crane K, Desbrun M, Schréder P. Trivial connections on discrete surfaces. Computer Graphics Forum, 2010,29(5):1525-1533. [doi:
10.1111/j.1467-8659.2010.01761 ]

[71] Bommes D, Campen M, Ebke H, Alliez P, Kobbelt L. Integer-Grid maps for reliable quad meshing. ACM Trans. on Graphics, 2013,
32(4):98:1-98:12. [doi: 10.1145/2461912.2462014]

[72] Liao T, Xu G, Zhang Y. Structure-Aligned guidance estimation in surface parameterization using eigenfunction-based cross field.
Graphical Models, 2014,76(6):691-705. [doi: 10.1016/j.gmo0d.2014.08.001]

[73] Kovacs D, Myles A, Zorin D. Anisotropic quadrangulation. Computer Aided Geometric Design, 2011,28(8):449-462. [doi: 10.
1016/j.cagd.2011.06.003]

[74] Liu Y, Xu W, Wang J, Zhu L, Guo B, Chen F, Wang G. General planar quadrilateral mesh design using conjugate direction field.
ACM Trans. on Graphics, 2011,30(6):140:1-140:10. [doi: 10.1145/2070781.2024174]

[75] Panozzo D, Puppo E, Tarini M, Sorkine-Hornung O. Frame fields: Anisotropic and non-orthogonal cross fields. ACM Trans. on
Graphics, 2014,33(4):134:1-134:11. [doi: 10.1145/2601097.2601179]

[76] Jiang T, Fang X, Huang J, Bao H, Tong Y, Desbrun M. Frame field generation through metric customization. ACM Trans. on
Graphics, 2015,34(4):40:1-40:11. [doi: 10.1145/2766927]

© TEBREEEEIEDT  htp/ www. jos. org. cn



RRUAE 5 AR S AL AT R 135

g

[77] Ebke HC, Campen M, Bommes D, Kobbelt L. Level-of-Detail quad meshing. ACM Trans. on Graphics, 2014,33(6):184:1-184:11.
[doi: 10.1145/2661229.2661240]

[78] Marcias G, Takayama K, Pietroni N, Panozzo D, Sorkine-Hornung O, Puppo E, Cignoni P. Data-Driven interactive quadrangulation.
ACM Trans. on Graphics, 2015,34(4):65:1-65:10. [doi: 10.1145/2766964]

[79] Sander P, Wood Z, Gortler S, Snyder J, Hoppe H. Multi-Chart geometry images. In: Proc. of the Eurographics Symp. on Geometry
Processing. The Eurographics Association, 2003. 146—155. http://diglib.eg.org/handle/10.2312/SGP.SGP03.146-155

[80] Eppstein D, Goodrich M, Kim E, Tamstorf R. Motorcycle graphs: Canonical quad mesh partitioning. Computer Graphics Forum,
2008,27(5):1477-1486. [doi: 10.1111/j.1467-8659.2008.01288.x]

[81] Myles A, Pietroni N, Kovacs D, Zorin D. Feature-Aligned T-meshes. ACM Trans. on Graphics, 2010,29(4):117:1-117:11. [doi:
10.1145/1778765.1778854]

[82] Krishnamurthy V, Levoy M. Fitting smooth surfaces to dense polygon meshes. In: Proc. of the ACM SIGGRAPH. ACM Press,
1996. 313-324. [doi: 10.1145/237170.237270]

[83] Tierny J, Daniels J, Nonato LG, Pascucci V, Silva C. Interactive quadrangulation with reeb atlases and connectivity textures. IEEE
Trans. on Visualization and Computer Graphics, 2012,18(10):1650-1663. [doi: 10.1109/TVCG.2011.270]

[84] Campen M, Bommes D, Kobbelt L. Dual loops meshing: Quality quad layouts on manifolds. ACM Trans. on Graphics, 2012,31(4):
110:1-110:11. [doi: 10.1145/2185520.2185606]

[85] Bommes D, Lempfer T, Kobbelt L. Global structure optimization of quadrilateral meshes. Computer Graphics Forum, 2011,30(2):
375-384. [doi: 10.1111/j.1467-8659.2011.01868.x]

[86] Campen M, Kobbelt L. Dual strip weaving: Interactive design of quad layouts using elastica strips. ACM Trans. on Graphics, 2014,
33(6):183:1-183:10. [doi: 10.1145/2661229.2661236]

[87] Campen M, Kobbelt L. Quad layout embedding via aligned parameterization. Computer Graphics Forum, 2014,33(8):69-81. [doi:
10.1111/cgf.12401]

[88] Pietroni N, Tarini M, Sorkine O, Zorin D. Global parametrization of range image sets. ACM Trans. on Graphics, 2011,30(6):
149:1-149:10. [doi: 10.1145/2024156.2024183]

[89] Nieser M, Palacios J, Polthier K, Zhang E. Hexagonal global parameterization of arbitrary surfaces. IEEE Trans. on Visualization
and Computer Graphics, 2012,18(6):865-878. [doi: 10.1109/TVCG.2011.118]

[90] Aigerman N, Poranne R, Lipman Y. Lifted bijections for low distortion surface mappings. ACM Trans. on Graphics, 2014,33(4):
69:1-69:12. [doi: 10.1145/2601097.2601158]

Ff 1 3252 Sk

[10] HASF IR MK e, e B 05 JUART A BRATE FURE Ji8 T 5L+ 41,2009,32(8):1-8

[38] FHIEYK,HA G R BRTH AL AR T A9\ 4145 BRI 2 B4k vk 500127 41,2005,28(6):927-932.
[41] B0 0% 7 A0 800 5 — ¥ B J LA b FRATE 4 H S 24 41,2002,25(9):904-909.

SRR A (1970 —), 2, 1l 45 07 A, 1+ &l
B, 3= BT SRR T SR S 2
JUfAT AL R

BEICT(1971—), T3, T AL, 32 T 9% 454k
oR NN SPIARE VSN

SKFRR(1955—), 90, 4 B i+ g
Ui, 32 TR S AU S LA Bl L AT B
THEEHUEIE 2 B v ST AL, B2 2 B S
LB

© PEBEERKCEIFR  htps/www. jos. org. cn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


