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Cage Generation Based on Visual Hull
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Abstract: Cage, which is adopted as the proxy geometry, plays an important role in processing high-precision and complex models in
computer animation and geometric modeling. Currently, cage generation algorithms are heavily dependent on representation and
complexity of the shape, which could not be applied to various models universally. To decouple the cage generation from the
representation and complexity of the shape, the paper proposes a cage generation algorithm based on visual hull in computer vision. The
algorithm can generate tight and coarse cage by inverse simulation of visual hull construction procedure. The results demonstrate usability
and efficiency of the proposed algorithm.

Key words: cage generation; visual hull; mesh optimization
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(a) Dilo f& 7 (b) A SCIT VLA T cage

Fig.1 Cage generation for the Dilo model
K 1 Dilo 8% & H cage

AT cage TR H MM K 8t T B A8 M B sk cage 4B EE B 1R AASCE
VR R cage. ol T 5E IR OV cage AR T V0 R 6 s N A M TR AR, A S I REBER AR, 2 A T SRR B A
B T R4 72 (visual hull) B ARSI B cage 28 S b AR T SEHLALAE AU, 7 M A0 76 2 1l 22 AN HL s R0 7 P 45
e W ) D0 5% 58 B 2 ) R A Py A 41071 L 1 0 3 TR R 0 5 R A R T M JL AT W A B AT L AT 420 kDAL
LT TR AL ) A 5 (0 A e R S A AN TR R 4 A R 48 ) T AE BV, X EUSEE AT KA B L R AR
Z 0B ER, 5 W AT I B AT B HE, 22 S PHEEAT A1 7R 28 18 B H ARk B 28T A% cage. tH T+ i cage T
T IR 2 1 h A AR 22 T B T o B b PO mT 2 ) ) T UART 49 Ak 3wl DA A S 7 74 il 3L cage, BRIk, A 5
RS RN TG IR N T AL S i AU R R B i s 2 WA St Bl DL
A B 35 TR S5 58 W AT 453 1 LAAS 380 HL e ) PR ok T o A SR AT A e cage, UK A SCHIVE B
7% 55 55 AWLHE ) 50 E AH DG, AULHE 10 R4 3 AN 5 AR TR A ST A 5 1) 4 0 S 4 A 0% T S5 AR AR L A AR B IS Ok, TR B
VRS % BT TR (W 5 R B 2% B TR AR SCEVE R A cage BININAIR AR LI E 25Tk A

(1) Cage WAL JLMRRTC R FIAI L DTE MM . M. ZIUTEEE S (polygon soup). SHMiTH . B

AT = 4E R R B EUEBT A E RS R N RSB E LR ES AR R AL, W
N H;

(2) Cage 194 H 5L (¥ 52 J% B G 0% 08 K A il cage [ 78 B P 14 B G 2 I, SE R T VL B 6
LG RAY 53 2% 5 1) 43 25 . Cage (1915 FH At 2 vk FE AR 2 (9 AR, U LN I o SEAR A AR A cage A Ae A4
BINIINIE

(3) H¥ERCHEm AL T 9.

1 #HxIE

YE g — PR RI% 0 LIRS 6 R0 22 Tk 0 Ak 30 i A B ¥5, Tl A2 352 R (Free-form deformation, & #% FFD)
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VRN AR LA 2 B T T2 97 A9 fn, SCR 15145 & 1 SCIIME AL b 5 60 B 3 5 VR R AT 190 46 2 4, SC TR [16145 5 bR
ARFR TN FE T M) BEAS TR I HE 28 vh SCHIR[2,17] 0 AR HE T 5 T cage A8 TEAT 2%

AR cage 75 LT AL BE 7 TAS 202 B A R AR B 2 225K 1) cage — B — AN HE AL SCHR[11-14]15% A 1 cage
HOHH T A A B A T B VR RE T AR N AR B AR, TR IS T cage (9 R RN
YT BB N cage VR A, SCHR[18—20] 43 4R HH T A G cage J¥ AR B I S X B EHER) T AR T cage A
JEAE 3y v 1) T AR )46 cage IR ST AE AR KR T R i 3l i 0 SR R L A 9 1 3 A B 0 2= cage IR ALVE LAY
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Fag 1 I A5 AR 75 97 16 A R T R e 28 1) cage. B9 I BE (147 W9 4% T 44, 6] cage HI/ELZEPEBR = BRAG L IR ORIIE.
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K TR J5 P 1T A T ) Do A, T 8] A4 S 7 110 5 SR AL T A ) 1D O s AS ORI — £, [l I Ao 28, 25 T i 09 7
TR G AR U RIS (1 f 38 ) R A E AL

PR BRI R 1 cage 8N B AT 1E A JE Xk LR W FH /o 169 4 8 25 1. Xian %5 AV i} OBB (oriented
bounding box)fu [l & B 34 i cage: 1 5€,443& H AR B AR OBB 4 [l & 48 J5 , L& Hf 2 OBB [l &;
ISR Bl & ) A 3 T B K cage. IR TR R cage REMS A BIAR EY (1 K UK, 7E S AR T 1 X I (n 5%
B AAT Y T AR cage g BB BN 8 I, A4S ¥ DATE AN 7 S DR 35 i R G e L O
R Ju g NSO T ) 5 R cage 2B cage {EE AL e G R EAT A R S T A B AL FRE LA
1 28 R AR, B8 i AR AR AR AT 4R () cage.iZ% 7 vE AR ) cage HLATE A5 8 (H 7 BAIAN S B LLAL B
cage H AT HL. SCHR[23] K H 28 AR S ARAL & cage, HI T+ #f (B 28 1) JUL PR Sl A6, e oo 7 2 50 ) SR AR DL 4K )
LR vk cage [ 42 1) FE
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SR 2, B SR [220 9, B A B0V 50 2% 8 00 5 S 200 5 ) R 8 D) R O X i N Y ) 25K, SCTIR[22, 2315 T3 4415 18,
PR AR RT AL VRIS LT e b 3 A WA, SCRIR[20 75 B2 T A9 1 5 B, SCRR[51728 K 4 ZUAE: e P AR RS AR S I S
DL RS P AN TR R s B T — R i) cage AR iy .
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Witk .Cage &6 FIBER MG/ HEA 2-U0 T A% R A% 40 1) PR AR 5 ] LA A 2 — P L5 A8 3 3 A D10 1 e 2k
cage. 1T~ [ 1¥ 22 il 0 7K 28 A B gt J2 AU AR AL IR BRSO 2, i LATE 223 A /K 28R 40U T 1 4k 5 1) ) 3 o AR
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PG A AR T T 12 (L 1 45 (1 8, H o) 45 (1 e AT 187 44, 12 BSOASE B 7 158 5 ~F- Th 1) 4 0, L, LAk
FEGE 4 s b, B 2(b) 4 2 i 40 S5 2% ;
(3) RN RN I (18— 246 1] 6 7 72 [ 1) 45 ) s IR HE. T8 2(c) AT T AR AR IK 3 /NAETIIER 2 3 A
TS ImAN SN IRHECPAT 85,
(4) LRI 2 A PHEAT AR R SR AC IS B A T AN 58, B VI 4G IR cage. 8] 2(d) TR
(5) XIHIUf cage BEAT PIAK LA A it 44 1) cage. Wi K 2(e) 7.
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Fig.2 Flowchart of cage generation algorithm based on visual hull

K2 TS e cage LR RRE

Fig.3 Construction of visual hull
K3 At eI Ry

(a) PIRECLEI(EE ) (b) BRE WA D (c) SfEsk (d) Zigjviaia

Fig.4 Construction of 2D bounding box
K4 RSN NE
2.2 EMGALIR: —“Ecagei g
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R AR D), AN AL cage TR SESK AL, 5 I K — 4EB0% X UK & cage JIEIKFE L e T cage RSN T
380 cage K/ B TT 47 P 4 ) 45 SR P B A 4, PR B (P dlist 480 ) 1B Oy 2 005 M S AR 11 52 Uk
D(p):=min{d(p.a)[1(q)=0}} D
Fop BB O IR e MR S IR R AR ) AR R X R, H AR AR K B BB A 0,d(- ) RO R
PR B H AR ARG 3R 0] (10 BR PG ER 2, B B AR e P b i — NMEFE D(p) R — DM SRR p B HARDARH
AT E AN SCR ] SCHR [24145 HA FR A 22 P I T pAy SR A DR I P 2 2 488 10 7 9 R 40 B 120 ISR &1 m] AR B — 2R 1)

PR B A M 2k (B 4(c) i), LS R B AE S 4l il e B K/ 1 75 oK.
Cage 2 H AT fig 2D BT R 4638 450 Y 1) TR 7 B b otof B 2 5B 2 ith B B AT SCBE% 43 77 AR I T 2 11 T
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Sy W FRAT SR O 1 22 100 00 38 20T 46 (1 2. 1 2 22 10 38 00T 1 7 1045 1R %2, 3L vh Douglas-Peucker (DP) 21512k fit %

1) 1,8 TG 16 2 30 T8 IR HIEAR AW i 4k EIE R 2 B Ra M S (Z S8 EENEB RS2 UmaE —4
AR Z 30 TS 50, T80 2k 1 T AT o5 3 22 30 B 1 B S B 25 /N B {EL () approx om), S 28 1l

4 FToR Ry A B R R R T R 5T, SR T B (B ) — R A 0 o T A9 AR 4 B A 4 15 ) P 5
I S5 P A I 4D S8 8 0 Y T — R BB 46 B i ) SR I I (i £k AT 2 1 R E I
2.3 B EMINE VI IEcage I E X

AT RLAI 5 (0 2 R 2 B Sy 1 DK 2 7 S5 A 2 R T 3 T ) 7 9 A 2 T 1 Sl R £ )
b A4 3 S HEEAT SR AE AR, JIT G 17 T 04T PN 350 10 2 32 12 i S A 28 19038 T 98 7 % 7 TR I 38R BV T o L
G TSI 3 AF I T) R0 225 ) 2 2% B A v, ELAA 35 100 DR /N B 4530 T Sl VRS 88 SR & 7 VAR 1Y) cage =77 AR
SCHR [ IRAE P e B 5 T S T 1 77 V2 2 S WL i 5 0 A PR A 55 6 R 6 T 1 FR) HE AR R AT AT R SRAT 38 8,49 31 20 [ 44
BT R 2, TR 1) &4 R BOE T L SR A {H TR R R 1 52 % B . Cage ¥ H IR A I SR AU ARBL HL 4y
HER AR PR 3% 55 T4 e B 1) H AR R i DA 2 DR UE i e A 20 A 0% 5 3 4 R 4SS 280 T2 AR B v b A0, AR
A R A FE A VR TR BN AR FE i — P AR ISR T A B 1T 2 9 A e s TR, AR SOk A HE SR AL IR 5 vk
A LI cage.

TEHS 2.2 A7rh IRATC SR T WA I 56 R4 B, ) 3 W0 HE 34 5 20 AT 28 RIS LA T SRR LA Ak, 2 i
BEAE M b i SR 0 AR LI A 582 45, Tt A 30 2 E0rf e A BT B T 78 2 1 K e v AL U0 T e T 4R
SE , ELRE R A B A0 T 20T A B ST R G 38 8 S T [A) HEAR T T R DR L TR, T RR SR S R A8 A A HE
35 5 Sk 17 PR R FH A 5 AR 400 17 B0 M 4 cage AR IAETE . T BT TR L 0 I a5 B TR — s R B R I AN
23 (0] 15, T A DR TR A AR S 1) T 057 R 4 36k cage, T S T AL A T8 AN A2 AR SC IR IR A5 A T LR S k3 28 e
22 T 1E I 4k A 2R 32 S POV AT RUAE SRAZ 43 BT 46 14 cage.

2.4 Mg

2 i 1E Ak A R 08 SEA3 2 (M) U cage T Rg 3B AL = M B RN K = MBS AL . Cage 1)
JO R 4 T J 0 L AT Ak B ARV ) 5 e e R 0 TR I, 5 SR T 224 1 D A A A 7 1k DA S s A T i (R AL 42
IARAL 745 3K cage M RLZE M A SCGEBUNR L EIEARSTIN AAHAS, & REFVILG cage I 4h. 01T cage
S0} B AR A Y SRR R (Y B 2T, T LA cagle AN 23 R B T A B (1% 40 1, AN AS 20 1 G o W R i I PR A6 = A TR N
A = AT IR T T 0, 7K B JUAATF S5 > 7 i Fa ik 19 4 48 e JLART T bR 1) 3% B A3l 3 A2 395 /2 cage (19
FANER P ATHR T, RS AL AL BB AR K = A P B ST 3 AN ES . 2 NS ES
L AT S T30 b3 288, AT LATRT B i 00 e 1 ok 3k FLON IR T A R A A B R AR B Y

K =TT L AP 2E, a5 for:(a) needle: — B & il 5 & KU LEE /N 0.2;(b) cap: — A TE &
KA KT 170°, HA K needle ) T needle = A T, %5 5 3 i i1 W 4 1 B8 cap — M TEME DL B2 b 3, 75 & 0t 4y
Ak N needle =AM 45 7E e iR 10 Rl Y I 4 B AL B — A cap = A, A LM M AR = Mt &
Wi — 43 o = BRI 5 5 72 AR 1) cap = AT (a0 1 6(b) BT 7is). A 38 f 0K AR cap, e AU A R R I cap i
AT W 4R cage HEAT 23 HIFI = A 4k, Wi &l 6(c)PT7s.

A A
(a) needle =i /&,AB J& needle i (b) cap =1 JE,A J2& cap £

Fig.5 Classification of slim triangles

K5 AK—=MmEnk
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A

B%D B&D B§>b-p
F

c c C

(2) AABD %2 cap =ffiJE (b) JRH 44— cap AT HE= A BT 1 (c) I A s I o FI B A U
cap(ACDE) ToH Y cap <A
Fig.6 Elimination of cap triangle

6 cap —fIEHIHER

A Ja 43 T 00 RVAR AL, SCHR[270, 5000 K B0 A i 25

Q) TS 2 B 7(0) ). VI ST A i cap s FLAE BT cap = AT AT L RS BT T A 3 2 9 )
ST 1A 3 2523 R P A _E ) A (above) . ST BL T B A5 (below) A1 T _E ) £ (on);

(2) ZMIEHN 5y (& 7(C) BT ) AR 1299 A i A 1 R P A B i e A 5 43 T TR A A o e A e T
above F1 below i 5 HITAHAE JE — 410 5 BT A A I = M T2 5 2 WA =M T, A P4 ILAHAE
(115328 3 A = 7 WARFEAE. DL P BRARIEBE IR 22 > Ab B — A cap, HANHE IET ¥ cap.

(@) SRS, AFCD 24 cap  (b) M1 FITHI(AAOLO) il & TH £iZEA:A FI F J& T () =M T4y, ABCE,AECD #1434y 3 4~
—RBHCRET—XDMERET 3% = ff1J,ACDF,AABE 4} 4 2 =&
Fig.7 Globally cutting a cap triangle
7 AR Ek

Wit ik 4 R4 E T cap =M I EEAL A T needle = M 8. RATLEARIIE cage B ML AT H2 T 0 i W 4
needle 3 AT LLIA B BRI K =ML H) H 1.8 8 #iiR T needle 14 () 4b B 5 X AR ¥ 34 BC /& needle 1,17 7E Fifh
e oy =2 B [E e ,C &R 2] B 7 —F & C [ e,B & JF Bl CIRATIEREE & sSAL T 3h i — 348 8
TR M W4 7 2% 5 ) B S TAT B ARAIE T AR ) cage AN S RERYAR AR, Wil 8(b) T k.

Ni

() BC %75 needle i1 (b) C Wi 2 B 2 nIAT I, B E M = AIE (L) (c) B RAE 3 C ANHIAT B =4 JE (RHLEK)
TE ISR = B (R 28) S TEJSUG = A1 TB (K5 22) B P9 1

Fig.8 Elimination of needle triangles by contracting needle edge
8 W4 needle i1 LA Bk needle =1 E
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3 RWERSHN

AICAEELE N Intel Core 2 Quad 2.5GHz CPU,4GB W 47 1#)°F- & - Fl VC++ 2008 Fll OpenGL 2281 74T 1
MALNGEI) cage AE BCEVE MRS L B H DA BB 2R 10 BE S (B AE D P rT R S 5 i H — e R E
YesE T cage L5 JEUARE 2L R AR BURR B2 AR 48 cage 1) 5@ SCRN 223Kk, W SR TR AT i 20 40 A St i IR ASE 28 T2 0k ) P AT 4
R (WL R TG 73 8 ) w] LA 2D 6 BR 07 1) (AL A0, 0T LS 15 1) SR 6 5 RS SR I SPAT B MR B I G YE T cage
PIRIAE AR 5 A A, 48 /D J5 AN J7 ) (I AAE R R U B X345 S ) AR Ja e MR FRAT T R IR, 3 A IEAS W
U T TR A 0 1 RS 2R P TR T A ) R A AR AR U 28 DX 3 0, R A ) LN AR SR T IRIT A5
J (http:/fwww.cs.technion.ac.il/~irit/) o 1) i /K32 S HEAT AAESR AL AT R B 2L 1) cage #B 2 K — P&, 3 1
ST BT S0 B K g .

Table 1 Data on the visual hull based algorithm
R 1 AT E G S Az 47 ] g vt

R ROWTG A8 Cage Wisi#  MLAUBH  WI4h cage AN () RS ALAL I i) (s)

Dilo (Fig.1/Fig.15(a)) 27 174 217 3 0.218 4.524
Dog (Fig.2/Fig.18) 35474 220 3 0.156 2.168
Head (Fig.9) 80 859 218 8 0.094 0.936
Moai (Fig.10) 14 475 193 3 0.203 1.060
Utah teapot (Fig.11) - 128 3 0.078 0.047
Man (Fig.12) 10 050 164 3 0.110 0.530
Dilo (Fig.15(b)) 27174 205 3 0.313 1.435
Dilo (Fig.15(c)) 27174 201 3 0.094 0.842

Hand (Fig.16(a)) 35074 561 3 0.376 110.184
Hand (Fig.16(b)) 35074 262 3 0.422 7.847
Hand (Fig.16(c)) 35074 141 3 0.110 1.856

Bl 9~I&1 12 ron A B AT AN LT R 7S T U BEAY ) cage A2 1Sk 1.

e 5 = i ]|

.I i
(a) METTHLAMFER 3 AN FLAHE dist=4,approx=5 (b) ZERKI) cage

Fig.9 Point cloud model Head and its cage
9 fiz Head B K L cage

|] | I ||||I

S

T

(a) MEETTLAL Tl 3 S HLHE, dist=6,approx=5 (b) 4K cage

Fig.10 Parametric surface model Utah teapot and its cage
K 10 ZHHhim 7~ Utah teapot #% 7 & H: cage
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(a) METTHLANSER 3 AN HILHE, dist=4,approx=5 (b) ZEHLI¥ cage

Fig.11 Polygon soup model Moai and its cage
11 ZiU4EH Moai T K K cage

L

(a) Fyg RIS FE R 3 S RLAE dist=3,approx=5 (b) A= Hf cage

Fig.12 Triangle mesh model Man and its cage
Bl12 =Mk Man B8 %I cage

B9 2 A I cage, #5 A A AR L 1) A, I 6 B 5 B EAT I B RIS 400 B 4 2 BV R SE AN 2T
10 W T |1 32 A=k Bézier il 7~ ¥ Utah teapot, 3 A 144 1] OpenGL (¥ sk A %3 b8 $i ke 2 3% ith . /&1
11 2N EABR R, 2N EE S L — L ToHh HNE SR I = M I v 88 & 4 e R 3 b PO s, H i
B cage ZE M7 EHIAN g EL AL B AR R B 12 2 UL 00 = A RSB [ 4 L HHR b ARV A i AR FE R
SCMTA « PRECHR (LI P AT 5 5 1 g DA% R 2 . 3 8] 7 U W, AR B9 36 A AT ml DA 10 1 LA o
.

13, [&] 14 23 5 0 eicidt OBB 5Pl BT 4 7y AR B DA S A S0y 4 F ) cage. A SC s 92 1k 1 45 R
BRI O™ R IR0 45 3R, L OBB 2 58 T A 7Y PR 4 e 3k OBB (1) cage 72 HH K 5 AR MERIA4 B, 1 77 4% 1) [ 1 T AR
FR 1) T LA A 9 R0 8 7 570 4R SC U7 VA B AR 1 00 S 50 R 215 5, e 008 ME i M SR A B R TR, BE 455 5 cage TR AR
sk,

2R 2 AR LTS SCHR[3, 517 P Bl 7 v 47 I TR] ) ) B AR 3% Dilo 5541 Dancer #5584 i) cage A& i) 1] A&
SE P 0] DU AR SIS AT I R)3ZG /N SCHR[3, 5] 5 1938 47 B 1], 336 B A S AN 5 28 170 52 A B, I 5 B L 11
A0 ER AR R AT G %, T ELARAY N SCHR [3TR T 406 220 15 44, 80 A 00 07 B A0 7 SR i — > e Kl i) R, T LA
V) 55 2% 88 5 R R0 R WAL AT T 0 I B DG 3R SR [B] 75 2 4 25 4, T ARV P 2 6 55 IS R0 19 550 % R A DG, AN 6T 13 ()
14(a) nT LUE H, 2240 cage SE WA AL, 75 B2 0 2 K OBB B (1) 94 15,38 47 Isf ) thi bt -2 48 4.

(a) SCHR[B]M&S (b) SCHR[3]I &Y () AICHIG

Figl3 Comparison with two methods®®*® for the Dilo model
Kl 13 55 SCHR(3, 5] A 5 25 L Dilo B[y &5 R
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Figl4 Comparison with two methods®™® for the Dancer model
B 14 53CHR3,5]H P RN 1% L Dancer AR 71 [y 5 51
Table 2 Runtime comparison with other methods(®®!
%2 5OCHER[B,5] N A IS AT I Al X B
- o OBB 7774 i Ak 77 AT T
R BT 55 — - —
S BRI Cage Wi pi%lt  1247HI[H(s) | Cage Wini%k Is4THII(s) | Cage Tisi%h BATHI(s)
Dilo (Fig.13) 5000 145 362 217 432.872 217 4.665
Dancer (Fig.14) 2396 41 20 221 101.9 221 2.09

R 4E cage A H WA S L dist A1 approx FIAE FH AT IS8 dist 3 on S E 2k 1 4E, O/ ki cage
BRI 0 3R R dist 8 OK, 451 Ze B4k 0 T W 44 3 T il 2R 5 ORI DX 3k, A i B IR /INI dist (A g X 4y
%A, W1 B 13(a) . approx At DPIVEE ik i) 25 K, ] ) i S5 2 2k 28 11 22 34 T 38 35 1 .approx (i),
1 8 0 25 10 R, 5 BBOR 22 5 IR A T H 48, FRAR I A A A 28, BB 2% cage [9THT v Bt bl 2 19 0. SE 56 45 51
FOA BRI 24 approx {EHX 5 I, A2 A cage 96 AL (AT . TEAL L AN SRR A A O B2 5K P 15 BT
approx {EAH [F] (M 5) . dist {5 437l HX 1,3,6 B 42 % Dilo #5224 1] cage (115 00 &l 16 $i& T [l € dist {E (X 2),approx
BG5S 1 56 . A1 B AN S BORHER IS AT B TR G B2 dist 8RR, 38 47 i 1) 8 ;approx R/ 18 4T B 1)
K LR A I TR K, 26 1 AR SOV B 2 TR A % B T B ARBILAE 7 7 T S LA 5 0 100 77 T, 13 45 40
HESCE BCIE B, T BB AR 5 T6 50 T S MRS DA AR O Ik cage DL AL HH TRI G 4K 45 SR R A it I8, e i o /)
T NA I PR b, A S5 1) 2 ) 53 % B 5 A 0 A e P K

(a) dist=1, AT WA H- 2. MK (b) dist=3, K e 1R DU B (c) dist=6, #F A HE P31

Fig.15 Effects of parameter dist
15 dist ZH I 1EH]

'If%’%%

5 4

Fig.16 With the increase of parameter approx, the resolution of generated cage decreases

Kl 16 K452 % approx iYHE K, LR cage 73 M4 I

(a) approx=1 (b) approx=3 (c) approx=5
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WEAN A SHE I RT LA $F 22 IR 10 3 40 281 S B i 34 cage (42 18, DA Jed ¥4 4 0 412 1 AT . A 1) 17 TS,
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(a) Hand #5:7Y (b) H) g 2 B 43 (1 ML A dist=2,approx=5 (c) HEHHIT-F511 cage

Fig.17 Hand model and its partial cage
K 17 Rk Hand #5253 cage

BOR BETASCE R cage, 45 4 b A bR BERYIE AT A2 1 AR AR S 4. P 48 o Sy e AR AR 1 3k | 1Y it
JR L 4 R TR 45 R

(a) Dog 71 cage (b) 4R

Fig.18 Dog and its cage-based deformation
18 3T cage MIAF L 45 R

4 BREERE

AR T — B ) cage AR G I K VLA G U B FTARAR FEECR I U A T R T O F
12T LTS B cage AR MU VE FP AR TE 1R L A] 3 7 AH DG FIASE 24 53 24 P AH O 1) ) L6 T W) 040 76 A B cage 1)
ARV AR AT B0 HL 5 T S LT o 30 g AL T A A0 e A O R, DAAS [RI R R i N BB AR BE RS b (R4 AR AR AL
AR R R PR B AR 3 78 H AR X I DA R IF cage 160 25 1, Y 22 300 B B 3 6 9 LA BRAIE cage 1 TSR, — 4k £
T T4 R I 5 5 T W I 2% ) X35 3R A S A3 BN G cage, 35 T K A1k 3R A5 5 28 485 L AN S0 B0 T LA 0@
DL #3403 T 0 sk 254 2% IR R 4% 1) cage 1138 I 2 4 DA S AR 1GR3 cage.
Bl b A SR IR ik — S W S N R R LAY T T
o S, Il BA P RO AR R R AT DU RO AR cage R ZETE K Dk AR ST VR BRI I B A B S R E
PATIEAT I R S50 b A S0 T s R i B AR /N 3 201K cage 3R R AL 8 . 45k |,
TR A PRI FE o 004G cage 1R IR 5 /s T FE 2 A 4 1) R 25 4H, I 4 cage 1A/ELZEME AT LAAS )
TRIE;

o LU AN FEAE B cage 5INTE SUAR BN I AL P e 00t 328 B4 i) o LA SR IS 28 (148 T8 38 R 1) 7 Sk, 2
cage A= B 5y — AN T () LA R A0, TR SRR VA TISE SR 7 I A8 R L7 cage AR BOS FR BN TR
B BUWMAZHZE T,

o ISR U F BRI A3 E I, R A R LA R cage, & 5 — N EE L) ) L AR AR S
S R R UE AR SR 3 AN IE A s I RS A T R B cage T H PSR 22 B
A 3 AN TE AT s LA M A b 20 i A 7R %) TR ) T B B 2 W R A B

Buft ASCTARAGE] TR CAD&CG [ 5T i S5 6 % i 72 1 Bl s e g B TR ML R v A S 1
o [ ST RS Bl A R R O R

© PEBEBSAITT  hip:/ www. jos. org. cn



-

M%E FAFTAI £ cage & A 2389

References:

[1] Xian CH, Lin HW, Gao SM. Automatic generation of coarse bounding cages from dense meshes. In: Yong JH, Spagnuolo M, eds.
Proc. of the IEEE Int’l Conf. on Shape Modeling and Applications. Los Alamitos: IEEE Computer Society Press, 2009. 21-27. [doi:
10.1109/SM1.2009.5170159]

[2] Ben-Chen M, Weber O, Gotsman C. Spatial deformation transfer. In: Tamstorf R, Fellner D, eds. Proc. of the 2009 ACM
SIGGRAPH/Eurographics Symp. on Computer Animation. New York: ACM Press, 2009. 67—74. [doi: 10.1145/1599470.1599479]

[3] Deng ZJ, Luo XN, Miao XP. Automatic cage building with quadric error metrics. Journal of Computer Science and Technology,
2011,26(3):538-547. [doi: 10.1007/s11390-011-1153-4]

[4] LiL,LiGQ, Huang LW. Generation of equidistance cages. Journal of Computer-Aided Design & Computer Graphics, 2011,23(6):
956-963 (in Chinese with English abstract).

[5] Xian CH, Lin HW, Gao SM. Automatic cage generation by improved OBBs for mesh deformation. The Visual Computer, 2012,
28(1):21-33. [doi: 10.1007/s00371-011-0595-6]

[6] Laurentini A. The visual hull concept for silhouette based image understanding. IEEE Trans. on Pattern Analysis and Machine
Intelligence, 1994,16(2):150-162. [doi: 10.1109/34.273735]

[7]1 Franco JS, Boyer E. Exact polyhedral visual hulls. In: Aldridge R, Bangham A, eds. Proc. of the 14th British Machine Vision Conf.
London: BMVA Press, 2003. 329-338.

[8] Sederberg TW, Parry SR. Free-Form deformation of solid geometric models. SIGGRAPH Computer Graphics, 1986,20(4):151-160.
[doi: 10.1145/15886.15903]

[91 MacCracken R, Joy KI. Free-Form deformation with lattices of arbitrary topology. In: Blau B, Dodsworth C, eds. Proc. of the 23rd
Annual Conf. on Computer Graphics and Interactive Techniques. New York: ACM Press, 1996. 181-188. [doi: 10.1145/237170.
237247]

[10] Feng JQ, Shao J, Jin XG, Peng QS, Forrest AR. Multiresolution free-form deformation with subdivision surface of arbitrary
topology. The Visual Computer, 2006,22(1):28-42. [doi: 10.1007/s00371-005-0351-x]

[11] Ju T, Schaefer S, Warren J. Mean value coordinates for closed triangular meshes. ACM Trans. on Graphics, 2005,24(3):561-566.
[doi: 10.1145/1186822.1073229]

[12] Lipman Y, Kopf J, Cohen-Or D, Levin D. GPU-Assisted positive mean value coordinates for mesh deformation. In: Belyaev A,
Garland M, eds. Proc. of the 5th Eurographics Symp. on Geometry Processing. Aire-la-Ville: Eurographics Association Press,
2007.117-123.

[13] Joshi P, Meyer M, DeRose T, Green B, Sanocki T. Harmonic coordinates for character articulation. ACM Trans. on Graphics, 2007,
26(3):71. [doi: 10.1145/1276377.1276466]

[14] LipmanY, Levin D, Cohen-Or D. Green coordinates. ACM Trans. on Graphics, 2009,27(3):78. [doi: 10.1145/1360612.1360677]

[15] Huang J, Shi XH, Liu XG, Zhou K, Wei LY, Teng SH, Bao HJ, Guo BN, Shum HY. Subspace gradient domain mesh deformation.
ACM Trans. on Graphics, 2006,25(3):1126-1134. [doi: 10.1145/1179352.1142003]

[16] Martin S, Huber C, Kaufmann P, Gross M. Shape-Preserving animation of deformable objects. In: Magnor M, Rosenhahn B, eds.
Proc. of the Vision, Modeling, and Visualization. Braunschweig: DNB, 2009. 65-72.

[17] Chen L, Huang J, Sun HQ, Bao HJ. Cage-Based deformation transfer. Computer & Graphics, 2010,34(2):107-118. [doi: 10.1016/
j.cag.2010.01.003]

[18] Xu WW, Zhou K, Yu YZ, Tan QF, Peng QS, Guo BN. Gradient domain editing of deforming mesh sequences. ACM Trans. on
Graphics, 2007,26(3):84. [doi: 10.1145/1275808.1276482]

[19] Savoye Y, Franco JS. Cage-Based tracking for performance animation. In: Kimmel R, Klette R, eds. Proc. of the 10th Asian Conf.
on Computer Vision. Berlin, Heidelberg: Springer-Verlag, 2011. 599-612. [doi: 10.1007/978-3-642-19318-7_47]

[20] Thiery JM, Tierny J, Bouhekeur T. CageR: Cage-Based reverse engineering of animated 3D shapes. Computer Graphics Forum,
2012,31(8):2303-2316. [doi: 10.1111/j.1467-8659.2012.03159.X]

[21] Platis N, Theoharis T. Progressive hulls for intersection applications. Computer Graphics Forum, 2003,22(2):107-116. [doi: 10.
1111/1467-8659.00653]

© HEBEERAET hipd/ www, jos. org. cn



2390

[22]

Journal of Software 1 3& Vol.24, No.10, October 2013

Ju T, Zhou QY, van de Panne M, Cohen-Or D, Neumann U. Reusable skinning templates using cage-based deformations. ACM

Trans. on Graphics, 2008,27(5):1-10. [doi: 10.1145/1457515.1409075]

[23] Yang XY, Chang J, Southern R. Automatic cage construction for retargeted muscle fitting. The Visual Computer, 2013,29(5):
369-380. [doi: 10.1007/s00371-012-0739-3]

[24] Felzenszwalb FP, Huttenlocher DP. Distance transforms of sampled functions. Theory of Computing, 2012,8(19):415-428.

[25] Douglas DH, Peucker TK. Algorithms for the reduction of the number of points required for represent a digitized line or its
caricature. Canadian Cartographer, 1973,10(2):112-122.

[26] Hoffmann CM. Geometric and Solid Modeling: An Introduction. San Francisco: Morgan Kaufmann Publishers, 1989. 80-93.

[27] Botsch M, Kobbelt LP. A robust procedure to eliminate degenerate faces from triangle meshes. In: Ertl T, Girod B, eds. Proc. of the
Vision Modeling and Visualizaiton Conf. Stuttgart: Aka GmbH, 2001. 283-289.

B o 32 5 2 ST

[4] B2 HETE 3 0 RE AR B cage A THSEHLAN B BETH 5 I 2 2% 4K, 2011,23(6):956-963.

PR (1985 —), %, Bk 7 M\ 8 24, CCF
S gy L, U R U AT i .
E-mail: chenxue@zjucadcg.cn

X1 3% (1987 —), W i+ CCF 2#E 4 b,
R STE = M A
E-mail: liutao@zjucadcg.cn

BEEEF (1970 —), 55 & B0 W A 3
Jili,CCF i g 2% b3, £ BRI 5 U A T AL
FEJB 27 JUAR] 3 28 B2 B vl A
E-mail: jgfeng@cad.zju.edu.cn

© HEBEERAET hipd/ www, jos. org. cn



