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State of the Art of the Research on Human-body Modeling
and Skin Deformation in Computer Animation

WU Xiao-mao, MA Li-zhuang, GU Bao-jun
( Department of Computer Science & Engineering, Shanghai JiaoTong University, Shanghai 200240)

Abstract Creating realistic human animation is one of the most important research focuses, and remains problematic in the
research field of computer animation. When creating realistic human animation, we need not only realistic human motion
and its control techniques, but also effects of vivid body shapes and skin deformation. In this paper, a detailed survey on
existing methods for human-body modeling and skin deformations is given, which can help the researchers to have a good
understanding of the state of the art in this area. The existing methods are classified into three categories: surface-model
based methods, volume-model based methods and hierarchical-model based methods. The advantages and disadvantages of
each method are also discussed. Based on the survey of existing methods, it is pointed out that the development of 3D
scanners provides a good chance for researchers. We suggest that an important research direction in human-body modeling
and skin deformation is; how to combine the advantage of reality of example-based methods and the advantage of flexibility
of hierarchical-based methods, in order to create very realistic human-body models and skin deformations.
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3.1 ETEEBNSE

BEMBE RS, ETERA TR RE R
E4E . B B2 (skeleton layer) #l fz Bk 2 ( skin
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KA CRE B REEAEMETERN T,
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# JLD ( joint-dependent local deformation ) 77
B B S B T A B0 A R R
# b o 7E IR B AT B B2 R TO 0 X g A 4 4B B B

#, HRK,BITUXTHANAT RO TR RH,
R BRI BN R R TR BT, MRV A
BEAE /B 7= A JL PR I R AR R, X 6T A B AR KR
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TR BUG , B BRBE AT LAAR 48 5C 45 19 £ BE BT iR 3T 9
G L Gale )0 0

3R H Komatsu i 73" #1 Thalmanns # JLD
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Fig.1 Contour-based deformation of the arm
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#oOTLBREEMARERY, Fi, mRENESHE
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BRHETT A TFAMESRERN, T AR
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ETHABENEE LB EREZEEN
BREA, IR FE R A GPU BB {4 i 2 RE 4T
EHRAZHEAURBLHGEE™ . HEEH
ARZET F—, — KA AR TEE
B RAEREEE@AROAGER E mREAHK
BEHA K REH BN IE,mHAMERAR
BRESETUER, BER T EEGHARAR R
7] 7 4% 7S 1) 780 T A [l B ) A, 0 70 0 2
BETETE, AT R — AL F
AHFEMEE MRMNEEN A FERNBER#TA
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L INEE R ERELEINEES € TP . Su PN LN EiTN

3.2.1 BXihmEs:
BRRMEA BT FEE X
F(x,y,z) -1 =0 (2)

Hf IBAREXFENFETNE, F(x,y,2) 2
— MR B R, AR MR R REBER T PO R
W E AN R B X 3t BT DA R LA A R ol S &
HygRYPORE L& B T, R 5 8 i 57 X 2R
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BOMEREA RS, B EEB LM
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A i Ba Xl T B T R R LU A R K 1
BT JC (simple primitives ) # B 48 & JC ( skeletal
primitives) , B & ¥ W JC & X K &3 JH Bl 09 T ( 4Bk
RE W Bk ), B K F &= & Blobby Molecules,
Metaballs F1 Soft object +& %8 I Ju4% 1 70 & X 7 W %
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B2 T 7T I R

20 471 80 4F {447 Blinn™" {2 T KB A
TR W % & ) K K i T, B Zh i XE ¢ Blobby
man” $4T T B, Yoshomito " {# FH 500 P ERIE
metaball 88 H T B EM B A, Bloomenthal £ A
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BEIAMEC BB,

BAMEAFZHEEMEEES T AKEE,
BHAESHEZ HEELEmEE, B HRECER
B C' SER NS, T e OB AR
RETHE; B4 EHERD, SARFDN. ZF
BHEEUTRBR%E: —RAS=ARNBERB T ih;
“REBAREE N B R A, LHEX T3
H, i TRAMNEBERRE AL RHN
HITER, AREENRAMEATER. 2HF
W BRSER TR B EAERmEHER
A~ UETHESE, IREERME LA E
BT KR H T,
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SR HITE S . T LA R M3 i B B
B RBIE R R BB RN, R &
BROETHKE BEBEESEE, ¥ TFE-MUBTFE
WRE — AR AR DUE A R A Sh AR

BRAEESTFXRAEWEREEEYETHE,
FERREREEEER, NES T Lo MAY
%4a.

3.3 EFERARBMAZ

Chadwick % A" 7E 1989 4F & YK A T80 1 €5
mETMAE, AL , RZERHREF HXER
AANGEEHRITHR, ERRIER S Ak
BREHRE AR B ERERE. XENKK
BEIHNESNET R AT HE RN ER K
Fo BRAANGBBEENEM T AMKWELEMA
IR, I AE BB BT, AT RE = B
MEKREESR R, BERABENEEEE TR
PILL RAT 43R T B R AL ZE A AR B R,
FRUER WA RIS, T AR B H iR
it a2,

3.3.1 SERMBEN®

BRAANGEETUS> A EREBHER, A
BREE B ENBRENERKZHEBE, TES
SR A 2 IR BB A B AT RUR

B JZ (skeleton layer) il # & LR WA KT
2w, BRERES - ETUAREHEHA
R G5 (stick figure) , 0] LAFE ARB B B R
&P, MTFHE, B ARRE MR ER AR
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BB s, 10 bvh, asf/ame BBV BIE M M T
L CTUERER T AR ZARREE @ fRLH
BABHET T X BRSNS X R UG
EHARYEL H-Anim specification 1. 104

NFBEREREZEHENRARE (muscle layer),
MARHERRERABEF BN -4 HEK
MBREEEYMBIRKNTIEER, ARENE
W & 5 S 3 P N 3 1 P £ T o UL R R A i
ATERAKTR, XERTEREZESEREAN,
BB R LS AT TR AR
JU A % & k& ( geometric models ) #1 4 3 & % ¥k
( physically-based models) ,

JUPTHRERL B R AL A 3 JLAT TR R T A 5 iR
WY, Chadwick % A7 1989 £ I B %
7B (free form deformation, FFD) 3 #f 7 UL B ()
., Moccozet'®’ [ J§ #£ 1996 4E {& B} DFFD
(dirichlet free form deformation ) £ A 3 # #l F 49
o XMMTERE TS ABENBR, B
WATATFIRER, X4 JRERATHRME =
YRR TR HEAT LY B RE ., SR (20 ] 4 YA BR O 0T
K ( ellipsoidal meatballs ) & # #1 fL B & & ¥,
Scheeppers & N FRBBRRERIA, HFEXT
— B EMATER K — A KADNBUROE R E R
&AM R THBTUBAE Y —-BRANWIAE
R LA B 28 TE 7T DUAR 38 55 9K (isotonic ) 1 4%
(isometric ) W45 i) J5 U 8 47 13+ B 8 3k . Wilhelms
% AU {55 PR3 L A5 (origin) 3 oL 4 (iinsertion ) 13
FX PR ZE 8 AN B S A AU S0 AL PR TR
APATUXEXRBXLENANK S, Dow M
Semwal " B AR ERIA, EMNRAEYE
A B B &R R R IFE LB A S BaseSize M
GrowthFactor REH VI E KL R, B — N SRRRE
FER, G- TSHEATEREE.

5 AN B ILTEERARE, & FHEER K
FTE-BRERNFEREEBNANEE, R
[44] ~[46 ) ffi i PR B R (FEM) SRR HLAL IR 9
AW, 2 )G , Hirota % A" fl Lemos % A" 3t 45 FR
TCRERIFEAT TR, R B84 FEM BIR)E 4 38 L
BT o Nedel % A7) {51 F 34 2 45 A& 0L FL P4
AT AIER T KB ENERERE R BT
B GUMERTREMAHENER ), FRERER
FHRMB i S ML RS o B, Teran 2 A1 2 1
TR RERRNERNFNMATEEYUEE, 5

HHER R EREMER S FITER T BMLEL, &
FEEEAMABRENASETEAFERNITEE
B, %%h Ng-Thow-Hing % A\ """ $8 i fif i} B R k1K
(B-spline solids) By ¥k R, K B fE % —
WERGBE ZAESEREINA,

B35 12 (fat layer) — AN PE 5 LM B9 2 R 47
R, E—-BREEEAIMAEFT, BHER
NFERZTAE—ERENE, 7TLLE#BEXE
BN, MEEEKRANAUEBBKRAR
% , 3 R B AL PY B9 1B 3 B0 X 3 g
FRAE REEIRBER B EERBEKRE, £
el B Bk H A IR R A [

BBk 2 (skin layer) By BT ¥ AT LAY K 4 2K

(1) BphEE Eh SRR B XA
R7 B B2 BT 0, BT RLUE O N g Y B Bk
W, BREE RN EERTEORL,

(2) HEARERWEKMBEET X
FERAOREETREEETER LAY FH#
e AEEER, AfUESHAABEERS,
WEHRITIMA T,

(3) HIT T4 (subdivision) X Fi &R
FEEA LUT 8 R RE 9548 BIRAE ; T DA (b
HTEAWAEETE.

(4) BBMFERETD XM HEER
SR E NN =K B B4 M H 5K & Bezier i FIR %
KRBT R .

3.3.2 EHNLAR R R A X R

EELBIFE® NAMEOAANERT,
WA E A5 B Bk 3 AT Xt B 3 3K 3h Bz Bk B9 A5 T 8
MUBAAWNFESIRRE . F 1 R AT ERER
FHBHNMAER AR E” E -2k 582
KB ERPMEIHT R EES T BB ERER,R
JE 18 R R I 4B 2R BE 3 B RR B T

BIRXFERUBELER F B, Thalmann %
AP RRR s R AE X EERE
¥ LB F R A Metaballs, 2 j7 7] L M X &
Metaballs 51 4= i — 4™ B 3 B 10 , 3 3 SR B UG MU RE 78
BB Bk B0 N RS ALY . Wilhelms 28 A1) b I 2 )
B Bk A4 BB F I BB, T LR &R i 8
A6 B B W, R U A ek R T A % B K R i AT
TR B B Bk i RIS A A

BoRFEAMEH, EHNEABERZHKA
AR R BN A SHRAE R, BRI
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T &, Schneider™ R R BER HZBRAMAZ—,
AIRETERRABHFEEAAEFHNERIAME
LREMMEENESE BEd XN TR EH
WLPI FBA B BRI L, R R REE B R
HEKEYN BATTRAS AN FEER. B
Simmons Z A BHT ASHUBEERNEE &
FEBRRET— RN RE B8 LR KR
R T4 B BRI T B 48 BB AL AT
AR T LI L AR YA T A B R B R B T IR Y, L
flu iy A6 A RBF #E{EIT BB B, FEMARFTE
ZREGEERNETFET THEYIANERE
218 LR RR BT R

4 F it

BAMAREES R IT BT =K
R ETEHREN TS, BTREINTENETR
WABEHITE,

ETEEENTENARAZ, AEREET
ERATETH REBRESNRREEHER

B BT R (ELGE ROT YA T VA BT

HEBHRONER A EERNOTE, 2R
0 3 0 T 7 LA/ B BB SR AT R, B
FREA B B BR A TB 7 B 25 JUAE B 5T (0 B A, 2
WAL BTN BN BENE R ERRR, HE
A 1 7 EL 2, B 35 4 AL P Y B 0 A T

HF AR vk b, B T R A 5 A R
A RIFAR A AR T B RE B, JE
B/, EAREN, BEGEEUTREE: —R%
BEERERNTH; —REBRABRE AL
BRI, BCHR A o B A O 3h e O 4 R
AR, b FHRBERRERER A, W&
B8,

EFRERAMBE T ED FEEEFARHE
4, B R R B R SRR, 1B AR B R
PR — P B X B T AR, BRI % B AR
B AR BRI R AT A A
it BE T ETRIEHAMBE AR
BT B — R R
THE.

3D AMBARMRERBEABEE ST
REEFOEI, MR EBE L EENERRBRY
HHE KA N RERE R RAR KM N B, R4 4

FEBEREEAREAFHEOMBA. 55, BRIRFH
ETFAMERSEHOER BRATUBBEH
BEKEKER R BB, ERE R T B
MEH & NARERAER, afzZsMRAETH
BHERNEALHURETERAER T BN RE
P, RIZABH— N ERERET .
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