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Abstract

In this paper, methods of human figure representation in computer graphics
are described. Many applications of the human figure representation are found
in areas including industry, advertisement, and cartoon production and further
research for the methods that show the human figure more realistically is ex-

pected.

Two analytic methods for human model, kinematics and dynamics, are ex-
plained and the characteristics of the man-machine interface systems that In-
clude human figure representaion are presented. Various techniques of the
human figure representation based on kinematics or(and)dynamics are dis-
cussed and representation methods of human body segments such as hand,

face, spine are introduced in this paper.

.M B

Hudsono] 1950dt§ $u} 2] S0 = HE
B Zefdxeles dolE AlL3 o] F[12],
URES o83 Yako) ATe AEE A
2] £=7} welx)n st=gele) spHo]
dalAlHEA Be S8 REopllA AlgmT
ATt e vl QIEj#|o] A9) =HA o) A
FE H37], 252e] Ao AR =2

T CAD Al2”lof o] 27712 #HEE 2
HAXE o] 87 3w Aol ojA= A}
82ke] "olg sl "ol s
aHoR 3PE HRE F, £3oz 7
B ARET AAgRAl A%stnw A
Al 1 Jrg Agg + glod, A2
Al 2 E o] &5HA] BY oy ATEY)
= g BN AR 5 A
He ggs] augoR Ay ¢ gl

+ o] =Ee 1992d ¥F B8 Auo] By A=

* Assn WaEsty
A T

A&
2 3t= Zo| Aol AZEY ] Ao
A7



58 $HZ - Holg

KA LS EE

24%¢) suet s

sl AR GAE AFEiE dAel A
AFE Y A £x7) WA HA Aol =
o o] 4 (Animation) 8] A ZFo g HF
B e A= whAste] dAAle TV &Y
g Az, 71A AA R VA A =
o] A%, th7le] &3 FAHe 2y L, A
o zmEglole) AL, VA £5 =
Y5 FAAS ﬂﬁﬂo}oﬂ"]ﬁ 3l FokellA
I QA AHEE a1 A

Izt —71A Aol AR = 1A
ol CAD AlAH (Man-Modelling CAD
Systems)olA1e] =] AF Ao QU
o] ZTFrE o] A& AT JAAE A
FE 1Y 2E o] gdlod dds= ol
PHoltt. dF 5o, AT RS
CADE o] &3t HAT W -9—7*1}4 AH&
A4 PG7rgs AAGAGA 3T £ ATE
A7t ZABdel A B2e Hokg %‘ F Aot
(9] wetd A} H7HE FAl 38t
7] YEixE 1Al =S CAD Al2=uol
AR L o] QFEL E3 thele] Aol

2 27 e AR e Fold A=
2 AAsT FolRelA Bg Y& AF
st Al aElo| A= Ao ate] &2l FAY
<l el

il 498 M2 vjaste] A
o) Ro] BasM([8], A =4
A9 Zéifé e ¥Hle g ZH:F“
149l ARXl BTl 3319 @
ol ‘?-ﬁ?_ 2l Aol B aAAY 740]‘:}
[41]. o1& sl = A IF9 5S4
Hotaty 1 SAS HFE ol ofgA &
#at A FAstedor she7tE dolof dirt

AAE AFH Lo BEE VEAY
m e olHE A (Jont)} A (Rigid
Segment) 2 FAE & st @edt
A rd (Articulated Model) & X @E8H=
o™, 7 o7} 23 1 ZEE AT
(91

et
.‘l
2
0 V‘O

a8 1. elH BH 29 of

JAME FAE Fofdte Ao
o olyth dustd, JAAE B2 T
A3 AN EZ FAE] sl & A
s g Feo FAE TP, 4
]
L3
13

A
o
s

s ANES AT FEHA0L TAH
wzolt), e PR F24E HB7|
st me B AAE WA wdo] TP
A7, 7+ A AHE Asted )
3 AZbg Baw Boh wEkA, AT A
g =galy] AaE BestE QA %
dol Waaith 2eh, U BesiE <
A v @agol WolA Hed 3 el
pal

7] wjFoltt.

Zpg s PoplMt RRES $HUL
A BAsl7] $iste] #Eo] e K
o (Articulated Model) 9] %ol thsled
we A7 olgelmon], AA A%
(Biomechanics) EoplAME e A7

=359t 2, 50, 13, 27, 34, 24, 30].
PHo| e R ME AFIE A7 o
Aol 1 2RES RO A FHOEE
ArE 2efue] AR Utk wEkA A



F128, F1¥, 1993 6

A mele] HFE s Py

FE a2Egs RopolAs 2RE A9 B
3l A 2o HEY AMEY AYES
AR s 77 iEEAT52].
ZHENA AAAHE SAAYE FA35
7] $18ted QA9 FS ATt 2 AT
2 FE o g AFEHALY dA =
o L3 T AFE 2HHE o] &35}t
I 2d9] SAUE FEAS olu) mylo]
HZ4 8+ 2

b pdnto] oha &
BE Aot A Aete] mo] dHFE 7HeA
sto] F& s XSt e TR
obZ A" g . A BHEE F
9 B4 848 weEy] SsiM e 71
b =% MAES ¥y aud 4LXE
flofiel = Zo] oy, dA
e 4 Ade AN £x9 A
o] aFHER stAlE AR AR
2o #8E FASoF A
QA melo] AMEEE 7 S&EH) 5
ol wet QA F H@stuA} st Fiol
BE g e BadE 2o A4d 2HAA
= 7t g8ol meEt orixlz Wi £
Aok A& S AT FE 2 AP
Ae A 2do] A A FAYH A
o Zlalxle e49 Z@ol Fa3m[54],
o7t e ZEES &F AFelrMe
A 2de] By, & oEl 5ol FaAUAL
olpl BE, £k, B 7wt no 439

T8 AAA7F "o 7].

ERode AFE 2H A Bofo) A
sz o rR] elAe] #BE 7
A7NEIE o, 2= WA ol
Jo] AAAI &2UE Bl 8%
el Kinematics$t DynamicsZ A
g, A —71A QEiHel A A
A UERG olx =Ele vii Addgs)
0% F9] ERThE AA HY

|5

ol e o Ui

2 0

I

W)

Bl o[> o o¥ FI o 2
d

v
dlo

He F AA 38 UHES Mg
, B, T A F&
B 2y BA 7T ES 38elA A

o 3 rfy oy

A= dAY LAY E #As5H= 7]
2l A vr4¢l Kinematics®} Dynam-
icsE AYetsitt. a1, A A9
45 A8 29 A¥ #He] CAD Alx
el AS A, 2 2o Ao AlgH
QA 24 SHE vlw Y3y, o
A —71A AejHo] 2 A A=A ALG
A 2o F2 Kinematics& H}EF O
Skl Ut A 2d 2 Rulbe QF)
Z1AIeke] FZHAER] YA BldH =
A7 (Collision Detection, Path Planning
T)7F FAelEtn AL uixjgto g 9l
o] F9 $}HRUE= A BdHo) FAlo]
Hol A2gE F2F] QA B2 £ Qx|
o] 3¢ WHES aiskint

o b e e

2-1. Kinematics2} Dynamics

Kinematics& o] &8} QA9 $HUYS
fdsteE B2 AAY 74 Ao Y&}
BHEY 4=E 3 33 (Torque)ol
N LHE 7Hste] Aldsles RS 7R
o g2 g}, Keyframing 71¥€ Kinemat-
ics®] 7] 2AQl 7IHole} st oA mw
o] Fdol DynamicsE e uHol A=
Kinematicsoll A} 1188} x] o & (]9
A Sk WREYE R B4 Fo
Az 9583 FHY g 7|Eo g st 7
Ao 7MERE AL, ZF AFY S E
E THAHUA A4S e JAPUE=
Aol ofdo]xde] TrEo] k= Ao
718 7Hgoltt[58, 8].

QA AUl =g A7}t G4 A



60 Stk ks REABITHEE
Hof| x5tz 9led Kinematic T W o] a&™oAe] T AEl= 7e o] 99X
HogE vty QA =do] ofjslold & l%—ﬁ}xlnP 3 AHe BN 87}
g s = low, walA A At —7A % ARl AN Az FH dojd
olE|Hlo] A AlAxHle] Ealo] AlL®ETh I 0,113}‘_ AL A93ta Jot. Inverse Kine-
W, O3 52 o7 o2 e 3 maticsollAe 4 BEEY 3§ HAAY <
st th#Fe] Kinematic AA8E FH|8led A7 Hste T4, F S3HYY A= &
of 3t we]l ALH8]. FE &S & o tiF HgA uejrt o] Fojxolrt HA
@3 $4e Benesh E/] WA[47], A G4E A& F Ak

Eshkol-Wachman X%7] w4, Labano-
tation[8]5 22 #H7IE AH FEY to]
E}E HdAtog ot = Zdnx Kinematics
€ vigog sta Yt

Kinematics= T}A] Forward Kinemat-
1cs®} Inverse Kinematics2 WA Zlo}.
o & Eof of7f BHEEE &L Aoy &3
dE FHst= AA sy BAt
o7 BHERH Z B89 #AxE F1 7
M) dolrt FAXH &E QX E 3
A Ml RAekA 2R S Ak
olx3t H W4]& Forward Kinematics
2} 3} Inverse Kinematicso| A= XA =
o] Zo|9} &9 YRS AAst &5,
BEAY A2 E Ast] 2o GAS o
£t} d & 5] Pelvisoll 14H thejo A
Hho] X1E HoJsta gt Inverse Kin-
ematics& ©|&3te] tiejol P& AAtst

W the 29 29 28 b ANE AL

A[14].
®%
§E

8| 2. Inverse Kinematicsoll
28t &tX|e &Y

_1,:1_1:41 ()

A FE B9 AYH, ZRRE9 5
T2o A, ~2xzx AT, A Gl ALE
¥+ Dynamicsi= I 229 HAA%E
ofudo] S THEV] Hdted ol &HT. AL
ol Fxdles YAt && AAAHA
Hele 94, EAE g9 &8s 5359
BAel] Rl Wi dn, 3HE, A
2A5o] A HAAAHN “AE & 5
ATH39]. 2HY o] BN WHe AAE
Aareted B Algto] 28 FHiAL I&
A AR = GO FAo] o, 3¥s}
12} gk A Edo] B ESE AL
o] ¢F4 A} (Numerical Stability)o] dol=

= 24 uf_% zkn QeH[52]. &Fol EJ}H
A9 F7 A {3 3
2:5_ oToﬂ /\I7LA}‘L- o:i
& o|&3l=

L

2-2. 21Zt—T[A| 2le{H|o|A A|AH S
olx 24

A 11}7} CAD Al 2Ell & o] &3} 7] Al
E

%"-—}1}7} %‘7}3}‘3 2kt o] CAD *]iEﬂ:’x

of 9z} WS HrpstAA shtel F&

2l Alxgle] FHArt. o w MASIILA}

sl= 71AY Aol S5 wal Q3% )l

A 2do 77l & 4§ Yo 1o 4dy

o] Q% HU e WY 5 Qo
1960d Fetter7} *& o2 “Landing

Signal Officer (LSO)” & 713t o]l&% oy



F12%F, F1%, 1993, 6

QA mdef FHFE A3 3y 61

7FA19] Q1A g ¥§5 CAD Aj~Hlo]
ZPEE T LSOE vl37] 2E:AV) 33
Etel ZFelen Fag W Bol: A3
T 9], A7 29 AAst= A|AHo]

AT o] % Fettere= BY Hlg)7] 2249
AAl] 7709 XAE zZra Y= “First
Man”& ¥AZH(ZE 3-a). o] uj9]

JARH] 4= 0=
NYE oL} Fetter:= 1 o]3 “Second
Man”, “Third Man System”, “Third
Woman”, “Fourth Man and Woman”%
MEEHEA o] 59 X$E Rosin
BEY & 58 OFF A 2 S 1
dstA =HoAdvH12]

1969\ ol BYAls HF dxle a7 &
71E8ked vlE Aoz Mg £ = 237h9)
HHE 27 = A =Y Boeman(1¥
3-b)S TEATH11]. o) AXs A 8
= Ad, FYst= T3} #MES AR
7h JEo g 2Hstedol st A A~
< 4% A HAoz £yP5Y). o] ®
22 A B AU dediets vy
W thEy AladEo] 2¥HF| ule} Alg
o] 255 glch,

ol = F2}o] &8 Abol] A 7)) 23} Cyber-
man(la‘ 3-¢)2 Cybernetic Man-Model
s 9vlsl 15709 LinkE 21w 9lon
P Bde] AAnE A8 ggile g
A3 Hel U, AsE Fiez
sto] Sz}, oA, $HAH, Elas o
= 3o Bo) AYow Sz ABH L 3
tt. Cybermane] %] F@ubale A 7
E ?5515}]3 o] 831 low FHYPe|o =
o2 oldted QA =Y Wrhsuz)
A|2Ee] o] Ro)slz] giti= o
= 7FA a1 9l 44, 38].

15719} 38 zt= BUFORD(Z® 3-
d)+= Polygon& o] &3} Q& F3sl
YHbAQl Reache}l zdztel 22918 g3
Z 4 [11]. CAR(Crew Assessment

= gAY Fro

=l

NN ml

lr

i

o o EN
o r]r O_z.,

of Reach)&= A|AEIz}A|oA] 31HS Kol
T leE 2 e oy 3149 ¥
A2 Hol e AAE 2 QA Thepst
A qol it 2o A9-E 7h5A 11

3570 HAE Ztw Ao Ao AL H

dst7] st Bl o] €3 Combiman
(Computerized  Biomechanical Man—
Model) (23 3-e)2 E}QEC] ol &= 93
Moz AAHe el oFg tehiy
oh w3 2zte] BAREE Ak A3
o] SAYS TSI Visibility Plot® ©}
&3t YE 9 Reach Test7} 7453810 38].
Kingsley et al.of] o8} 75l SAM-
MIE(System for Aiding Man Machine

Interaction Evaluation) CAD AJx=leo
21709 B3 17709 AB-EE 21w o}

(29 3-)[9]. SAMMIE: 7 #}9] Re-
ach Test$} Visibility Test7} 7}53}c).
Reach Test= 543 {17429 z41<
o] Z3}+= Reach Prediction® Reach En-
velope, Z12]11 Reach Volume& #AH4ls}l=
37HA] HElE QoF% 1, Visibility Test 2=
Visibility Chart®} Perspective ViewE %
s Alobg Y= F74x gae] 9n}.
R A9 Yol 2B AR FHY
o HHE BT 45 Utk 1 F
o0 ade $8 Zugdime] AmAe
BGA717] 18l kgt 7)%0] H7rE
oh. w3 IGESy49] Hlolelele] T 3lo)
5HEL9, 23], o] AaHe BT Ba
o] CAD Alz9hz @2 Qe 7144
A, H973 Aol A8 + Adxe wg
4e 2 9o,

X}%i} FED Lol %9 Fol o9 2
A EFE A7l YsiA Willmert=
3 eﬂfﬂi’*ﬂ JAAE 33T AH
A AlxEe 3xk9le] dAo g Ve
olAY IS FE FE AYozE Pro
metheus QA Tdlo] Qr}[54].

ergoSPACEE 7B} & A|Adae g



62 FAZ - Bele REAHT At

A
,’!L-'.
Y/}

N

‘A‘w

]
|

/]

N\

NY

Yl
5\

\ &=

IN
AT
N, =5
AV, P
YA

\
Y
kﬂ!-:

W

(d) BUFORD

(e) Combiman (fy SAMMIE

a3 3. 2EY XA EH el



Fr2%, F1%, 1993 6

A wde] HFH Fgs gy

63

2] H8 CADAJ~HEIe] AutoCADE o] &
B AxgonA 17749 U o] ol
A}, 2219 2HlQl ergoSHAPEO|A] ¥HH
3t AlA®”lo|m  Stick Figure®t Fleshed
Model®] 77} gejol Al @ 4L
AlgstH, oel Al~ElFle] FT8E 95}o]
DXF Format& A3}l rt. o]} €A}
gk Al~®"l © 2 A Mannequine] ¢lt}. o} 9]
o] Torqueman, Liftman, Foreman)[36],
WERNER, TADAPS A]~gl, CREW
CHIEF[22], ATB(Articulated Total
Body Model)[1]% 0] 2lt).

2-3. QAo B 2y

ol AelNt TR $4& 9ist] A
e AFEH aEs A2EES 9
wdl 5o B 54 A
8}t ]

O’Donnell & 3}F HolollA FgFee]
oJH|AE  HYPsl= AZLEYo]Ql
GRAMPS& o]g3sled ADAM(A Dial
Activated Man)& FA3I9EL. Ba=
ADAME GRAMPS9] 7]®.4¢] meo]o|
oty st MI, v F2EL FAE
7 At @3 Keyframing 7S 7]&
o atar Qlr.

Herbison-Evans= NUDES(Numerical
Utility Displaying Ellipsoid Solids) =2 1
HE WAt o] AlxElofx zF 2]
(4 Z3) &= ElYd o TdEE AxF o
2 20709 B3-S e 7 xATE A4
Ao H5:d P4 2u lorz Sau
sage Personolztil E&t}[19]. E}do] A
HAAHA PR Fojrb= Aol mete] 4
i, MEl SE7h w2 dhHel ¢tog m=
g FEle] HA) oz go] glrt. NUDES
= E dv) a8 4o el Qo[ 19,

=
T

13| 4. Sausage Person

18].

Badler& FAlo 2 70dt] Zule] 7t
¥ Bubbleman& 20789 # =9} 19749
BHEE Zu Qo QIAE  Spheres}
Bubble9] H3AZ T&sIGon gogoz
79 gAsh PAHA ehgivh. TP 7o}
A, A gAole] ¥RPE sole 4
o5, 11, 8].

1982\d Calvert et al.& Kinematicsol
7128 T3 on, 23709 =jH9} 227)
o] BEE o]FolH Y YA AFH 1
B =YL BEIAY. 50 U Y
HlolE} 24 Labanotation® 2 7% A8
g ol $AYE PFHH LHow ¥
e oY, A ZE A AF .
sk eEgkth. Al4tE QAo &)
StickFigure® 333}t
Stick-Figure2 T &s= WHale
of BHE A% ol AR} W] YA
shebshiz Bl ofzi o] 2ATH 8],

Zeltzer= ZRE A9 T78i® ool A
o e Nde g Hol s
Bael =& uehly) 9lskel Motor
Control 7Hd& =J3lct. AAe zE=

w2 by O g
flo o X



64 x| e Aol NGRS
el wsle ¢HYsY IPoz A
zdo] 5 RANYT A8 Sol, &7} Alnl |
go] gAY Erhe s shtel &3
o] olT e £7lEe SN A B {l
A7 ez £ &5 AW B .
AE vz TEaAsle], S5 2&
2 WEAAM Yile £FS HBBTH:
se2 747 QA %
= Y N @
s

Aojt}k, 1= 22749 X
298 2 stATH56].
Korein®} Badler= Goal -Directed Mo-
tionol 2= EE A& =8kt Goal-
Directed Motiono|& o & o], &3}
i she £ XE Fiu o7y ZEA
BHY L g At FAYPE FHs=
ojm| gt} AREA7E B2 AR
kg stool JE A~ E AAY
oA REo E(d, &8)9 EX
24 5E o7, BEA], £53F9
A" = AA E=HAdo 159 A
Al e Kinematicsol 712& Fi1 &
, 3N, #¥ 5L ndiiel ofy
. Wtﬂ Goal-Directed Motiong 27|
98kod Analytic si], XA W TS
st 25]. ©]F Goal-Directed Mo-
Inverse Kinematics® EglojX]11

F

ok
>
rLlo

> o oofl 2
4 o
o

T
o r

m%o“

0 32 Bl ot N o mh

£

tion2
Aot

Girad®} Maciejewski[14 ]:== PODA ©j
Urjlo]4d AAdlolq A18d 3 2P S
ttele] &% Zdo A At o

&5 A
o Bl S FE V1A U £F

AR
#3835}t Key Framezte] B7HHTEO
AArE @A 2% (Interpolated Jomt
Position) = 18 504 AT ¢ =
Aol Aot
Z, dnjcto] iz %%

x| 5tejol Frh= AT
il Aolth. whEtA 15 ©

==

sots vd g gEeE
e RTH 14 2 0193 EHQV'E_E A A

Key2 Position Interpolated Position Key 1 Position

g 5. "H7F AlMe R HojE cla| &4

£2)E

B@et= W (d, 59
&} ]“O] E}XPE]CHE}[IS]
Zgj 2] Kinematic
AAdstx] ZYE FARUAE
J4g AFst7] AsiA Dynam-
ic Approac £ A3}, DynamicsE
2317 Ya)A leﬂ_,] v A Aol 7 A
FAe ey B AR WA
al7] {18t Zt -‘4”4 A Ee| A
7} A %7] (Damper)”7F Q= Zo g Az
o o] Agstel walel )
SHAWZE FAEE —’0}0}"3‘:}
b e s AR A7 3
7HAste] QA mdE o Ao H}‘Z.‘ﬁ__i
Sojrbe 49E AANES st e
9] z&Ert}t sl = = Control Informa-
tiong ¥oj3}t7] $13) Viryasts 289 o
OElg AT 19 68 o) Axdo
2 utE Qly Rdlo] vy g Hide] doi
Ae JAS BT QIp(52].

1A 9] ofg] FRo| Ztz} madtedol &}
= AL FoF w A HF FEE
ABAEE7] 9% W& 18igk POSIT A
25 Badler et al. A|¢H3IATH 6] AE &
o], &8} FZo| £Z3ledof k= AAI7}
Fold u) TR A} Q4E wEFHdE=A
g geleln HEaE AE AA YYS B
S 23X FE5A &l YA|steo &t

=
T

EE

(R r?L

o 2 O o rlr

0{1



Fr28, F1¥, 1993 6

AH melo] HFH s Wy 65

0 033333 0 200000

0 433338 0 566661

0 633327 - l? 1 033323 I
% p==——t==u

a8 6. AL HolX|l= Gt

AS 273} Tgo] m@stoio} st A
229 7t (A7 2A)E 18
of 7V MRS WA uol i
o oluf, AXAFex sk -} Q%)
FEAlol = 7k Axzgo] =R st
2SI 2 7VEAE 2 AT S
T2 A4Stk 18 79 19 8L 15
o el olsted AHE WAL HoEm
Atk AL BEAHoIH, A7 A
A Aol e ML ~ma S vhepdc

a7 7oA Q1A Faol ezo] g% 9}
BEAY EBAHES BF UEAF|H] B
sled 159 AEAE Hidse YA
HITHH7 ® AL B3 ok, oy 8
2 QAT el grolls J4S TE7]
AR AA G} Ex 1o BAE R
a ot

Armstrong et al.2 Dynamicso)] 7]
14709 AAE ES A ¥

i

Olt
—

¢

2

Sk

o B

d*=4+d

32 8. 9ol gte =5

it DynamicsollAl 278 = thitRe A
e T3] ko] 3 el A5:9] A uk
< Controlgl 1 th2 X5 Ao x
Aol FaQdel we} AdAgA gRo|nE
A E 18e Ae 38
Limb Process®} Global Process® T3}
Sth Limb Process= Q1%9] &-2lelo)] &}
Hel A7} 7HE 3l ProcessE o)n|dhi
Global Process= Q1#|9] 78 & §x5=
AXY o9 AA7} T} = ProcessE
ouigitt. 15 YL ofudlol A A4 =
el FFols QA REL BU f2e &
s HTFE FAE 5 s B4 2 9
o 4].

Hoffmann®} Hopcroft:= gulzel 7|3}
SHAQ RHo 5L 29 H¥s= AA



56 iz ke

3ol

KEEAR C8eE

of

Eﬂ__ —70]-3].0;] Oliﬂ 1:1\:-110] ,]X}Oﬂ/ﬂ olo.]
Me Aol o) Ay S BAFAN
ol=9] md o Kinematics®} DynamicsZ
E3sln Ari[20]. Hahn& Dynamics§
ol g5te] AnrAel 2 (Rigid Body) 9 &
= A AAdsts S Ajtattt. 3
Ao ol %%O] =10 T RSP = i K
A AElo A Bld 4= 9lom X e
Az AHG 19 Axdoz AfPsied B
JTH[17]. Lt ZAe &5 A Al
~elolmg 7vest o1 e (5709 AA)
ElacaiA ko) el
Witkini#t Kasst= 2% Spacetime
ConstaintsZt= 7/IES AetsiAct. o) 74
do Az|HeA BAAEAA olFsteHl &
2 A) (Objective Function)& #4:8}(4l, 3
~3ke] ] 428, HE &5 AIKEE)S
HA o] 5 uly 011‘?:3% zdste e
o7 Folx Qi olF EA 9 B T
| 2270 AR F e ¥, vk
=Alo aEshE HHelth
9] A%y npx|et A4S THEX
2
=

X
%9
(o]

-

el 2 B AA 7hal

2 AN N 12 BN

=
£ ooy
=
1

£ ko ov 5
b

Lo
N
il
a2
N
0,
4
rTr
_1
er
)

o= #(Lamp)i o] &3t
Hﬁﬂo}‘}i

il w}ﬁ‘r ERl
Aoyar A 3}1 2l 2l
A@s7] SlshA e —%H} 2240 74
Zastttn ARFEIATS5]. 1™ 9=
o] M ZZo] 3t o2 B F11 79
o agols vidoli el At Ao
7V4etn worde] & 27 $27 A%
z7e @55 AT FA4L BRY £ 9

el

K orlo e 1o K

%
Omt"m
c
e
(o)

- —

r1r Ji

£

Thalmann—,——r = MIRA[31]¢} MIRAN-
IM[32]0 o} = oHL]uﬂ 1&4 }\]/\Eﬂ Lo 7HHL;}
a7 Abstract Muscle Action(AMA)3}

AR
[e)

Expression Key-Frame Interpolations =

g 9:

gjzo| Tof

&3t Human Factory Al2®& o] &3}
w5 G4SNt 28],
Lee of ale A7} 2AE Soigele
Bgo] 2] Al we W AL
HAUA HolFE Kinematics?t Dy-
namicsE | _LEJIGJ Al AE S ¢keEY
o, 258 Qe Fold S bed
3k Ak AelelA FRsty dtte M
Ao QA F&e drsart. dAe
29 FA wEt £HAA P Jerk) &
&AL *Hi—f_’r R
Nu wg gzdE A
e 189 "]
oALFE BEXd EAE
st Aol AA AARE Tl BV
@ A4 AYE B4 ol5ARE W8 v}
= o] 7hEsitt26].

Mirolo¢} Pagello= WM (World Model-
g olgolel il i) GBE P

k. WME QlulA ¢l grEeo &X9g
ue%}a% Negow 7 AR

2

4—340}04 EEE«] oS AZGY & A
on 252 vl A4 = ACt[341]
Hdo] = EAolA Inverse Kinemat-



F12%, 1%, 1993 ¢

A wele) 7y ¥k why 67

% 10. ll—Conditioned &#| 2 o

olyd FAHL FAE siAst= Wl
A AR = o] ool FA FHEf 2ol
A 2RO B 4 itk Maciejewski =
Kinematicso| A} 235} o)2f 3l 23S
s Z23st7] 938le] Damped Least Squares
e WS AR olgd whE S Dy-
namic AN T X L35 27].

University of Pennsylvaniaol4] o1 »
o] ool -G Qs NEF Jack AlA
H 2 DynamicsZ vjA| 3+ Kinematics 2d
= AH&sta Atk Jacke 36709 BHL
8871} AREE 2=t 28L HF
o] F, T Z el WE <lx 9
59 BRshzH: S G 8

=

T

2aka) griets @z
= 4 alotn *gagc 74
FASES U wen SWE v

Mk Ao Lo %Y
Ir
r

ARTT

DR whso] QA7 A E 38 A 4
e F4L WEEE pHERCH42].
JackelAl  AlE2E= Interactive Control
[43]0] A3 A 5o] Qrt.

2REY 7154E A7sAA AA o
g Fael Apr} wol FYslojHrH45,
7, 50, 33, 40]. ©]% Bruderlin® KLAW
(Keyframe-L.ess Animation of Walking)
A2 S st AAY Ae Holg

B 9jsted Aol YBe FE 257
o W5E Fshn Wael Wkl We A
dolo] aetd e BAY 4 AESF A2w

T%319 ). Kinematics€t Dynamics®)
HE FAlOl sty lom Bg Hol
of w}sl Pelvis7} Hol= AL #aE
F ATH 7]

Raibert9} Hodgins= t}he]e] €3
7 wseleA gA4EE S5
227], AEZFE A § Ys A~
Azgle dAel el
olil YwkAQl gElr} e FE, ERE

W= BAlsle] YA BE 5

HASH[45].

ok o
e, 12
o =

Mg oo
2

O,
HT
J

It J
K oo
o

. elHo] £ERol B Uy

2lME A HAAAH] BHRCE
FEAJ B FHE E 2E S

tiste] gotw 7|2 e,

3-1. &2 B3

a8 1. 22| x5



68 AT - QoS KEART2aE
g #a olFA7IH WHEe &S A7 Aog s|AdE PHoz F= X9 AR
3171 93t 1A £9] 7)5E Aot o 7ve] Az oA Aol vEA E8A A
77} Ryt detE &0 FAUE A AL g, o] F& e EETY
£y aHgog QARSI dlas] HHA Aol gaHoltt. 1Y 12 &7 &
Juoh}t AH3s) o Y-S ol =THE 3l HAE B 1 AuH[16].

238 % 3 ek
g0 BHe Fo B thael B

b wo) 2ol 2l Mol 2850 A=
4& 2482 drheul 2ok Rijpkemash
Girade 94 &71=He 5709 A =g %
I Q3 o E&EEL 1Y AREE
2= Qo JHAste &8 RdE TEN
t}. &71ee] $49 S Kinematics®2 B&
st &rieeEn Zb &rbete] @A e
A3 EBPdolAe ke Az Ry

2 =
&7t $AYS Zdshs S actskd
ok 3 &b FARYder RE EFE
2 5 Ye 570 E F URF A4 7
Az 2l BHEAG Id" 118 o] A
~Ho2 FAHH &9 FAE Bof F1 9]
TH[46]

Gourret et al.& FaoA] Gz 3jA|

AL 5= {3 24 s (Finite Element
Method) & AM&3le] &7jeke] F2UYE &
Mated GAS e W RERTHE
Erigto] ol u o R WYy BES F

ofl

a8l 12, 2viete] 28

AA
olojol £o §HAL

[49], [10], [48]1501 4 2A% 4 vk,
3294 =

AA Y o o] ,
o, ¥ A4 AFEEY A &
AMEE I ok AL dEFe ANAY TA
< Ags) e FHOE g IF
o7 1 g4 A g4F& ATl
=d ded wHazl FPef(Conforma-
tion) W42} B ¥ (Expression) W7 A
ot el Hae "ol o], olut yH, ¥
52 z7), 7o ZHol, w1 & Ao} ZHo|
Sog feluitt o E FHE Vehls W
Folal B WeE S veid o g

Aste AR EE HaolH

a2l 13, g2l Yt



F125F, $15, 1993, 6

QA mee) PEE

3495} 4y 69

2@ W55 doluk. e oldA B
4 AR WhE PBP Fo= o
Foix|z] Akt Parke: ol2i@ wW4E
£ WsAIEA 22 TR gae
gEdstel 292 A4stgnt. W5 3
& HYs) WEAYEY 2E B, Bob
BE5S 44E Ak 1Y 138 @ o2
wol 3 QITH41].

Waters= Parke?d] @& ojust 9=
topologyoll &= AMEE 4= =& SGA AT

[51].
3-3. Sty( Spine)

Aol Ewi= HA 33709 Vertebrag
TAEH Jow HA BEo g2 #
oqst= AL 17709 Vertebra2}l 187]9]
BUEIT 7 BHLS St bl Ahe

E 235t Jor[15], tgy B-o)
EO%H dAe gt BF YL F¥
& 7 Uds Aol

We QA Bdse A 29 Yl
WA mde) vaslg sl SME a4
A2 7] wAG A

ofuidlol o] Hel &7} Wl HA] o] A
= BAel Ak 7o

A-J wE qdo] Ha ses) xu
Monheit9} Badler= Kinematics& o] 28}
o F%9 e 5w B sh}

Yo Fdst] REel g A FHE
2E& & AATH30] AL Swe) 52g
289 JackAlzWol Eghste] AlaElg
FEsac.

v.&2 £

olgel M el Ao WAL ZEH
IUPLE ol gate] FHfE AEE I

—71A A2 A" &, vl A
F, 59 29 4y, 9st5oA e
2 28EY e RE LU 2Av| o

AR Mo s HEHY 9Ed A w
doj A dAoll= Kinematics$} Dynamics
g Aol ZeE churlo]dog & 5o
HiuE dAY FAYE B FE Ao
2 HsEeS ¢ 4 ok w3 Qo
BE Bd 29%S s sy AR A7) A
stofof stel Al2'le Hab Algabr)h ‘gro
2 Ho7 AL, ‘B E o] HYE So] &
Z]Al '8t = 59 High Level H&oj g A}
§3to] QA9 F2E 342} T A 9A
UTH[53]. AF

o] o g A

2ol o H
N
2
0,
=
N,
[o
N

lo W rir ¥ o
i
Mo
rlo
Eh)
3K
o
M
fc)
i3
[
Mo
o
2
>

w
2
R
El
20
fr

04
%,
lo
fH
gﬂ‘.’
2
o
Ex

2] °}E} [3], [21]5el o] &
O ZEAQ0 HH7) AEso] Q)
B ojuydo]Hell e g S0 A
914 HAE 5 Art.

=

2 RSOk gk X 30 )
ERE
£
n[')l

flo "
= 3

=
[S]

= N

o

[1] Aoz, “AA g5 AE 2y 7)
7, ¥g3Aue A POSTECH
P90025, 1991.

[2] Amirouche, F. M. L., Ider, S. K.,
and Trimble, J., “Analytical Method
for the Analysis and Simulation of
Human Locomotion”, J. of Biome-

chanical Engineering, Vol. 112, pp.



70 AR Z - Aos K AR T8k
379-386, Nov. 1990. 279, June 1989.
[3] Angle, E., Computer Graphics, [11] Dooley, M., “Anthropometric Model-
Addison Wesley, 1990. ing Programs — A Survery”, IEEE
[4] Armstrong, W.W., Green, M., and Computer Graphics and Applications,
Lake, R., “Near-Real-Time Control Vol. 2, No. 9, pp. 17-25, Nov. 1982.
of Human Figure Models”, IEEE  [12] Fetter, W. A., “A Progression of
Computer Graphics and Applications, Human Figures Simulated by Com-
Vol. 7, No. 6, pp. 52-61, June 1987. puter Graphics”, IEEE Computer
[5] Badler, N. I, ORourke, J., and Graphics and Applications, Vol. 2,
Toltzis, H., “A Spherical Representa- No. 9, pp. 9-13, Nov. 1982.
tion of of a Human Body for Visua-  [13] Girad, M., “Interactive Design of 3—
lizing Movement”, Proc. IEEE, Vol. D Computer-Animated Legged Ani-
67, No. 10, pp. 1397-1403, 1979. mal Motion”, IEEE Computer Graph-
[6] Badler, N. I., Manoochehri, K. H., ics and Applications, Vol. 7, No. 6,
and Waters, G., “Articulated Fig- pp. 3951, June 1987.
ure Positioning by Multiple Con-  [14] Girad, M. and Maciejewski, A. A,
straints”, IEEE Computer Graphics “Computational Modelling for the
and Applications, Vol, 7, No. 6, pp. Computer Animation of Legged IMig-
28-38, June 1987. ures”, ACM SigGraph, Vol. 19, No.
[7] Bruderlin, A. and Calvert, T. W., 3, pp. 263269, 1985.
“Goal Directed, Dynamic Anima- [15] Goel, V. K., “Three-Dimensional
tion of Human Walking”, Compuler Motion Behavior of the Human
Graphics, Vol. 23, No. 3, pp. 233- Spine—~A Question of Terminology”,
242, July 1989. J. of Biomechanical Engineering, Vol.
[8] Calvert, T. W., Chapman, J., and 109, pp. 353-355, Nov. 1987.
Patla, A., “Aspects of the Kinemat-  [16] Gourret, J.—p., Magnenat—Thal-
ic Simulationof Human Movement”, mann, N., and D. Thalmann, “Simu-
IEEE Computer Graphics and Appli- lation of Object and Human Skin
cations, Vol. 2. No. 9, pp. 41-50, Deformations in a Grasping Task”,
Nov. 1982. Computer Graphics, Vol. 23, No. 3,
[9] Case, K., Bonney, M. C., and Por- pp. 21—30, July 1989.
ter, J. M., “Computer Graphics [17] Hahn, J. K., “Realistic Animation
Standards for Man Modeling”, Com- of Rigid Bodies”, Computer Graph-
puter Aided Design, Vol. 23, No. 4, ics, Vol. 22, No. 4, pp. 299-308,
pp. 257268, May 1991. Aug. 1988.
[10] Cutkosky, M. R., “On Grasp Choice, [18] Herbison-Evans, D., “Real-Time

Grap Models, and the Design of
Hands for Manufacturing Tasks”,
IEEE Transaction on Robotics and
Automation, Vol. 5, No. 3, pp. 269

Animation of Human Figure Draw-
ings with Hidden Lines Omitted”,
IEEE Computer Graphics and Appli-
cations, Vol. 2, No. 9, pp. 2733,



F12%, $19E, 1993. 6 oA o] HFE Wads w4 71
Nov. 1982. Computer Graphics and Applications,
[19] Herbison-Evans, D., “NUDES 2 : A Vol. 10, No. 3, pp. 6371, 1990.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Numeric Utility Displaying Ellipsoid
Solids”, Computer Graphics, Vol. 12,
No. 3, pp. 354-356, Aug. 1978.
Hoffmann, C. M. and Hopcroft, J.
E., “Simulation of Physical Systems
from Geometric Models”, I[EEE
Journal of Robotics and Automation,
Vol. RA-3, No. 3, pp. 194-206,
June 1987.

Johnson, N., Advanced Graphics in
C : Programming and Techniques,
MaGraw-Hill, 1987.

Karwowski, W., Genaidy, A. M,
and Asfour, S. S., Computer Aided
Ergonomics, Taylor, Francis, 1990.
Kingsley, E. C., Schofield, N. A.,
and Case, K., “SAMMIE-A Com-
puter Aid for Man Machine Model-
ling”, Coputer Graphics, Vol. 15, No.
3, pp. 163-169, Aug. 1981.

Kinzel, G. L. and Gutkowski, L. J.,
“Joint Models, Degrees of Freedom,
and Anatomical Motion Measure-
ment”, J. of Biomechanical Engineer-
ing, Vol. 105, pp. 5562, Feb. 1983.
Korein, J. U. and Badler, N. I,
“Techniques for Generating the
Goal — Directed Motion of Artic-
ulated Structures”, IEEE Computer
Graphics and Applications, Vol.2, No.
9, pp. 71-81, Nov. 1982.

Lee, P., Wei, S., Zhao, J., and
Badler, N. L., “Strength Guided Mo-
tion”, Computer Graphics, Vol. 24,
No. 4, pp. 253262, Aug. 1990.
Maciejewski, A. A., “Dealing with
the [1-Conditioned Equations of Mo-
tion for Articulated Figures”, IEEE

[28] Magnenat — Thalmann, N.and Thal-

[29]

[30]

[31]

[32]

[33]

[34]

mann, D], “The Direction of Synthetic
Actors in the Film Rendez—vous a
Montreal”, IEEE computer Graphics
and Applications, Vol. 6, pp. 9—19,
Dec. 1987.

Magnenat —Thalmann, N. and Thal-
mann, D., “An Idexed Bibliography
IEEE
Computer Graphics and Applications,
Vol. 5, No. 6, pp. 76 —86, July 1985.

Magnenat — Thalmann, N. and Thal-
mann, D., Computer Animation :
Theory and Practice,
Verlang, Tokyo, 1985.
Magnenat — Thalmann, N. and Thal-
mann, d., “The Use of High—Level
3—D Graphical Types in the Mira
Animation System”, IEEE Computer
Graphics and Applications, Vol. 3,
pp. 9—16, Dec. 1983.
Magnenat — Thalmann, N., Thalmann,
D., and Fortin, M., “Miranim : An Ex-
tensible Director—Oriented System
for the Animation of Realistic Imag-
es”, IEEE Computer Graphics and Ap-
plications, Vol. 5, pp.61—73, Mar.
1985.

McKenna, M. and Zeltzer, D., “Dy-
namic Simulation of Autonomous
Legged Locomotion”, Computer
Graphics, Vol. 24, No. 4, pp. 29-38,
Aug. 1990.

Mirolo, C. and Pagello, E., “A Solid
Modeling System for Robot Action
Planning”, IEEE Computer Graphics
and Applications, Vol. 9, No. 1, pp.

on Computer Animation”,

Springer —



72 3T« Aol KEEARTSEE
55-69, Jan. 1989. Articulated  Figures”, Computer
[35] Monheit, G. and Badler, N. 1., “A Graphics, Vol. 25, No. 4, pp. 359—
Kinematic Model of the Human 362, July 1991.
Spine and Torso”, IEEE Computer  [43] Phillips, C. B., Zhao, J., and Bader,
Graphics and Applications, Vol. 11, N. I, “Interactive Real-Time
No. 2, pp. 29-37, March 1991. Articulated Figure Manipulation
[36] NRC  Series, Human Factors— Using Multiple Kinematic Con-
Ergonomic Models of Anthropometry, straints”, Computer Graphics, Vol.
Human Bionechanics, and operator 24, No. 2, pp. 245-250, 1990.
Equipment Interface, National Acad- [44] Porter, J. M., Case, K., and Bonny,
emy Press, 1984. M. C., Computer Workspace Model-
[37] O'Donnell, T. J. and Olson, A. J., ling, Taylor, Francis, pp. 472—499.
“GRAMPS-A Graphical Language [45] Raibert, M. H. and Hodgins, J. K.,
Interpreter for Real-Time, Interac- “Animation of Dynamic Legged Lo-
tive, Three-Dimensional Picture Ed- comotion”, Computer Graphics, Vol.
iting and Animation”, Computer 25, No. 4, pp. 349-358, July 1991.
Graphics, Vol. 15, No. 3, pp. 133— [46] Rijpkema, H. and Girad, M., “Com-
142, Aug. 198]. puter Animation of Knowledge
[38] Okey, R. E., Suffel, C., and Blount Based Human Grasping” Computer
G. N., “Initial Work on a System- Graphics, Vol. 25, No. 4, pp. 339-
Independent Computer Model of a 348, July 1991.
3D  Anthropomorphic Dummy”, [47] Singh, A., Beatty, J. C., Booth, K.
Computer—Aided Design, Vol. 21, No. S., and Ryman, R., “A Graphics Ed-
6, pp. 393403, July/August 1989. itor for Benesh Movement Nota-
[39] Onyshko, S. and Winter, D. A., “A tion”, Computer Graphics, Vol. 17,
Mathematical Model for The Dy- No. 3, pp. 5162, July 1983.
namics of Human Locomotion”, J. [48] Terzopoulos, D., Platt, J., Barr, A.,
biomechanics, Vol. 13, No. 4, pp. 361 and Fleischer, K. “Elastically
-368, 1980. Deformable  Models”, Computer
[40] Pandy, M. G., “A Numerical Meth- Graphics, Vol. 21, No. 4, pp. 205—-
od for Simulating the Dynamics of 214, July 1987.
Human Walking”, J. Biomechanics, [49] Thompson, D. E. and Giurintano, D.
Vol. 21, No. 12, pp. 1043-1051, J., “A Kinematic Model of The
1988. Flexor Tendons of the Hand”, J.
[41] Parke, F. 1., “Parameterized Models Biomechanics, Vol. 22, No. 4, pp.
for Facial Animation”, IEEE Com- 327-334, 1989.
puter Graphics and Applications, Vol. [50] Waldron, K. J., “Force and Motion
2, No. 9, pp. 6168, Nov. 1982. Management in Legged Locomo-
[42] Phillips, C. B. and Badler, N. I, “In- tion”, IEEE J. of Robotics and Auto-

teractive Behaviors for

Bipedal

mation, Vol. RA-2, No. 4, pp. 214-



F129, $13, 1993 6

A mdel HFE st

ik 73

[51]

[62]

[53]

220, Dec. 1986.

Waters, K., “A Muscle Model for
Animating Three-Dimensional Fa-
cial Expression”, Computer Graphics
, Vol. 21, No. 4, pp. 17-34, July
1987.

Wilhelms, J., “Using Dynamic Anal-
ysis for Realistic Animation of
Articulated Bodies”, IEEE Computer
Graphics and Applications, Vol. 7,
No. 6, pp. 12-27, June 1987.
Wihelms, J., “Towards Automatic
Motion Control”, IEEE computer
Graphics and Applications, Vol. 7,

[54]

[55]

[56]

No. 4, pp. 1122, April 1987.

Willmert, K. D., “Visualizing Human
Body Motion Simulations”, [EEE
Compurt Graphics and Applications,

Vol. 2, No. 9, pp. 35—38, Nov.
1982.

Within, A. and Kass, M. “Spa-
cetime  Comstraints”,  Computer

Graphics, Vol. 22, No. 4, pp. 159—
168, Aug. 1988.

Zeltzer, D.,— “Motor Control Tech-
niques for Figure Animation”, IEEE"
Computer Graphics and Applications,
Vol. 2, No. 9, pp. 53-59, Nov. 1982.




