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An Efficient Generation of Walking and Running Motion
on Various Terrains

MiYoung Song' - Hyungle Cho™

ABSTRACT

In 3D animation most people adjust the moving motion of their characters on various terrains by using motion data acquired with the
motion capture equipment. The motion data can be used to present real human motions naturally, but the data must be captured again to
apply to the different terrains from those given at acquiring mode. In addition, there would be a difficulty when applying the data to other
characters, in that case the motion data must be captured newly or the existing motion data must be heavily edited manually.

In this paper we propose a unified method to generate human motions of walking and running for various terrains such as flat plane,
inclined plane, stairway and irregular face. With these methods we are able to generate human motions controlled by the parameters :
body height, moving speed, stride, etc.

In the proposed methods, the positions and angles of joint can be calculated by using inverse kinematics, and we calculate the
trajectory of the swing leg and pelvis according to the cubic spline. With these methods we were presented moving motions using a
model of a human body.

Key Words : Walking Motion, Running Motion, Moving Trajectory, Inverse Kinematics, Cubic Spline

1.M & F A6l o HEHA A AL S Az A
Zoz AT Yd3e M vl Loagez A g2

H2 =l J+ AZEole] F43 dHoz A77F olFol A YH1-2]
ke A Fokst 7MY EA Al Bope wEA A 71&9 339 74a4Ad Wed AYH A B4 A
Sk 53 AREHY 2anE3h q&Fs Ao wet gt At B2 Ao /WS Za AR AYd by A
AL V€ol BFd A e A2 AE AL $x9 APEe) 3 FHaE dE $A Y F O
A FAolch 3aY s EAolY AY FEopell A A HBol SN P XYL dHET HERZL
g HEE 9@dAY 3 F8 JAA APl tE EATS wiidsld gdsia glojA BEAARZ FAF AT
e =7A &z, AYe zdov eyt 2ekAd AY
J;’:jgg:%gﬁﬁﬁﬂfaggggﬁlgﬂw Elo] wrgo] AW ~2HEAY wole o_«l RAAzE
FERS 20069 119 149, AAEE 20064 19 269 T2toz Q) AMEE ABpAIZIY ol EAEES I



188 AEKXIEG=2X B M13-Bn M2z=(20064)

Mst7] fate] A2 3xY AA 2dYo *}%‘@ o o
3 zp Hopd #Alo] FobAd] wet B W Ao I X
2+ (Motion Capture) AlZHe] 3 A7t g4 S
o ok sA 228 & HelHE FAgeR AJs
ojof st MAZEOR AF ANToR FAL A
dE ooz ol dAdsy] 9% & B4 e A
T7F FR3ItHL, 3-4).

mEbA o] dFE e 2dE Aostm, AN &3
o] AAZ wRoz HE ufHse HLESHL olL3d
ol TFE A4, HA - AA - AT FIH T A
30 me M2 o 7]EE ALstd 58& AAst

Aol ohiet oim@ AYolEA HEARY olF TAE

ﬂ-l

rir oﬁi

o
re
-1
(o]
[\"}
o3
=2
R
rir
of
Y
B
2
N
% oL
X
)
o2
r
B
ok
2,

A Aqe) A2l B4s A 2ae AYsn, 430
oF $2¢ AT A4 $49 A el Y
o=

S
—_
Mooy ol ot 2

A% ALY 2dSe AN 27 $3% 9¥7) $a 4
4 A%E A, sAten TR E BEL Aok

2 #H Ay

32 AYE ojywlol Ao Azel glojAl, M A

dstr] e 221 wHe vxd 49 13
< sHer AL AYse VS
T8t T2 Ao} 71wl 5]

rln
of
2
-3
2
3
"o
o
_13i
[o
g
414
obo
)
£

= ]
(Key-Frame Techniques)& *|7+&d

Ho 24 Zxe AYY AAH T2

£ FAM FEL Aofste WPoR T
&L A8 B T3] Aol Fasitis]

%584 71 (Kinematics Techniques)& 71Z# &
43t 71ZA Y T AdxE AF FAE A H4HE
B 718E Hgse] 24 g 3 AA(oint position)
o 4x2ie B F HX(end effector)& EFFH W
Moz AEdte] 2L AAsE Bty 6-91. ol 7]
Hozt 74]"‘?7‘4 el e #dE 2FEA T2
Aojste A&g(forward kinematics) ¥} AFT 2
SRtk ;JL 4’%% z4ste §ag Aojshe v
(inverse kinematics) ¥% Sol vt £5%4 7|f2 74

}

of 41 HBAATS AU AT + fon AR

H
249 29 44

fo] HojAq AT T3 B HPsA R, AA AH
Ze Adxsd 5L Y4drlde A 7=
ZHel 47 B23E ¢ B3 Wilo] Basiti4, 6-91

983 719 (Dynamics Techniques)2 W& A9 zZ+&
o} Zrig s, WY Feo Bl dgs dwe 7F
o o) g AAste wHeltH4] 984 JIME
71z Y9 #AF(key-framed trajectories)S <=3} Aol
A Rshe EFIAA v FAAE A 98 A
At 998 F& AT A - g9 forward and
inverse dynamics) (2, 4, 101, AA A& Sl Azt
o we} Wste 259 ¥4 $HYE AdEd T2 A
3l A1 ZZE A4 (spacetime constraints) 4, 11-12],
a8z Jpe AYEZ PEAENA FEAY 2L &
BHoZ AY + At HEE(controller) W4, 13] T
o] itk o7 9oty sPe H2 2AWLERRE I A
74 S AR Aol Aoy @A FAYE JAY
13, ohokst A8 zel wpe} o AlEeold 2
44 € F e ARl ok 2y EEHA A
o 7& AAs v A R EYEA g AAg
o] gez 3, Folrg FAHo|x FAFAHL Aolst
7bsdte] ABRE dE38t7] oHdAM AFdE THE X
5t7] o@ o AAL vl 89 Rio] Atk W it
2 #4 71"¥(Motion Editing Techniques)& =4 744
oA dolzl HolHE o] &3t AlgAe &Ed w
Mz g2 5259 d2¢ dAY Agse 79 gde
TFoR AHHsE el o] VIHES HFHEY B
A E#dY(motion blending)& M2 F2H& MA3H7] A4
A2 g2 57 2 3348 A4S e wHeR
& AAE A% dele ol xrt Fastri4, 14-15) =4
¢} (motion warping(displacement mapping)) ¥H-2 o]
34 (displacement map)Bt2E 39, olE B2 Az A
S BHEINTL dAHE FASHA HojrE F3 A
dHo2 FAAZE WPst FAE AT 16-171
Al A%A (spacetime constraint) W2 AAHL &
g SAld) ayste TS A Ao AHEAE AA
5349 AREE Jled & oy, oeid ATz
o= HFe AL AU 9% AFY Fo| aTHu4
11-12, 15, 18]. 24 2etAl " (motion retargetting) ¥ 3}
& T3 HeoHES AA 2Vt tEAV G §39
AYeo] A&d 9,1-‘-:_i 53E H3ste Wy elti,
14, 19]. 52 AP 7IHL FFE FAste AEY 5o &
d EQAC 254 £5 °]7i"} 54 & 7] gEd
& delEs 2F3E F o] ofF ALE YL EFs)
717F ol adn 2XE 53 A AMgo] glojA, T
F3g Fo FL o g8 Al A TEE FAHSA
U 2 Y a9 T8 AFste Az 5L A
A A A1 2ge] Basirld Azt efydelde]
HEZ AMgE A4 ol& dFs] AW Ay Jed HER
7lesteof gt

O

e

I I-N

A

rBL e o ry NlN -b

[o

s



22 chetst Kol Mol OIS S MMl TfEt B AT
A9 T4 Aol 71Pg Moz FAWANA o|F B2
ol A AT 5o ARFAA AdxAE oF

A& AAste d7E0l FFH L Qi

Chung 5ol A4 WEE A AFA HHe 2
oF AMS HES] A e FE o)F F=2E 9
FE UL o] AEFHAANY AEES ANE F 47t
9] W37t M A2 AHE Aojdez AYst A
o 27 o]F AHE FE 28 o)FdE v o
T A AE2 oA fAHe FEstn NYHe FES
age au A9 I olF HAHE AT AP
A&7 A 29k olF AR mE =LY AU
&5 WstEs ol Adbstelol dtal, £ HiRo] FdE
ode SAHHoR HIdtEE XY FE IHE B

& 7] wEdl Ao AsAE Festr10].
<A77 e 3 22 g B AA A
&2 dolHE 2837 A% WYoE Sun
EE ol&st g AFelMe Ae T
AAsHE By Agstnf], AAzE 7
| A o] Hol7h 2EtAE FAbdd A
2T 7 e PHe AL AT19]. Leedt

HoE

o (oo rlo
[
> or

W 2 B R
X \I(ﬂ

et ot
ot to [t jo lo i
Hu
O

o o Fd

]
2

& AFoly A NFA e A7 BFS
2 Park2 AAS 75 57—‘}5“}°§E
g YA AHEAE AR H2E we olF
53e {‘ul Ao BAAY 4 gle J%‘—% A kAT
[14-15]. 28Y & & dlolHE o] 437 HdMe 3
& 57 FAYE FAECk 3t W& Aol a7FH R
2d 52 Ao A SloA ZEAY Fo FL F
& FAAY 99 FFE A A BS B
dolelg ®Asfol st A% HY AA= Fasjrh ¥
2 AP fyo| s AL Aol wE AL A =
A x&4d 3L BRANE 71W Fo] aFdET o
28 52 22 FulE o] &a dolx 7 #HY 943 AR
7 EE o]Folzl HolEHE AAALE ASAS] £&
of @A AxAste AL ¢ o dolh
Kang2 X" 5% dlojg §lo] 297 $3& Al
Aeo s At dyoE zhdd W 72y ndg
ARR3aL, HH o olF FTIE AV AA FEA ¥nd
Z(genetic programming)& &3 H4 duyx 7|9
(energy minimization technique)2 ¥t tiekst 74
Zlee me TS AL 2y HARAA Y F
ke A g, fAA nES T HHY F
e 97 fsiMe g sl ste @] gith
Welmant Alge] BE4S 33doz mdgsid g7 &
z} Ao WHE BIA AA % EEH FAEH 2]
TAE *11‘?4_5] Z@3 A AT, AARAQ] FFA4E A
”%} & e Ao 322l Unumas 53 A3 7
< e 4AL 2 52 Ao YR ugus
"]—3— Zz4s5ld 249 ¥ olF FFE AAAT, F

O

mlm

Creist XIgolMel 2719t 2al7l s&o 288 Md 189

4 A5 e Jnee 7] ugd A7e) 54 44 9
@ 2 Fed ANA vl acks BRel UTHITL
wEhd o Q7T ST P oA YU 3
usje] o5 FAe A
A49 ¢ 97 A
Ao vdsst st Auwe ogse Wen &
$Ho2 dgw AFelMe 27 5A% g7 $AL 4
At 293 g3t $8E 2ese] 2w gy §
o o AHE A AclAE 4RSI WEe| o5 AH
2 AEH 9 BEHA ARS
AoRe wEA Aurke 74
2H AY 359 BAZ

5y

rot' ox,
rott
)
“ﬁ
rsx
N, ot
2
]
_lZL
2
L
_VIL
&
2

3. 015 53 449 X2 =y

e Agel wE A3 olF BA 44 A A
3¢ 339 249 £7dN AYHE BdYsD A
AA Aol Wt wr) F2E A4S ALH W 7
22 E94 olF 549 aw dhuse Ag) Aug
Aen AP oy ANE AR, 4P8 ohels
Agel wolg melste] W AXE AFF aeln o
ot ciels 209 §49 AHL B0 APl AuE
At 3EHA FES AJHE WA o)F ARG ¥F
it ol3A AEE €49 AN T BaG wAus

N

£ 53 o AFAMY HEHR] o]F TS AT
e
r— Ty -
i MeE 28y s WO M J
C L
Eéwn/)/
!L AR BR ]
iy
ol ~ assm ol
% B T - N h)
‘ ( e A% 6 | 5
s e - '__' 5
& X [ aau ﬂn é.’é? J S
o ] N ———— o
H <] .
- R o
B 2 r s 58 AN
S /)
& A "
W, ( ooz @uawmaes
(uaum BUE 08 AN UE }

(I8 1) oIz S& el M2l Y

olF T 4L AT MYy RdL HA A
o FEE 7|Nke R sto] Wth(skeleton) &R ©|Fo|X ©
gAANZ FA%h A7) we $AUE Fo Ad2HA
g7l H3A @R SAALA ddAde Fheko
F/(Foot+Toe)8] W2 o] T o2 FYH
e (2 29 ol @AM A4A4L 157, A
A% AFEE 3ME AT



190 FEAMeEE=EX B M13-BH H22=(2006.4)

(e o o)
() (o)

,
[i”e—“—’

((oer) LJ

(a) 31742 Awx (b) CHYEN T
(28 2) 7HEE =2d

4. MMY IR F

A7 Age olF FAHE AMY FROERE $HYo]
AREY. = 4% W gl AL Fwo] $AN A%
3, g4Ale gHdE kel Sao] o@ 8T wag
o2 oot o] FoMe TIFE AFPAMY olF F
Aol Ag37] A AA AR AL ANWeE Fel
A A 712 SA Gl A duEn.

ol

4.1 HMaAle

|_|___

_Iﬁ

'6
i
=3 %*“ji ols F& 5‘4'

o590

(a) 27| S&

(b) &217| &
(38 3) ols =&

< S

ol &Y & Frle ZA FF st AW HFs)
o Bol A& A @A (Support Phase)st 2 3%
e & F715¢ AHAA "olx olFd F thAl AW
o 428 w7}xe] @A (Swing Phase)2 o]Fojzt}. 77|
&AM E 2¥3@9 2ol 7 tEst Add "AEHe A
Bl (Double Support)e] F2+& FHsta, 27| FAE 1

Y3 #ol F st AW BFA 4E FTFA o
AE e (Flight)e] 53& 3ok Ao Az tag,

(a) 712 AtAl (b) B XAl (o) HB XAl
(3 4) Stbe| s|Hof| e o7 S=

o]F TFAA ITwel A duE dvrd, (2d
HOAY 59 FA oM Ade] HFska] ARt 9
= g Z2ue 9z sdstin, AWM HPEFsA o
233 e s olgz AL sl o] W Fuke A

3t Ao wet FA FHES FA7] AAA oAe =3}
o ¥hAg o7 AvEA stz Ak E£F (2F 4)(c)
st 7o ﬁ°ﬂf‘1 2 A% Aded gojd gez udoprke
theje] ke o My, vz AHE ARsin
A o9 —Q—HJ-S— HEZ A9 F, dog wE 9
e 4ES FIEE FMstx, WdF IRk vy
o7 3AYY EF oZxE Ity wdg IHdste o3
& SE0
42 M2 3
Fure] AF A wit AAe (2Y Sl Bl 2
dro] 7pg W XHMH% %&%EE Bo| wala, Jito]
A 3T )E]'F’Hi x—]‘o‘i §] _]

aoaqﬂﬂﬂﬂwﬂ
Astel 5 5= 3-5% sl




A% FAANA vhelel $A% shiKE B9 £49
o8 4UE A4 03 549 24 S o

2HA AA2DE olF B BV
Bae B9 2olsh B4 A% 58 ) 9 A8
51 B 54 27] Awt 4 13 go] Az

%_E._Iﬁ

spy, = Vswy, = Ysp, = Oswy, (1)

43 stA|le 2=¢
olF FAA oo &AYL MNIYHY AdzE L F
2 g3sked oM M} F28 FEolr tale o%
S3e A4sy] #3 dveReE 28%(Step Length),
tle] 2 o](Leg Length), °l&4=(Moving Speed), A2 o]
(Body Height) 12]m Z&wHE314(Step Frequency) 5&
AREETH2, 101

A 2014 olFEL(E FLEN ASWEISE AE
a1, A5E(StepLength)S AA Do} o] & Ee] W3t
upg} zAd g,

Vim/min)= StepLength(m) *

StepFrequency(steps/min)
(2)

StepLength= a* V* body height,
SSL

o=

SSF * SBH

A7NA o EEAADol wE g %k_o_i REHSE
9l SSL(Standard Step length), ¥&#4&d
(Standard Step frequency) Z2#]i EFAl
Standard Body Height)Z At&3% d3}7} 0

0.0 04°1 T;}[10].

Leg
Length

Bgp,,

= SL/2 —p— sL/2 —t
{e——— Step Longth(SL) ———d}

(a) (b)
|

(28 6)ae 1% 3L A% 27 RHo=
x7) Z4xe 4 3% 2ok o9VM 4,5 F g2l 3
A deZd g9 zZtzoitt (2¥ 6)(H)AY olF F&&
e ¢ 72 #EY AXY Axe g2Fnverse
Kinematics) WH o2 A&}

=04, = O, ®)

td

Cresst XIHOAML Z7IF ZHElV] SXo Z&5 M4 191

2o B (29 D% 2ol AWl AEH AYshe
chelsh A@eld BolA olFdtt thelsl we wpZos
ot s o% AZE W} §AA,

1
hip

% intesval
A et i
) step length

L)

—

s

1

i

I

?

1 moving cycle

moving path
1

(A7 g S

=

5. Cist XIgoiMe 0|5 S AE

o] A= thddt AP cheje Fuke] o]F F3F
A8 XY FE FAE 1] A% olFse e
53 2 ol% HAAd A dolEo

(28 82 thdd YA oF T AYL TET
Rolrh. ol F&F<te tie|) Zute] HAE 24 PoSL
(Position of Supporting Leg)$t PPDS(Pelvis Position of
Double Support)Z A dtx, o] 7|dtoz chokgh &0
og dr] 2 9719 olF 5L A3} 97 A4
S B2HE PSLY molw vEldolg o, PPDSY &
ol F Oy Hu 22EY W Zdte) Zold dTe
ot A7) B3 A PoSLAEAME Zdte] YA} 7
% Ex PPDSAANE Fute] 9x7) 71 veon, g7

o
—
A9 A% 47 BA%E duz BEd A7 A3
S fAE PoSLoln E¥ AA7F M & HAE
PPDSOI.
Pelvis Position of Double Support
PoSLstart PoSLmig PoSLana
x PPDSstart PPDSend
rd
—
3]
& ¢
=
=
c
v
sL/2

Position of Supporting Leg

Step Length(SL)
" o (PoSL )

1 Motion Cycle

(32 8) ols S& HE

5.1 cizlef fI&|(PoSLI2t Z¢te| 2IX|(PPDS)el At
SFE AYAA] ASHAA olF FAL AN A,



192 ZEAMoISR=FX B A13-BE M 23=(2006.4)

g A9 PpSL(Position of Supporting Leg) AXH&
Agch (19 8)F o] & FU)9 ol & AFAA
HAde] PoSL A ZEEY HHo2 77 PoSLY
TR A (PoSLyy), TR A(PoSL, ), EAR(PoSL,,,)

dgch o7 PoSL = thE BF FU9A
PoSL,,,,7t 8t metx ke Ao b PoSL

S ARAe AAA/) 4B L A 49} Bk

oft > > x

[o]
£ A4

PoSL,,, . (z,y,2)
PoSLmid(x,y,z)

= (zg, Height p,g, 7o)

=(PoSL,,,,,(x)+ StepLength,
Height p,g; 7,)

PoSL,, ,(z,y,2) = (PoSL,,,(x) + StepLength, ()

Heightp,g, 2,)

37| Heightpgts 2 PoSLYA Y A@e|A He o
2ldo] TE9 Eololth

(28 8elA EXol, olF T& & FrFtd F
PoSL $1A)o] w& Fwke] 9291 PPDS(Pelvis Position
of Double Support)e PoSL,,. 9 PoSL, 9 AolE
PPDS,, & 83, PoSL ..$¢ PoSL, .8 Al PPDS, .,
2 Aogr} o] W, AWAAAN PPDSY 71E AAE F
PoSLY FUAAFA ARANH AAste B4, (28
9@t 2ol FUAAH XA FolZ QA3 PPDSS H X7}
oA olF FrIEH F TEl7t Ade] HEFetdof gt

& U= BRdn gzt A wgEHE A9
ERL

i I‘ A
(a) XAl =OIE 71E  (b) & PoDSE H2 ®0IE 7IE

(3% 9) PPDS2| HAXH MH

822 PPDSY 71F A AAL (2" D)yt 2ol
F PoSL FoA ALY AA W PoSLE 7FLE
st PPDSe 93 & AAsH ol 2 59 2t

PPDS,,,.,(zy,2) = (MID(PoSL,,,,(z), PoSL,,,,(z)),

HezghtPPDS , %y
PPDS,_{ )= (MID(PoSL_,,(x), PoSL,, ,(x)) ©
end \ LY 2) = 0 y £O0L, g \T ) )5

mid

Height prDs,y %0

71N, Heightpppee * PoSL oA AR Eol7b

e PpSLE J|Eog 3 2k Eojolr),

52 =gt ol st ci2lel =Y HH

of ATONE ThE Yol Wt Iwst o Bake o)

PoSLstart PoSLmid PoSLend
HCPY ..o, HCP2
HCPo .- @ ®-... HCPa
PPDésreu PPDSend
SCP1 ............. SCPZ
SCPo . ........... 0 sore

b
te<

At

PoSkstart PoSLmid PoStend

(b) 27| S
(12 10) ols x| 2= HH

o %3
He) FHE 4
A

(o]

12 FA Aol + . AA2LE o)F A
g AEst7] Y3 79 2F21(Cubic Spline) =
WAL o]g3rl (I¥ 1002 olFdE v Fnte
3 ARE Y AHES TEY L2 HCPHip
of Control Point)$ SCP(Swing Leg of Control Point)+
Zzt 29ty ol Fite vele] o)F AAHg 9T Aol
Zure] 249 AL A&7 g AR (29 10)
3 el PPDS, ... % PPDS,.,9 94x1¢ 598 A HCF,
HCPE ARz U9 F AAHd-e PPDS% PoSL,,
o Al HCP,, HCRE WARFT wetA oy AXE
A% ko] Aol AAL 4 67 2, o W F A
HCP,% HCP,®) %°19) Heightye, 9 Heightye,'s ©1%
SN PoSL,  ARAA &7 F4S AHse dst A
o 2R HAEI}E A7t AR REF PSL,,, %
PPDS A9} Tl HE AWE& ARV 714 ok 27

ot g2]7] & i 7HEAE £10th

HCP,(z,y,2) = (PPDS,,,,,(z), PPDS,,..(y),

PPD‘S;tart z
HCP, (z,y,2) = (MID(PPDS,,,,, (&), PoSL,.;4(x)),
Height yrcp, PPDS,, .. (z))
HCP,(z,y,2 z)= (MD(PPDSend( ), PoSL,_,,(z)),
Height Hor, PPDS, d(z))

HCP,(z.y,) = (PPDS, (), PPDS,, (1), ©)

end
PPDS,, ()



g &3 AAE AF AdFLe (28 107 Zo
PoSL,,,, PPDS,., PPDS,, 3181 PoSL_ ;o 33
AXE& 48 SCPR, SCP, SCPR, SCPo.Z d7d}
2] 73} Zo] Ao A 7oA AojH SCPFH SCP,
w01% Heightgop 9 Heightgop e A7) 29 24 ©
G AFGoA olFde thErt AL o LEe] AFH
FESA 7] dsA Lo HALolg F PoSL{M kil
zolatel Wig oz @tk der] FAA S 27 F&
2o &6 we dEe] EEvte A% F gt BF

o 8 1

o W e YAt E’-t FORALE ZEH 5 F
0 EolE Ede WHE E&I¥Th =3¢ (2F 100
Zol & F7IUelA ’\]3}'151 A Q] AZAE EA Fh
FTF W e AHE AAAHA FAY
SCP,(z,y,2) = (PoSL,,,,,(x), PoSL,,..(y), PoSL,,,..(z))
SCP, (z,y,2) = (PPDS,, .. (z), HezghtSCP,PPDAS'stm(z))
SCPz(x,y, )= (PPDSeM(x) }Ieight‘s.cp7 PPDSend(z)) 7
SCP,(z,y,z) = (PoSL,, ,(z), PoSL,,,(y), PoSL,, ,(2))

o](Toe Length) +
01]*1 PoSL7]' —r?: W FuzE (2

o-°r7} E‘a‘*ﬁﬁ&\:}.

g2pa o] At M o] F3he thElst olF AHE wt
$AY o Lol HEo] Y FEIA gouA A
=8¢ T 47 A3A AR FE TAE L6
A oz AYFEIHS Aot o] APFEIHe
AR M FEO WY A, olFse deEls 3w
olF HAEL AT AoHE rA

AgHe FE FTAE BAE & U=F (29 129 F
& s} o] AP xolg I FHAYME AFF
998 AR PSLY ABRY 942 AAA $4,
PoSLE AFAA gEoly dFe| AFFEFdo 2t
EAE AHAste (2 12)9 2ol NIFE

£ A% o FEol WAL AT UF3

i

=

g £49 AL AR ANHE FTo| WAT PoSL
o 9XE A=A ol B e AJHE A=
Ba,

(38 1) olsshe C2le) M &=

Chst XigoiM el 2719t 2217 829 24 44 193

i. @ %ol

(Foot +Toe) Z 0l
+
PoSL2t 2l &= Ol Xt

(38 12) XN SEA HOE HuE

i‘“ PosLSl £0I %

6. 48 o

AL
i}

AFFA-L Windows 20008 A A, FHUE Microsoft
Visual C++ 60 =¥l ¥ <ojeeizl OpenGL3
VRMLS 43t faizict, £ 7€y 2d3& 3D
Studio Max 50& E3 o]FoIHth

of ol AA AlEY FAYH FAG A A Y
AAE 7o Mo 2dS B3 A4E FAHES AHE
o, T3 AA A7 M2 OE A AYH REES F

3 g A9 o]F A A AF}E FUI.

6.1 Halol galgl

of AT Hg AA AH A DAY £HY
of Wl A48 ARt (29 1301tk (28 1@ bE
9% B3 9% deS Ae4we] Biol A4Y 27
A3 gw7) B4e A%eA, & QoA ALE A A
Aol weh wh olge telel ¢4 AAE FAY

Aolth.
27 549 39 ALE
£ sz, 227 39 4

o 034m/step, o545 e 3kmh
© < 045m/step, °lE%
.]

1<)
T7u

E& SkmhE wARSE G4 B S, v 54, %
% A4 5

§7 222 o 249 A%e YA

(a) 7| =&

(b) 27| S&

(3% 13) Wilel 712 A

Al



194 ZEMeiEz=2X B M13-BE M2=(2006.4)

an

339 Ry £TE A AR 277 Mz ge 4
A AL Bae Adam, o AYEe Asls A
WS Tt o] AT AtE chFd AFeAA Y o
T 3 g s Adstyoh

62 AH FHEEHE XS ol SH

(b5

(2" 15) HEHoMe FH2e =Y

(c) =2z} tcH

(a) 27| S&

(b) &a|7| =&
(22 16) 3D HElEie T

(38 17 MHM=T17t o2 FH2iH

(2¥ 149)% 3D Studio Max5.0914 79 €4, &9 &
o £F= Rdgos A% Agyelt (29 15 37
4 299 =70 49 AYH 29 o] A7 HF
A0 BHF ZHEA, (27 15)@)c AFE 2l A
H, (e AdgE Y 4= 3d 9 293 (O MY 2
Ao} A =7 g wMilE T AREelrh o] B
dE /M o] 48 EF0M AYE e med g
£ AAste 28T 2] (29 160t

=% 3D Studio MaxolAl AA 2717k N2 e 4
@2, meh 2 aga mep g3 5o AA AYEE B
dgsle] o] AFoA Aty Pl wet g AFH
HalA olF T Ads g (¥ 11e 3D
Studio MaxellA ERYE 4 @&, mep 2 a1 B
o gzt Fj e ) Rgoltt

do

)y

A

rir
ol

re

q




(c) HEtsH

(d) =R
(3g9) €27 37

(28 187 (¥ 19 %3 Ao A&4 A7 &
23 gE)7] S A Aot (¥ 18)a)e 4 &
A ALy mdz HEEL 032m/step, ol EFSEE 05km/h
2 3t AT HAHANAY FFelxn, b)e (0 Tz
-329 AAL A¥F AwZo] 020moln =olE 0.05mU
Ak Ao A AA Z7|7F 22 mup gzt AEE ] o] F
3ol (e mvl Hx AYEHZ FZHA A Y ojF 5
S A% Aotk

(I8 19@)< AA 27|71 F2 mol g2 e mde
0.16m/step, °l54EE 05kmhZE 287 5238 A 2
Folt}, (bye +6X9 ZHAL X¥e sl zmre} ozl -g-H
2 olF F3ola, (0)F AdFe] 030melx ®ole 0.1mel
A AYoA g EA e olF FFelH, (de =
017} Zo] Bt AFPM Y o]F FAE MAET Aol

7.d B

of AFANE F7 £ dolHolA A4 F2e
A HE Ae Zolm, ALHY AW 276 =
A FE AN HHA oF FAHL W3 5

2o a2
lo g N

$A, OF BT YY) A8 A A A
3, o8 wgoz Ko
9l YU olg3te] PAW, AW, Avd

o 9FE Ao wa 4&H A 4% 2yl F

fo
oo
>
11
=)
=
il
ol
fo
ofs
of
B
(R

Al

Chtst XdolMel 7|2 2El7| 8o 28X Ma 195

28 st

O AFel wE H-ZA o]F FAL AY AFez
PoSL(Position of Supporting Leg)$t PPDS(Pelvis Position
of Double Support}& Ae[slHa ol g tig] 52 A
g s 79 AZeel FHe2 s A FH$H
B4 olF HAHY A& 2 XY FEY ZAE 2AY 5
A wHd tE Atk

gz AgE PHE B3 FAW, AAE, Agd e
o Aol o MY 324d 2P =TedA
AZAE dA ALEH mdS B olF FIL ANIA A
Ho| 2 AFHQ olF FIAL Feldt)

wakA o] AFE T A Yol A9 gy 52
£ A48T F de v 5F Ade B9 AP #H
uel FAEY o]F HAAS 41 TLHOE AT F 9
of A Thge X Hel HEHY olFEAE AYE + Uz,
PoSL¥ PPDSY] ©e] 53 AY3 79 2Zlg vied
oz AP W we the FIe WIE WEA AE
4 denz 28 Addelv ZddEA WelA A
FAYe Zdsted FE3h

aga o] ATedAM FE HIAE AT olFdE tEY
ol AANL WES V|EoZ AR Aun e AY
dlMe EEe] FES WA HsA BES AUAA &

= A%l gtk ol HAs] AN B Fo
2 o)F AHE AFdHe] BEol 354 RE AT B

oz Y AAY $HYN L LAE AFsHe] 7Y
A4 WS TS FANA 5 UES GR AYo
ek o2 Yol FA U AT AAY T TS
ANoE gAsk AAe JEAAE AFHoR BEY F
A= B 449 ATV B Aoz A4E,

=

Ho
ree

|

(11 9715, a9 29, “32kd A efivse] AL 9jg =AM
AA o, B &2 AU, pp348-352, 2002

[2] ABruderlin and T.Calvert, “Goal-directed, Dynamic Animation
of Human Walking”, In Computer Graphics SIGGRAPH
Conference Proceedings, pp.233-242, 1989.

8] &= A A ALY, I A AYY, 2002

[4] FMulton, LFrance, M-P.Cani-Gascuel, and G.Debunne,
“Computer Animation of Human Walking”, a Survey.
Journal of Visualization and Computer Animation, pp.
10:39-54, 1999.

(5] “CG vl 4”, Frets)x] A17d 23
1999.

[6] HKo and NIBadler, “Animating Human Locomotion in
Real-Time Using Inverse Dynamics”, IEEE Computer
Graphics & Applications, pp.50-59, 1996.

[7] R.Boulic, R.Mas, and D.Thalmann, “A Robust Apporach for

4 ALE



196 FEKEISD=FX B M13-BH H2=(20064)

the Center of Mass Position Control with Inverse Kinetics”,
Journal of Computers and Graphics, 20(5), 1996.

[8] R.Boulic and D.Thalmann, "Combined Direct and Inverse
Kinematic Control for Articulated Figures Motion Editing”,
Computer Graphics Forum, 11(4):189-202, 1992.

9] FM.Silva, J.A. Tenreiro Machado, "Kinematic Aspects of
Robotic Biped Locomotion Systems”, Proc. IEEE Int. Conf.
on Intelligent Robots and Systems, IROS’ 97, Voll,
pp.266-271, 8-13 1997.

[10] S.Chung and JHahn, “Animation of Human Walking in
Virtual Environments”, Institute for Computer Graphics
School of Engineering and Applied Science, The George
Washington University, pp.4-15, 1999.

[11]1 M.F.Cohen, “Interactive Spacetime Control for Animation,”
In Processings of ACM SIGGRAPH, pp.293-302. Addison
Wesley, July, 1992.

[12] J.T.Ngo and J.Marks, “Spacetime Contraints Revisited”, In
Proceedings of ACM SIGGRAPH, pp.343-350, Anaheim,
California, August, 1993. Addison Wesley.

[13] JLaszlo, M.van de Panne, and E. Fiume, “Limit Cycle Control
and Its Application to the Animation of Balancing and
Walking”, In Proceesings of ACM SIGGRAPH, pp.155-162,
New Orleans, Louisianna, August, 1996. Addison Wesley.

[141JLee, J.Chai, P.Reitsma, JHodgins, and N.Pollard,
“Interactive Control of Avatars Animated with Human
Motion Data”, ACM Transactions on Graphics(SIGGRAPH
2002), 21:3, pp.491-500, 2002.

{151 SI1Park, H.J.Shin, and S.Y.Shin, “On-line Locomotion
Generation On Motion Blending”, In Proc. ACM SIGGRAPH
Symposium on Computer Animation 2002.

[16] A Bruderlin and L.Williams, “Motion Signal Processing”, In
Computer Graphics SIGGRAPH 95 Proceedings, pp.97-104,
1995.

[171 M.Unuma, K.Anjyo, and R.Takeuchi, “Fourier Principles for
Emotion-Based Human Figure Animation,” In Proceedings
of ACM SIGGRAPH, pp.91-96, 1995.

[181J1ee and S.Y.Shin, “A Hireachical Approaching to
Interactive Motion Editing for Human-like Figures’,
Computer Graphics(Proc. SIGGRAPH 1999), pp.39-48, 1999.

[19] A5, H74, AEG, “FAE A4 27] 53L& 43
HetA" 719, 33253, 2002.

[20] H.C.Sun and Dimitris Metaxas, “Automating Gait Animation”,
Conference Proceedings on Computer Graphics, 2001.

[21] Y M.Kang, HG.Cho, ET.Lee, “An Efficient Control over
Human Running Animation with Extension of Planar
Hopper Model,” The Journal of Visualization and Computer
Animation, pp.215-224, 1999,

[22] C.Welman, “Inverse Kinematics and Geometric Constraints
for Articulated Figure Manipulation,” M.S. thesis, Simon
Fraser University, 1993.

(231 53, o158, 4718, AEd, 234, 27 A4S 9%
Y 718 2 A, 2008 FASEEE =24, EAY

313, pp.243-248, 2003.

[24] £, o178, A714, ZTH, 29A, “Ade Lo g
A o] A7) 2 A", 2003 FATELE =53, &3A
A%+3], pp.255-262, 2003.

[5] 0] 53], &rld, Z8A|, ‘A9 YL FES AEY 3
7] B3 AT 2002 FATEEE =827, dEudgo g3,
pp.466-469, 2002.

[26] F Faure, G.Debunne, M.-P.Cani-Gascuel, F.Multon, “Dynamic
Analysis of Human Walking,” Eurographics Workshop on
Computer Animation and Simulation, pp.95-107, 1997.

[27] ] K Hodgins, “Three-Dimensional Human Running,” In
Proceedings of IEEE International Conference on Robotics
and Automation, pp.3271-3276, 1996.

[28] J. K. Hodgins, W.L.Wooten, D.CBrogan, and J.FO.Brien,
“Animating Human Athletics,” In Proceedings of ACM
SIGGRAPH, Los Angeles, California, pp.71-78, 1995.

[29] N.Badler, C.Phillips and J.Zhao, “Interactive Realism Articulated
Figure Manipulation Using Multiple Kinematic Constraints,”
In Proceedings, Symposium on Interactive 3D Graphics,
pp.245-250, 1990.

&0 &
e—mail : songmy@swc.ac.kr
1995\ tEFNER A A I (EAL
1998 Fooiste ZHFEFEIHFEAAD
2004 FI RS HFE T HIH(F L}
20041 ~# A FHGAYE o
AT LA

PRk AFE 2dH 2, A, AFH A

z= o H
e—mail : chohj@dgu.edu
19739 SAbo o A3 AL
19753 #373t7)49 A7) - A2

(Z34Ap
1986 B2 e A7) - AT
(3 8tubal)

19868 ~ EA S DEuT) B} mS
BARo: AEY U2, AY, AFEA, Byulde] Fu
A2



