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Summary

In video games, characters perform important rolls, such as story telling or enemy characters, to
construct game world. Behaviors and actions of characters must be generated in realtime in order to react to
player’s input. Recent progress of computer graphics and human interfaces bring three dimensional computer
graphics in representations of characters and realize direct interaction between players and characters.
Therefore, characters in recent video games are required to act variety of motions to react to player’s
interactions. In addition, realtime character motion generation methods to generate variety of motions

attract attention of game developers.

This article introduces description of motion data, character motion generation methods employed in
current video games and researches expected to be employed in future video games.

1. 0O 0O O O

obooboooobooboobobobooooogo
gobobooobooboobbooboobboobd
gogbobooboooboonbobo

cooooooooooboocoooboooboooo
gboboooboooobooooooooooooooo
gbobooobooooboooooboooooooooo
goboooooooooooobooooboooooDo
[0 0700000000000 00O0ODO0O0O0O0OO
00000 Al0O0DO0O0DO00OO0D0OOO0O0O0O0O
0000000000000000D0 [Isla05)0000
gobooobooooooocooboOoooooooo
oono

gbobooooobobbobobooobobooo
goobobobobobobooboooobooooo
goboboooooboooooobooooooooboooooo
g0dodooooooooogoog3gooogooo
goobobobooooooboobobobobooo
gobobooboooobobbooboooboooboobdg
goboboobooobooobobooboooobg
00000000000 [00 07) [Jeong 04] [Hasegawa
05| [00 060000000000 DODO0O0OOO0ODOO
goobobobooooooobooboboboobooo
goobobobooooooboobobobobooo
gobboobooooboobboo

coooooobooooboooooooobooooo

gbobooobooboboboboboobobob
gobooboooboobobooobo

2, 00O0OOOOO

000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000000 AIOOO0O00
0000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0oo
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00 AlD000O0O0OO0ODOD0O0O0000000000
0ooo (0 1)0
000000000000000000000000
000000000000 (40)0000000000
0000000000000000000000000



Fv395A1

IFLA TRl IX5920)

R

\l

3DCG

F—LER

IRTETI Tuav

BET 2% |, B
(F23142) T—HN—2

01 00000000000000000000000

000000000000 0ooOoOoooooooon (5
0)0Oo0DO0O0O0Do0OO00O0O000oO0o0oO0ooooooono
00000000 000oO0O0OOoDoO (60)00D0

3. 0 0o0Gogand

gobooooooooooboooooboooobooon
ooooboooooobooooooooooooobboooon
cooobooooboooooooooobooooooooon
cooobooooboooobooooboooooobooboOooon
coooOooooOoooooOoocOoOobOoOoOooOOoOooon

31 30000000000 00oboo0ooooa
oo0o00oo0oO0O00oO30000000000000
oooooooooooooooDooooooooon 3
coobooooboooooooooooooooboooon
ooooooooOOO030000000000000O0
ooobooooobooooooooooooobboooon
oooobooooobooobooobooooooboooon
tobooooooooooooooboboooboboboooboon
cobbodoooooooooooooobooooooon
cooooooboboooboooobooOooooobooboooon
coooboooobooboooboooooooooobooboooo
cooooooooooooon

goboooooooooocoobooOoobooOooon
coooooobooooooooooOooooobooboOooon
coobooooooooooooooooobooooo
coobooooooooooooobooooobooooon
ooooooooboobo3ooboooboooobobooon
(300000)0000000000O0O00DOOOO
cooooooboooobooooboooooooooon
cooooooooooo

32 00000000
gobooobooooooocoooooobooon
coobobooobooooboooooooooobooOooon
coooboooobobooobooooooooooboOooon
00 (0000)00000O0O00DO00OO0DOOOoOO
ooobooboOoooooooooooooooobooooo
ooooooboooooooooobooobooooon
oooooooboooooDbobOOo0oOoooooooDooo
cooboooooooooooobooooooad

OO0ooopDooOo 120 10 a0199700

4. 0JODOO0OOO

gobooooObooooobooooooooobooooao
cooboooooooobooobooOoOoooboooon
cooooooboooobooobooOoooooooon
cooboooooboobooobooooboooooooooon
oooooooooooboooobooooobooooooboo

411 OO000O0OoOoobOooooo
oboooboooobooocoOobooooboocooon
coooooooobooooooooooooooooon
cooboooooboboooboooooboooooooboooon
ooobooooboooooooooooooooboooon
cooooooobooooboooobooooooooon
coobooooboooobooooooooooOooon
cooooObObOO0O0O0oooooooooobobObOOooaon
coooooooboboooboooobooooooboooon
coooooooboooobooooboooooooboooon
ooooooooooboooobooooboobooooboboo

412 0000000000
gobooobooooboooooooOoooboocooon
cooooooobooobooooooooooboobooOoo
coobooooobooooboooooooooooboooon
cooboooooboooobooobooooooboooon
ooobooooooooooooooooooboooon
cooooooooobObOOooOoobooooooOoOooOn
coobooooboooobooooooOoooboOoon
cooboooooOobooobooooooOoOooooOoboooon
cooboooooboooobooobooooooboooon
cooooooooooooobobooobobooboooon
ooobooooboooooboooooooooooboooon
Oo00o0oo0ooooooooooogooooo4as
coooooooooboooobooooooooooa

413 DO0DbOoooooo
gobogooboobbooboobbooboon
gobooboobbooboobboobooboo
gboobooboobooooboobooboobo
([Witkin 88], [Rose 96], [Komura 00], [Safonova 05])
goboboooooobooooobooooboooooo
gooooooobobooboboobbooboooboobo
gooobooobooboobooobooboobooo
gobooboboooboobbooboon

5. U0ObOoooobobobooobobo
ogn

00000000 0oooooooO0oooO AIoOO
cooboooobooooboooooooooobooon



gboooboobooooobobo

oobooobooooooooobooooooooDo
gobooobooooooooooboooooboooooon
gboboooooooooocoobOocOooboocOooono
oobooobooooboooooboo

8]1 00000004

ooobooooobooooboooooooobooooo
000000000 (0OD0O0OD0)0000oDooooD
gooooooooodoooooooooooooogno
gobboooboooobooobooooboooooboooDo
goboooooooooocooboocOoooboocooono
ooboooboooboboobooobobooooboon

oooooooobooobobooooboooobooooo
goboooooooooooobooooobooooDo
oooooooobooooooobooooooobooooo
gobooobooooooooooocooooooono
00000000 Al00D0O00DO0OO0ooOo0oooOoo
gobooooocoooOoooooboocoooboooo

0000000o0o0oUooUuooOo Aloooooo
goboooooooooooobooooobooooDo
oobooobooooooooobooooboooooDo
goboooooooooocooboooooooooo
gbodooooooooooooboooboboooboboobo
000000000000 DODODODOO [Safonova
07j0C00D0O0oOoD

]2 J0O00OO0boOobooooo

goboobboobuoobboobooobboon
gboboboboooooooboboboboooo
goobobobooooooboooboboboboooo
goobobooboboboboboobooobooooo
goobobobooooooboobobobobooo
goboboooboobooobooboobboobd
ggbooboooboobooobobooboobboobag
gooooobooboobbooboobboobg
00000000000 Mukai 05000000000
gooboboboooooobooboboboooo
goobobooboboboboboboooooooo
000000 [Safonova 07]0

83 0 O 0O 0O
ooobooooboooboooobooooboooo
goboooboooooooooboooooooooo
gobooobooooooocooboooobooooono
gboboooboooobooooobOoOoooocooono
bobooooooooooocoobocooobooooono
gbobooooooooooooobooooobooooono
gooobobooO0ooooooooobbbobooooooo
goooooooooooboooobooooooooDo
gooo

odoodboooooobooooooooooooo
0000000000000 oooooooooooon
000Do00oooooooooooooooooooon
000oooooog Electronic Arts 00000000
0 [ArmstrongO?}DDDDDDDDDDDDDDDD
goooooooooooooooooa

6. J0O000O0ObOObOODOOobObOobDO
goooog

oobooooooOoocooboocoobobocooboooo
goboooboooobooooboboooboooon

G111 OJ00oOooooooooo
dddddoooooooooooooooooon
00000000000 D0O000 (130)0o0oooo
goooooooobooobouooobooooobooa
goooooooobooobooooooooobooa
gooddddooooooooooooooooon
00000 0ooooooooooooooooooon
ogoooooooooooa
dooboooooooobooobooboobooboooon
goooooooobooobuooobuooooobooa
DDDDDDDDDDDDDDDDDDD[HOdginSQ5]
[Yin07]DDDDDDDDDDDDDDDDDDDDD
gooddddoooooooooooobooooon
ooooo
doddoooooboobooobooooooboooooo
gdodboooooooooooboobooooboon
goooobooooboooobooooobooooobooaa
gooooooooboooobooooboooooobooa
goooooooobooooboooobooooobooa
0 [Nakanishi 04] [Sok 07] 000000000000
gooddddooooooooooooooooboon
ooooooooo
gbobooobooooboooooooobuoooog
000000000000 NaturalMotion OO OO0 OO
000000000 [Natural Motion| 00000 OOO
O0oooooooooooooooogooooooo
oo ooooooooooooboono
goboddddooooooooooooooooboon
gobbddddooooooooooooooooono
000 0[Shapiro 07] [Shapiro] 00000000000
goooooooobooooboooooooooobooa
goooooooooboooooooobooooobooa
gooooad

612 OO0OO0OO0OOOOoOoOoooooo
oobooooooooooooobboooooon
gobodoobooooboooooooooooooonon



B EEEDER I [
A
R D EENH

A

AR
7 oRR
A

o Ry

TR HEBET )L
FrIUEOBANETIV

02 000000000000000000000000O0

00000000000000000000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000[Lee 02] 0000000000000
00 [Masuko 050 0000000000000000
00000000000000[00 07]00000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000
000000000020000000000000
0000000000000000000000000
000 AlDD000D000D0000D0000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000 Al00000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000
0000000000000000000000000
00000000000000000000000000
0[00 93]00 [Harris 98] 0000000000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000 [Carpenter
91]00000000000000000000000
0000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000

OO0ooopDooOo 120 10 a0199700

gobooboobobuoobooboboobooboo
gboboboboooooooobooodg
gbooboboboooboobooboboboboooo
gbobooobooboboobobobbboobobo
gobooboobbooboobbooobooboo
goboopobobooboooboobboooboo
gboboooobooboboboboooooogoo
obobooooboobooboboboooooogoo
obobobobobobgoboobooooooooog
goboobobooboobboon

613 ODoOO0ooooooooooboooon
goboooobooooobooooooboooooboboooon
ooooooobobooooooooooooooooo
coooobbOOooooobooooooooooooonon
cooooooooobobooooooooogoooan
cooboooobooooboooooooOooooooon
coobooooooooboooboooooooboooon
ooboooobobOoooooooooobobooooooooo
ooobooooooboooboooooooooobooon
000000000000 [0DO o7o
goboooboooobooooOooOooOooobooboOooon
cooboooooooobooobooooooboooon
coobooooobobooobooooooooooboooon
ooobooooooobooooooooooboooon
oooboOooooooboOoooooooooboooon
cooooobooooooobooobooobooooaon
cooboooooocoobooobooOoOoOooobcOooon
cooboooooooobooobooOooooboooon
cobooooooooboooobooooooono
gobooooooobooboooooboooboboooo
oooooooooooboobooooooooooooo
cooobooocooooooocoooooobooOooDbooo
toboooobooooooooooboboboOoOooooaon
coooooooooooooboboooboboooooon
coobooooobobooobooooooooooboooon
ooobooooooooooooooOooooboooon
coobooooboooobooooooooobooon
cooboooboooobooobooooooboOooon
cooboooooOooooboooobooOooooboooon
coobooooooooboOoobooOooooboooon
coooooooboooooooobooooon
goboooooooooocooobooooboooon
cobooooboooobooooboooooooobooooao
coboooooooooooOoboboOobooobooOooon
cooooooooobooooboobooobooboooon
cooboooooooobooooooooooboooon
ooooooooobooooooooooooooboooon
ooobooooooobooooooooooboooon
coooooooooooon



gboooboobooooobobo

(@mmssaL—say @ *—oL—LAm
shspikes | LB T %
P AT &
FRBIKETIL TUE
wns 4

RIEHER

BHOE - ESetc.
¥ wSI3DHE - K etc.
MADLLE - ZHetc.

xRN all
EEOE

TEBIEDF—TL—LT=F—Say|
RFIBEOF L —LT =43y

03 0J0oooooooooooooooooooooo

§1 00O

0000000000 30000000 Al000O0O0
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0oooo

ooobDoOooooooobooooDo
§2 ODOO0OOOOOOO
coooooooooobocooobooboooooooo
gboboooobooooooooooboooooboooooo
gooobooobooooboooooooboooooo
goboooboooooooboboooobo
coooooooboocoobooobooooooooon
gobooobooooooooooooooooooo
gobooooooooboooobooooboooooDo
gooooboobobooooooooooooboboboo
gobooobooooooooooooooboooooon
gobooobooooooocoOoboocOooooOooono
gbobooobooooooooooocooboooooo
goboooboooooooooooooboooooo
boooooobooboobobooooooooooogo
ooboooooooooooobooooboooooDo
goboooboooooooooboooooooon
gobodooboooooooboooooooooono
gooooooobooobooobooboobooooooooo
goboooooocooooooboboooobooooooag
§3 D0O0OODOOOOODOODOO
oboooooooooobobooooooooooo
goboooboooooooooboOoooocOooono
goboooooocooooa
oooboooobooooobooooboooobooooo
goooooooooobooboboboobooooonog

oodooooooobobooboboboobooooooa
gopoooboobooboboobooboobooboobo
oobooboobboboboobuoobobooboo
oooboobooboboboboobooobooobooa
goboobooobboobbobobouoboobon
goooooooooobbboboboboobooobooooa
DDDDDD(DDDDDD)DDDDDDDDDDDD
gobooboobboobboobuoobboooboo
oobooboobboboboobboobobooboo
oobooboobboboboobuooboboobooa
doboobooboboboboobooobobooobooa
godooooooobobobobbbobobobooooa
oooooooooobooobbobooboooood
O ([fgarashi 05]) 0000000000

goboodobobooboobbooboooboon
oooobooboboooboooooobooboobo
oo0booboobbooboboobooobobooobooa
oobooboobooobobooboooooooooa
gooooooooooboboobobbooboooooa
Joodooooooobobobobobboobooooooa
goo

. O 0O 0O O

ooboooooobooooboooboboooboonoo
oooobooooooooobooooobooooboooo
ooobooooooooooboooobooooboooo
goooooooOOOOOOOOOoOooOooobooon
coobobooobooooooOoooooOoocooboooo
cooboooooooooboooooocooobooooon
ooboboooooboooooooooobooooboooon
oooobooooooooooooooboobooooooo
00000000000 —00 (DbObooboooo)
goobooooooo—o0o0Oo00ooobooooboooo
cooboboooooooooboooooboooboooo
coobooooooocoooooooboooboooo
ooobobooobooooooboooooboooboooo
oobobooooooooobooooobobooooboooo
oooooono

ooooooooboooooooooooooooon
gooboooooooooooooooOoobooooo
coooooooOoooooooooooocoooooo
ooobooooood

So o o oo

[Armstrong 07] Armstrong, E.: Improving Real-Time Mo-
tion, in Proc. ACM SIGGRAPH 2007 Sketches (2007)

[Carpenter 91] Carpenter, R. H. S.: Vision and Visual Dys-
function Volume 8 - Eye Movements., CRC Press (1991)

[Harris 98] Harris, C. M. and Wolpert, D. M.: Signal-
dependent noise determines motor planning, Nature, Vol.



394, pp. 780-784 (1998)

[Hasegawa 05] Hasegawa, S., Dobashi, Y., Kato, M.,
Sato, M., Yamamoto, T., and Nishita, T.: Virtual Ca-
noe: Real-Time Realistic Water Simulation for Haptic In-
teraction (2005), SIGGRAPH 2005 Emerging Technologies
Project

[Hodgins 95] Hodgins, J. K., Wooten, W. L., Brogan, D. C.,
and O’Brien, J. F.: Animating human athletics, in SIG-
GRAPH ’95: Proceedings of the 22nd annual conference
on Computer graphics and interactive techniques, pp. 71—
78, New York, NY, USA (1995), ACM Press

[Igarashi 05] Igarashi, T., Moscovich, T., and Hughes, J. F.:
Spatial keyframing for performance-driven animation,
in SCA ’05: Proceedings of the 2005 ACM SIG-
GRAPH/Eurographics symposium on Computer anima-
tion, pp. 107-115, New York, NY, USA (2005), ACM Press

[Isla 05] Isla, D.: Managing Complexity in the Halo2 Al,
Game Developer’s Conference (2005)

[Jeong 04] Jeong, S., Hashimoto, N., and Makoto, S.: A
novel interaction system with force feedback between real
- and virtual human: an entertainment system: ”virtual
catch ball”, in ACE ’04: Proceedings of the 2004 ACM
SIGCHI International Conference on Advances in com-
puter entertainment technology, pp. 61-66, New York, NY,
USA (2004), ACM Press

[Komura 00] Komura, T., Shinagawa, Y., and Kunii, T. L.:
Creating and retargetting motion by the musculoskeletal
human body model., The Visual Computer, Vol. 16, No. 5,
pp. 254-270 (2000)

[Lee 02] Lee, S. P., Badler, J. B., and Badler, N. I.: Eyes
alive, ACM Transactions on Graphics, Vol. 21, No. 3, pp.
637-644 (2002)

[Masuko 05] Masuko, S. and Hoshino, J.: Attentional Behav-
ior Model for a Virtual Character, in Proc. of Intl. Conf.
on Active Media Technology, pp. 511-516 (2005)

[Mukai 05] Mukai, T. and Kuriyama, S.: Geostatistical Mo-
tion Interpolation, ACM Transactions on Graphics, Vol. 24,
No. 3, pp. 1062-1070 (2005)

[Nakanishi 04] Nakanishi, J., Morimoto, J., Endo, G.,
Cheng, G., Schaal, S., and Kawato, M.: Learning
from demon-stration and adaptation of biped locomotion,
Robotics and Autonomous Systems, Vol. 47, pp. 79-91
(2004)

[Natural Motion] Natural  Motion,
http://www.naturalmotion.com/products.htm

[Rose 96] Rose, C., Guenter, B., Bodenheimer, B., and Co-
hen, M. F.: Efficient generation of motion transitions us-
ing spacetime constraints, in SIGGRAPH ’96: Proceedings
of the 23rd annual conference on Computer graphics and
interactive techniques, pp. 147-154, New York, NY, USA
(1996), ACM Press

[Safonova 05] Safonova, A. and Hodgins, J. K.: Analyzing
the physical correctness of interpolated human motion, in
Proc. ACM SIGGRAPH/Eurographics Symp. on Comp.
Animation, pp. 171-180 (2005)

[Safonova 07] Safonova, A. and Hodgins, J. K.: Construction
and Optimal Search of Interpolated Motion Graphs, ACM
Transactions on Graphics, Vol. 26, No. 3, pp. 106—1-106-11
(2007)

[Shapiro] Shapiro, A., Ng-Thow-Hing, V., and Falout-
sos, P.: Dynamic Animation and Control Environment,
hitp://www.magiz.ucla.edu/dance/

[Shapiro 07] Shapiro, A., Chu, D., Allen, B., and Falout-
sos, P.. A Dynamic Controller Toolkit, in Proc. The
2nd Annual ACM SIGGRAPH Sandboxr Symposium on
Videogames (2007)

[Sok 07] Sok, K. W., Kim, M., and Lee, J.: Simulating Biped
Behaviors from Human Motion Data, ACM Transactions on
Graphics, Vol. 26, No. 3, pp. 107-1-107-9 (2007)

[Witkin 88] Witkin, A. and Kass, M.: Spacetime con-
straints, Computer Graphics (Proceedings of SIGGRAPH

endorphin:

—0 0O 0O O

OO0ooopDooOo 120 10 a0199700

88), Vol. 22, No. 4, pp. 159-168 (1988)

[Yin 07] Yin, K. K., Loken, K., and Panne, van de M.: SIM-
BICON:Simple Biped Locomotion Control, ACM Transac-
tions on Graphics, Vol. 26, No. 3, pp. 105-1-105-10 (2007)

0D 07 00 OO,0000,0000,000,00000,
00 007’00d0oooooogooooooooooog
go0o0oo0O0DbO00OO0o0oo0o0bO0bOOoDOoooobobooboo
godoo»,00bo00ooooooogod, Vol. 12, No. 3
(2007)

[0 06 OO0 OO,00 00,00 00,00 00,000,
o0 oo,0b0 obobobooboooboobooooobo
000000 Kobito -VirtualBrownies-, 000000000
00000000, Vol. 11, No. 2, pp. 313-322 (2006)

[0 07 OO 0,00 0,00 000,00 OO0 Spilant
World:0OODOODOODODODOO0ODO0D0DO00O0000oooooo
0oo0oo0,00o0ooooo (2007)

[0D0 93] 0D OO0,00 00,00 00000D0O0OOOOO
0,00000000 (1993)

[0D0 o07) OOOOOOODOO OOOOOOOOOOO (2007)

oobdO0Oxxoo[

19YYO MMO DDO OO

go0 omoogo

1997 0000000000000000OO00019990
ooo0ooO0o0O0o0oO0ooO0O00O00OO0oOO0o0oOOooOoO
00000002000 00000000000000000
2007 0000000000 O0OO0O0OO00OOOO0DOOO0
Oo0o0000000000000000D0000000
000oD00Do0oO0o00oOoO0ooo (0o)o




