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Abstract

In this paper, we describe a system that can interact with agents in the virtual space incorporated
in the system. This system is constructed by an analysis system for analyzing human gesture and
an interact system for interacting with agents in the virtual space using analyzed information. An
implemented analysis system for analyzing gesture extracts a head and hands region after taking
image sequence of an operator’s continuous behavior using CCD cameras. In interact system, we
construct the virtual space that exist an avatar which incarnating operator himself, an autonomous
object (like a puppy), and non-autonomous objects which are table, door, window and object.
Recognized gesture is transmitted to the avatar in the virtual space, then transit to next state based
on state transition diagram. State transition diagram is represented in a graph in which each state
represented as node and connect with link. In the virtual space, the agent link an avatar can open
and close a window and a door, grab or move an object like a ball, order a puppy to do and respond

to the puppy’s behavior as does the puppy.

Key Words : HCI(Human-Computer Interaction), gesture recognition, state transition diagram
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Table 3. Number of required frames to approve
valid gesture
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Table 4. The Condition of recognition of orders
= =7
FAALe) | o2t -
Hx, #Hd 27 34 5= vld] Fzbe] ks
Neutralizel xZ29) $jx] wWskr} glofet &
vE, 252 237] 3o Fridow 94x] wapt
Call |AAk stz F7] 39 peakdEL 2 =77k
A2 9ol 3
Rest 9} )+ 257) Bat y5e $1x wistel] wj),
2t 987 Ented Yl g fAlslok
Hx, o) 87 34 ¢ o] Falo| 8.
vE, 259 1A 837} glolel &
x3& 237 B9 FUIHoR A HsEp) AA
Neutralizel Pat |oF 813, 7183t peakd S8 27|17t A2 A
o} g
&) e YA
3 ghazkA] eobd Yelg A8k
New Affirm {32, 3] 27 94 5+ Wl Fxbo] ¢&E
Affirm “’M-"% X‘?—‘:_Qé‘ 7“\'7_;—9& 3}%‘ (‘t_‘ 12157] %‘)\} -
Rest Yo Zrksil oAl egeE Z) o
Move |2)x 0°2 Eolelo} &
Move | Stop |8, rZh& 0°2llA] E3t glolok &
Neutralize Hx, A 27 G4 5 el Exle] g8
Hele] y&& 7SR e fe 157 B
Rest | Negate |'-u}sk mi= '+uigko 2 Zolsicyt oA iy
Affirm wakow Zy} g8y (PR Solelol
a, 7 0°FTolA W} glejof &
iR 3Edol Al AA) Felg fAlsoF gk
INeutralizes Point |"HAl9 2:#|qlola-2 =] wispy} eloje} &,
91212} Wake glolo}
PR 3mglel e &b FElE FAsio)
s, =27) walel $)x) wislo} glelo 3ok &
Rest | Relemse |} ¥YF AAE 9T $2) vE A8l 32 x
% Sl BRAY x% 92 B2 xS A
o) whgko 2 5CmAE fAlslol 3 &9 =
71 dF oo =7]e] 1/30]abolejok ¥
Grip |°PI% 3zalglolake Fuolejo} g
Object [H1% 2ze|gdol & 7] sz} glolof &
Fme) gelsh ZolAl $i2 Wsrh glolot
Grip g},
Rest | Window | zorsgmp} 97 & #12 3mejqlold d%es
Enpty ezl slofof §
Grip Doorj£=9] $1=19} 714} F2kell &8k object, A&
24te), £ &Atote] x|zt alxlsok 3
Grip
Object whx)e} pmegol b Enbetelofof 3.
Grip | Rest |&wi=h Feizb olFoix)7] Ao =hx 2zag)
Window P& Fmjololo} 3.
Grip Door|
Open | 52%9) Alzkse] shEzpr] 4 efo]oio} gt
Grip | Window |yzo 71at zzhie] A8 walelrt £2d 4
Window | Close |+ Wakoa gxlejo} §
Window |y%, 259] ol5-2 gleloF &
Open |Sate) Alzkye] skazix] o) gejololof ek
o Dood Door Ix%, 228 7W 370He & &golr 299
Close | & wEkoz -g3ledo} g
Door |y32] o}F-2 glolef &
Rilt;pse Rest
X Neutralizeq% = A 25 el .

A7] 2 o]

(218)

3

b AgentEFHe) A3 A4 Hsk
0°2 Solelo} &t} S (vertical axis), FF(optical
axis)®} 7= 0°H-ollA] Wislrt glofof gk
"Rest"el|A "Grip Object/Window/Door” 2 o€
AL A, FHFE) 57 A A 3z el A%

ol

o eaiye} Slojol ek B, el v 3
ool FHYRE s 2leh A2

sof glct.

"Grip Window”ell4] "Open/Close Window"& 9|
2 232 A, 53] ARRE SErkA] FHYEst
fAIS ook B} EAl, £ xF2 W e A
£Ato|7h 2AY ¢ e WEeR Ao} dh,
vE, 259 o]F-2 flojof Tt

QA wEel iRt % FHS E 4o A Tle

= Qlet.

=3
oy

[m}

ol
[

2l g dE AE

V. HHOo|AE 0|2

S

k=1
T

L A% 8 Azd 74

AR A A A% JWE S TR
T FAshe opelel a2 FRHQ W5E 3
9, BEA]) AASA A, ¥, o2 A9 7
A, 23 e Yyeje) enAE fog T gk
o 7@ b TR A A Azwe] 5
F-Eol AR ook A& A Alzwhie] s
of i AE BejFErh 2% T, 9% 34

A heletae] gHE olnAjela, ofHE
A} Feletete] olg=l ofnlAeldt. $5 A
o) whrolld gFe| W HRF, 5 s i
A £ A, =27, 3 ARl Wi 54 F29
Az 2 & glok o] 3% AL (210 s I
ot 2% 8b)ek 27 10 TEE M Tk 4
& 253 glek ¥ dbelde 7 Y &l
7R efgde] AR 2HAES} ¥ F 9l =HA

A

Ly

)jl

]O OH oN,
N L “_'s
—_

rfgf

of

A

o ¢
o

A F-YL

E 2 2 olt} w3l 37 10h)lME 22 gAo]
A A4 H99 fngs & 4 olck 239

7hedlel =] e AlAE Bk Axe ohtelrt
Al sl AlAe] Sk vl ol



20024 58 ®ETIZEH

s

2(+) { Tabie)

\@obyec: "‘

Pupoy

Front Door
LD PL“&'J x(+) Y
i Avatat

E " E N £

e — Table? | (\ Tavies |

o = e ;

/

Virtual Space - N

Feature Extraction
(@) (b}

(@) &2 44 Aad FAE, (b) s A4
Azel FAE

Fig. 7. (@ HI system configuration,
space configuration.

[ By
Front-Top
‘ Cal

a3 7.

(b) virtual

2 F Qeislol 2T ol4at 45 4 A3

EAo] olRolxlEd] 275 W 45 W 5
a3 wlFE1g SRR R obre] SASIGIeE 3). F
2} QA Alzdlelld] dejzl zh odatel] gt 52
5 W3 MA=E, alslua) she 2 1 54
o] &73le A AR 94 F 2ok F ATl o
Hell A= & HUE Yol HALE sl v
of #7144 A AS A 48 G ¢ el 1
o] &EHA| kom olAER] et

APL oplert 2A AES o F2, olel
7} slulolA] S HAES s o= WS W 1H
o 7P T WY AAE oA TR
o] o] Rl AA A2 XA 7 33t
Wellx] 2ile] 225 F3fshe ohulete}l AxHoz
A5 Ag3he ol oigt Agelvh 7 WA Mg 8l
el 7P 7 el olrtelet = shtel ERIEl o]
g 7R3l AAQ Hug 44 F F Y 53 A
A7 A3 A8tk Aol digh Aglelrh A3 B2t
HolAl vlwg FE T 53 &me AR 5
2 2 3= Ao 7 =- &, 2F uE &
ol o3 o]Foiglrl. Holr} o]foix 2 TRk
& T3 7RI 9l BARNe Eabol lEEe
o) AZketkc} gl dHolele T2 F2ke] Ad) vl

1) ohalete] A 85l gt A

o] AP FapA9) opulelele] 2Aq] AbE 24
o 2, ohrlelrt AA o]Fdl("Move) 2EE02
A £3bo|E A2 F("Grip Window”), 2 o
©= 53H"Open Window”, “Close Window”)ol] w3k
Zlolet, 7} Extol| gl wejel F £ HHL ¥ 59
d =%

AL b AW Za o] FERR= ghHEst

#3948 Cllg 238 73

E 5. 529} avatar®] AZ bl ojgt
we]o} £ &9 §

Table 5. Order of head and hands for
interaction between an operator and
an avatar
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Fig. 8. "Open Window” (a) result of feature
extraction, (b) a part of the virtual space
after the order.
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Fig. 9. A sequence of gesture recognition for
interaction between an operator and an
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Table 6. Order of head and hands for interac-
tion between an operator and a

puppy.

=2

(<]
Rest — Affirm — Rest
Rest — Call — Point — Pat — Rest
Rest — Grip Object — Rest

2

o

B3 ("Point")& Wle A9

213 10. PuppydllAl
A () B4 29 A7, (b) Puppyd] 3
Part of the sequence that an operator
activates a puppy and orders him by
pointing: (a) result of feature extraction, (b)
puppy’s motion.

Fig. 10.
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rightz

left x
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right size F R
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Head State | est | affirm | rest
Right State | rest ol point | pat | rest
Left State | rest } orip object | rest

a2 1. F9sh AeA Ade] 45 Aol o
4 e 7

Fig. 11. A sequence of gesture recognition for
interaction between an operator and a
puppy.
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Fig. 12. Puppy’s motion after "Affirm”.
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