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Abstract

This paper proposes a novel hidden Markov model (HMM)-based gesture recognition method and applies it to an HCI
to control a computer game. The novelty of the proposed method is two—fold: 1) the proposed method uses a continuous
streaming of human motion as the input to the HMM, instead of isolated data sequences or pre-segmented sequences of
data and 2) the gesture segmentation and recognition are performed simultaneously. The proposed method consists of a
single HMM composed of thirteen gesture-specific HMMs that independently recognize certain gestures. It takes a
continuous stream of pose symbols as an input, where a pose is composed of coordinates that indicate the face, left hand,
and right hand. Whenever a new input pose arrives, the HMM continuously updates its state probabilities, then recognizes
a gesture if the probability of a distinctive state exceeds a predefined threshold. To assess the validity of the proposed
method, it was applied to a real game, Quake II, and the results demonstrated that the proposed HMM could provide very
useful informationto enhance the discrimination between different classes and reduce the computational cost.
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Feature extraction and pose classification resuits :
(@) an original image, () moving region, (C)
skin color regions, (d) RO! results, (e) a feature
vector, (f) a classified symbol.
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Table 1. Skin color distribution.
gtebu)g N EXE
7t A 1.001 ~ 1.18
Z B 0.82 ~ 097
L 170 ~ 330
q 2zol wWed $3hd, 1 i WyA gdoz
Az R 22 A3t 29 2Achel dehdd

3. ROI #&

49 94D AR Je AP g @
F3 & 990 #2 Ak F AR PEEES /K
174 99e 92 ¥ $eoE REY

a9 25 B4UE FE34¢ voF a8 20
% (e $49 #& 2 A% FEE%E SY
o)zl ROIGYo] 17 2(2he) viebdth ROL 992
AAAE A IS o8 FAY A4S AR F
HEHom Ty 2(vhet 22 9= ¢ &9 94 #
F2 749 54 Wg2 et

e ’5}‘%ﬂ Az=Ae
sHolglcka 714 o : {start
pose, intermediate pose, distinctive pose, intermediate
pose, end pose). B3 EE AAxE & XRE AF
8tal go] Y, start pose®} end poset FHITIR
743t} Distinctive pose= 2t AAX 2 14 2Ale
22 AxAHuvitt §9s3,  intermediate poseE-
start/end pose$} distinctive pose AFo]2) £=Z 2)v)3k
o 2 =84 Quake 119] Ao H#EHo& 137]9] A
228 A, o]y AxHE Y3l 23709 £=

H

o

22 3= ERYE, 7 i wbA
FIAGE 24 Z2E€E F W] W&
=z BF717 Fasit) o2 ), &

eans clusterings ©]-83t A= Engg
3 F2W SAUEE vjaste] 2= Y2e I
HES AEAE L gt 2 Bl dlolHY
AL 918 1099 Algo] 13719 A2XE zHzH 1044
Tt Edold HolEERE 57 W

=
=
dtal, F2d SAWY S s FeAEE

= b

EX
=

A

2‘,5
o)
=

K|



20 Had olag 9t
&S A4t 1 27, 2749 "AEBo] dojArth
dolzl HEREL start/end pose?} distinctive pose,

intermediate pose®] 372EoR UFoldh A
1258 o] &3te] 9JE B4 WEE ¥2 B

o 8 54 HE83%e A E(matching) g

M
=

at

(R (e A O
o

R F{II ox

37 S f2aAdd Azt ALET a9 2
(she 329 54 wEd Yg £2 27 272 0o

ot 19 2(7h+ ‘distinctive CV (%39 = A9 #
Z)Z BRI

IV. HAK Q14

A2A A4 Ao
A2AE AN B B

2 AHgE ol
49 RS Ade] Yo AL HUME A
I¥ 32 Ak HMMY 728 HoFr) Al
HMME 398 1349 AXAES 247 A4g
A+ Y 13709 specific-HMME S S&3= &2
FHE 1349 A=A BF ge ¥
=z Addn FRAt Add gaA olFeln
olejgt e AH o AREol ofd PEL A

rie

(a)

a3 3
- Fig.

ey nl23z Py

Walk Forward
Ready state

(20)

J €T
i
rx
]

ANE HeA G =
AT WAl EAL Wl Aolt) o]
7HA el o), Ars a9 39 (a)8 e 7
2 7MXA D). 24| (ready) AElolA] A=Habe] AQ
HVMMS A2¢ Bz Ao| qled= o wich 7z 4
HEo 3g 7+ AT oy oW A BE gt
o] A&HA AAREY =& A

AzHZ Qo] 5= ]

T A=A £

s

1. Specific—HMM

a9 39 (het #Zo] 4 A=AE
specific-HMME2 25 22 5d% Azt
7YA = left-right HMMe|t}. Specific-HMM-  #}2}v)
B ¥ {(z A A Be= AHodw o4,
7= P(q ,=il0<i<N—-1E z7] ¥ FEE

o

A7l Az et aen A={a) = 4y A
o #82 Ushiis N N9 Yot of u, gj= 4

intermediate
state 2

Distinctive
state

intetrmediate
state 1

(b)

HorE HMM #Z=: (7D Unified-HMM, (- SpecifiC—HMM
3. Architecture of proposed HMM: (a) an unified HMM and (b) gesture—specific HMM.



20064 18 HMASSE =ZX X 43 2 Cl H

B il 7R olg gl
B={b ij|0£i£N" 1,0<;<M-1}e 4

38 Uehe NxMe F8olt 7 Aas Qe

A 1A B A B3 AR or deR SEEA,

M-1

za &7l uaqn

ANel B9 +2 yehad,

g %4 52 FoAth g 9

oq71H, N& 24
[t o= 29

0|9} A7k o B <

o deolth TS 28 #ZF AE 49| Zojgtn & o,
gt t2 27 1<q<Nsta 1<t<Telth, Me 2 4]
2o £EA ¥ o 230z AAHoHTH

={040<0 ,M—1}& 9499 Azt tollA 9 7t
Aelol ta s BE #E Bk

S A A A&7 9=, HMM] 3

gue o] g5nAe B3 Ad"gHo A gt Fo

2 pol g, #2 AE AA2 ool HE Hd FAE

ol Plol )& T3t7] 98, 1S Baum-Welch %HE A}

g5t A5, o] & Plol )& Forward-Backward

algorithm & A}-&-3ho] AlAbeit),
2. Unified—HMM
Zy A2HE &= specific-HMMe] 3%

Q14 =
‘ready state’®] FHE T GA o]Foizch AQtd
Unified-HMM-2 v]g] 13 dlojg& XLE’]'JL‘\__‘ ANe g
& ol At gkl HMMA= ,
A8 2EZS el A2XE Q4T E}.
a3 (a9 Zo] Unified-HMM2 1719] ‘ready
state’9} 26709  ‘intermediate state' % 1379
‘distinctive state' B2, % 40719 Jei(state)® TAE
ok A tE HMMOAIA Y e ol 53 #5 HE
g52 77 98 AY9 Bz mol8Al ol dEE
o ogy 2o AAL Fa dojun AYst BUAA
FH| e BF el Afole 13709 specific-HMM

olAe] Azt e &8 geY TR dojdth 1
dx P H9E specific-HMMe] &8 g 1d=
AHg-ght,

Aokl HMMAIA, 271 &8 # & F53o=
AAHN A BE AxAE 4] deodA AFs7]
W&o, ‘ready state 2o o] FEL (09F 3lu, o]

‘ready state'E A o2 3979 FEHIZ Ho|FEL
012 %7] && s Aok
seinel 1, AY) BY, zUc] Folxe u, Ata

2D

M1z 21

AL AR 2 B FE #eEs Al

£ ki Aeel ohg A
BolA 5,029 Ho|8E
oM T2 AR g7}
Atsl g, SISy = 3 9k
4 (5)% o]-43] Aﬁiﬁr
o, Aotd mEe 7+ Ay 3
N3, o] w whef £ wq 85 ol w2
AAZ e zIsE, 1 =4 AUE

170
A=A A4eE, 48 2EPS

e

Aord Wil a&4dS FHsl A3, AAE 94
AN2ES Quake O Al QIEFHol22 A8l
# 2v AYHHEAZ AMEH 13709 ALAE BoE
7} A2AE start/end pose$} distinctive pose, 181
intermediate pose® TAHATZ 7HAEHR7] WE
o, & 30A 9} o], 237)e] TREZ YEPdTh

l‘kﬂ,

VI. A" 21

Aotd Wyd o 7x 2R E 7 g &
Aol A=t A8E 98 1089 AHgAE 1374
o] A2AES 247 1094 FATES T3 130074 A
doolElE 3 o] T AW 4L HMMS &
#e g8, UnAe g2ER AMREHA

a9 4= 2t A2 g8 @40 o
ol digt A¥Ad7E BoEr oje At
A A selAE 53
on, AbgAle] A% £2 BF A9E A3

R 4% AlE A 2"Y AaA Q1A
o} Alokd whHE 9592%9] A4 A3
4ol A Hol%o] AotdE HMM< ¥
EiR S olﬂﬂﬁ} A gk 2 o= w 27] Wi

A& 4 g 38 Aot Wyl e %2 ‘rejection’

[e]
JUEHES



22

sl 2

HAX oAMZ 2t 24 nl2iz= Y
E 2 dolz 2 AdolMe| 1371e] MAX HZHof
Table 2. Thirteen types of gesture command in Quake II.
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Table 3. Pose definition.
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Fig. 4. Experimental results for various environments: (a) an original image, (b) skin color regions, (c)

moving regions, (d) a feature vector, and (g} a classified pose symbol.
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Table 4. Confusion matrix for the proposed method.
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Table 5. Comparison of recognition results.
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