A Study on the Gesture Recognition Using the Particle Filter Algorithm
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ABSTRACT

The recognition of human gestures in image sequences is an important and challenging problem that enables a host of human-computer
interaction applications. This paper describes a gesture recognition algorithm based on the particle filters, namely CONDENSATION. The
particle filter is more efficient than any other tracking algorithm because the tracking mechanism follows Bayesian estimation rule of
conditional probability propagation. We used two models for the evaluation of particle filter and apply the MATLARB for the preprocessing of
the image sequence. But we implement the particle filter using the C++ to get the high speed processing. In the experimental results, it is
demonstrated that the proposed algorithm prove to be robust in the cluttered environment.
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system

LNLUE Hel 22

€ =iy AL ted 2ok A2 o]0 el A
A erat L AH8H= CONDENSATION ¢ 18] Z9] 78
FEHRAG 9 #E 228 V&3, MM B =
oA At gaE) S 4 0}7] AL 3F
A 7)ol e 23

i

o R rir

o
ox
o
e
ofL

0 r‘?‘_,‘
£
2
ox
=2
>
il ‘“
é

[I. CONDENSATION &112|&

2.1. CONDENSATION ¢85 712
CONDENSATION ¢ 1.2]%2 CONDitional dENSity

propagATION 9] SAHE Z§aA] THE RS2 A A7t
& 27 2% A s} (probability density propagation)Z o]
433 9tk & Z4 dlo]HE ofd SA 2 A&5}7]
B dlolErt AR stE AQ & 2ASke] fElA N
e 7hEA BEE ApE-git). ZF R 2L A el(state) 9} 7}
F A (weigh) 2 T4 0] glom, 7154 = A el (state) 7}
A3 diojgdl| oA S5 G5 vlHsA 2 E
o B2 F7h S et RR S0 A e #5d
pdfe] A8 5= Z7)35HA ©t

A ARy, 0 t, TG EF A G EC] TEAR T 7}
At 29U AL+ 1M A2 TE AFE AN
3t7] S84 dei(states) S-S Azt AE B2 JGL

e A4 7t A & 2A R st AP EHA D gt
% 7 R 29 7F A= 4 el 7 A (selection) 5| o] 2 &
< AR B AHEHA T3t A 5,7 Fo4]
A A ATt MEL FH 5,49 dFE 4
& 2o 7]gkg Fol BEXTh AL TEA 2 H
= p(Xy 41X, = 5,) 208 EE s ampling)E 3
3= g 2A ok 94714 X & A EAY] dHE
Arste gt g £ HE

olAwo 2 s, & 838 plz, 4 ls, )l vldske
HEAE FET AVA 2,42 AL+ 194 )
A 2| o] B2 A}l (observed state) 2 e} = 32| g
9 Ajolth 2 YA Z2A2E OGS B5E 9
st} wkEaHA gk o] & Yo g oyl 7MY &
B3 o AelEol o M5 & Z2A d0h 999 &
4 pdfEe] Bd g o 7] W&ol gl A4 tdE
(&3] & Noj dvtar 7t gho] shute] FE4 < 7HA
o] &¢-& wj7t=] EAI3HA €t

22. 52 9142 9% CONDENSATION # £

A5 E2F Q1212 9]3le] CONDENSATION ¢118]&
& A 2387] Y8jA B =& A+ Black and Jepson[2]¢]
AA g S st 538 Al Lol A A El(state)
= sebule WE A s, = (4, ¢, 0, p') o o] B
3tk d71A 7 getn e gL ted 22 ouE 7
1t

p: Rdo] X = AL Uehlie Ag A5

¢ A A YR

2033



S FH 2T A =84 4108 A11E

mﬂﬁaﬂﬂqq¢

gggﬂﬂ74m44aqan%aaqeé¢%%é
o] FAo) et R AA) Y2 Ve, ¢ & 08

£ Aol hgt LA 912 & et
Lopste 2 e g UEh] flEiA 2 =2l M ET
7HA 9 shetol B & AL A ot

7}. 2713 e A (initialization)
EE AL Hed 74]"“"1 z713te o N7 &
So] #53 7tEAY =2 A& 7 e e Sl s

H % 2z gk FAHeZ 3
A3 2ol Aaxint.

1_‘54

A xSt 9
z7] FEHES Oy

#’ € [17/1‘ma);]

i 1— vy o}
= 2y e [0,1]
¢ vy Y 0y

a_i € [amin’amax]
pl € [pmin’pmax]

. o & A (prediction)

o ZTA M= AFstA T2 5,9 2 Fatn g
E9 tg dAE AR E Aotk F 479 B3t s,
o] detrl g B 7IWkg Fof 5, & A AE
Aok A7k A e s, B JAPoeREH L
o] 7AF A ol 718k ol ‘iﬂ‘%ﬂﬁ}}ﬂ AegEnh. &7 82
o rtEAE Add g2 FE& ZAY oL &
7 &-& ¥ o) E(cumulative probability table)-2- 48 4] 5} A]
[0,1]2F0] 8] #%5 W'E ¥ & (uniform random number) & Al
Bgoax g&ANoZ AT & ot g gERS
_'_Eo}y] 28] A = o] A g Al(binary search)[3] 30 -S A}

N2e FUE AZ37] AL BE 4L A8

2034

M;+1 — M .
¢;‘+1 = ¢i.+p1 +N(U¢) 2
atyq = a;+ N(o,)

p1t:+1 :p;+N(0’p)

£ o
e =

&L
)

£

i
o
)

_>|:
=27
e
&l
s
i
=)
o)
rlo
o

KU
my 2 M
o mr 2
Ho & 8

I

o
B
[
finj
:?‘:
WJ
R
2]
rl
i)
ot
L
ol
dlo
=
2

o
H
2
iz
=¥
¥2,
rlr
]
2
o
Ho
N,
ol
1
J
Ql',
£l
30,
ful

}2}o B £ o]
I A =E 3
o A2 &
‘3} -’?‘—7}2 /‘H

ot
rlo
fa
r{n

o
o
Foi
rsL
-2
B\
L o
s
oZ
_°,L'
rlr
pok
=)
e
X
olf r,.
o

Fo] 919] 2715 Al wfebA] @A
2L IEAAFA RE ZREY 10%E
275 9 A st 2ol A3

024 F% Huige] B S SA FoksA) RoA ¢
F T F A2 L ARG PYFES S AT 2197

Fo A A "}

o
rﬂ

t}. 7841 Al (updating)
Ao dEuA ggezs 2L N9 4% g2
£9 Aol sl ol A B A THEAE BT
ofeb @ty A BEY JIEAE #EHE dolE
Zy =z 2,5)7F FARE 9 27 di# $&
(likelihood) 2] i A](measure)7} ¥t}
AZbol| thate] t A Aol tlg ZAHRE] &

&7 o] Ao

Z,;= (zt,i’z(t— 1), ) 3)

231 %ﬁ[z]A Black and Jepson®] 4]

= =
FoAAE e 2L AFAE AdsHE 42 8RS

¢

Ztlst) - Hp Zg 1|St) G

i=1



Particle FilterE 0] & & A| 24 94 A7
B, 7L A% 94 2
g AY J4e tAg AT (SONY DCR)E o] §3}o]
Playdo) = —p—eap—=—g——— 0|2, w  FYSHANL BIL JFe Telo] A717g o)-§3fe]
s _ e - . ° _
A7 A B0 T FARE oA B Zsjojg,  ZOBSE A Fol 320x240 A IS IPG FH
oz A%tk AFE L9 FolA 54 AHL
201X a’,¢" sk p' & o] 92| 2] ol 2l Blob)el th# & ; g
() ehiie 420 WEe 2Pt 7322749 5
= “
2 AR e S deia Qo a'mE s g puwe dese) 49 94 es Adastags
= 2d prt A7 ¢ —p ol Al interpolate B} FAS Bz,

a'dl gsA 2AY 9 2 po idA Age Foi
& vehdn

2}. ¥ (classification)
AF7A Aol At AYHTHA oA F& A
< 9gE s uldQ A|A 2 A F 9 F Fo A o=

7)il_

9] A o}o]r,]o]*y}x} j_E-] =3 7]_1\-1 o] 2= 2| ul}

IEEF st Zol7] "ol B =fA s AA vt
EHE 2%487) 8 vn e ARz oA

>
)
1>
lo

-?-‘-"

=R R A
O 2 off N
o

fot rlr
2 e ae

RO g

_O|L

2

R

-

e

i)

L2

N

o

o o J
e =2 oo

oX.
e

m. % 2 % ARM olofx] Az

ALY A7 BEIS) A5 S A G Aol B =R
AAE F el B2 Rue Adsgich 19 30 2
A3} o) 4 18 AFANE 5)E Vel B2l
2 §AE =a7] 5342 Uehd Ro)k

o
it

AESR1 B X2
a7 3 279 &= 24
Fig. 3. Two gesture model

a3 4 2720 2E A Y A
Fig. 4. gesture images of the two models

ZZ}segment) 2. 2 =2 7] $3}
g2 s stk §3 ol
w2 Z37}2] ol tjste] o] (skin), ¥} 7 (background),
o) B(clothes), 2] ZH(outlier) 2] 47}7) Q48 FE3lq
2R e 339

PO 22 gL dA g, w A, o B g npx
A5 AAsa v g o] &5t A7) g B H
(mean) 3} & 4Fgk(covariance) & T3 o o] A& 7F4-
22X gold 9B 2712 w284t d3e 1
g 59 2

L zrw,w,
a8 5. =2+ 757 2o
Fig. 5. Output of segmentation

o} S8 A dojg] 24 237
oA Z+ olu| Ao A Al A9 71 2 m R A Yolq]



B2 LEN S =2 109 AlLE

F37) 9
ZoARE 9
A0

itk WY 3% g o] 72

& Z A} A FHo] Yojg)o] 2 ] =y
9 2ol 94 gow N2e golz 4
Agatark o3 A9 T8

W 2t7ke) 34 Fer

= -
12
™

S

>

S

2

1~}

0,

2. g2l o] o A A A

olA] @olgld] AAE& FHgte AL Nud &
WA zF T oo A A Ao Polale FAlo 22
ok 283 YA ofu]A] d(sequence)Foll A A WA X
84 ZAE| A oj' Ao] A& 0 E&8m Mg Wt
AR g} dubd it AA s YA shve A
Fo2 447 gioitt Al HE H(sequence)oll A &=
H A9 FAol AW Ao AF FA 9 7+ ket
ZAgth 2gn o AL N2 9& FHo 2 A
LojAL 22X gFAME 2L HAHS urE g
Nl gojgl7t AR HE 38 ¥ 3 £ 528 A
g1 o] % UFel 29 A4L A8l 3

i

o >'i

N

arﬂtmzrsﬁmim_?.o
g B

4 8
H

i

a8l 6 F4S 0/8% =X AN

Fig. 6. Tracking result using centroid calculation

ok &% 2o 44
% 56l THE £ £59) 2LL A48 A

2036

2 Zel Aol 3 78] £ oA E o] §3he] o] 53
959 £5 8 AVAGT g 197,82 EEY B Y
219 o)k

Model Speed

20

velocity (pixels/frame)

) - Right Hand Honzontal Vel.
=301 N 7 - Right Hand Vertical Vel.
. "¢ | —Left Hand Horizontal Vel.
N R Left Hand Vertical Vel.
40 i . L : 0 T T
1 2 3 4 5 6 7 8 9 10
time (frames})

O 7. 29 19 &5
Fig. 7. Velocity of Model 1

1 . - . —
N AU (v
osf I — ~ mocei2| |
| :
051' ]' g
o7k ;
z an
§ i
3
gos |
8 04 ]
E 5
o3} i
o2}, i
01k I
T e T N ~ A U -
0 10 20 3 4 5 60 70 8
time (frames}

a8 8. Model 1, 29 &E
Fig. 8. Probability of Model 1 & 2

ALH YAt Lo A5& A F3] st & =7l
AeF N T2 2l ettt & a9 20 B A
o2 2dE o] &3ttt YA E 9 Al 50%] &
ALE 71HFA pgae = 25 g =0.5, 0 = 1.5,

Pin =05, Py =15 St o] MA3) FYch @A
0, =0,=0,=012, 4@ w=1022 243 F
=



Particle FilterS o] & 3 4|25 ¢12] A3

Az} DE]Z o] &3lo] Bl 13} 20 Tt 4 g
QAFAL g8 9, 10011
CONDENSATION¢]| 7}‘3
0])&1 UI z;g /\_]

g3t

V. &

T

Z2ErdAs T g8 AR 2 s A4S 2
w2 375 CONDENSATION 12| &4 o] 34 9l
2ol B4 o AT E FEE 2HART A AE
(prior density)$} A}-§ &-E-(posterior density) 2 =3 € t}

FEAY EAL TR UG EA AR, HE 84,7

o e

o] i3 Ar o Ay S Hriety] i Axtdoh
48 23S 5, 2 =FAA ALt e BHE F
2 A4S A AL 2 5 YeE TS

s pinare
oo Ed e o oo Tty

Do M@ axos

"Bl £ e e T oo mmewm
naua LRanvg
o

v] e, Ft S e B
DEWSILICARN AT

B e A3 NP o W0

57 A IS O AN

a7 9 Xt e[ B 0|85t 2 15X
HE(RABM RQEZRSZ 2o|M ofhZ)
Fig. 9. The tracking process of particle filter for the
Mode! 1(From left to right, top to down)

s
BoEatdw ek oo u«m e B
Mg

J8 10. YXHEEHE AlE8st 2 2 5 oty
Fig. 10. The tracking process of particle filter for the
Model 2
A2

[1] M. Isard and A. Blake, "CONDENSATION - conditional
density propagation for visual tracking”, Int. J. Computer
Vision, 1998

[2] Michael J. Black and Allan D. Jepson, “A probabilistic
framework for matching temporal trajectories: Condensation-
based recognition of gestures and expressions”, In
Proceedings 5th European Conf. Computer Vision, Vol. 1,
pp- 909-924, 1998

{3] Michael Isard and Andrew Blake, “A mixed-state
condensation tracker with automatic model-switching,” In
Proceedings 6th Internal Conf. computer Vision, pp.
107-112, 1998

2037



F2HFAREA S =22 109 AE

KK

ol 2 ¥(Yang-Weon Lee)

1992'd A&t 3tal A o] Al & 3t}
A&

19963 E34-F AU G uAAA7|F
gHEA(F D

1996-AA: 33 et A B EA 2ty g

1982-1996'd A 74 YA+

HEARF: Holtid A, AB U 8-871<, stochastic

filtering

Z & 2A(Chul-Won Kim)

1980'd FL g a EH(FEAD
1984 2t sk 41 (F
44h
19973 FE st thr A &1 (FAh
1988\3 -3 A) i H FH 383w
xRl WErto] AR, AAAY 2
Eluto] &8, 2Emto] EMAE T

2038



