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Real-time Hand Gesture Recognition System based on Vision
for Intelligent Robot Control
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ABSTRACT

This paper is study on real-time hand gesture recognition system based on vision for intelligent robot control. We are proposed a
recognition system using PCA and BP algorithm. Recognition of hand gestures consists of two steps which are preprocessing step using PCA
algorithm and classification step using BP algorithm. The PCA algorithm is a technique used to reduce multidimensional data sets to lower
dimensions for effective analysis. In our simulation, the PCA is applied to calculate feature projection vectors for the image of a given hand.
The BP algorithm is capable of doing paralle] distributed processing and expedite processing since it take parallel structure. The BP algorithm

recognized in real time hand gestures by self learning of trained eigen hand gesture. The proposed PCA and BP algorithm show improvement
on the recognition compared to PCA algorithm.

L =
Intelligent Robot, Recognition, PCA, BP algorithm, Neural Network

« SYUMSty X s2RFEn HRE 2000 04. 12
= A 2sty A FE s HArREZ YR} ¢ 2009. 06. 15



A5 23 A0S A% H1 A7 A7 A5 14 K 28]

I.M B

2

o
~ filo oli‘
o

Y 2Ro] 7ty A3 Z}2-35)o] ol7ke) Wy o
1813} 10] Wk Sal7] M= o] 280
%01 JJ_S_Q]—E]— aZ A A ZHAA 7| EL 2o
FH YA RALE F A= ARE AT
bi%“] A2t j"’“’ﬂ 3—‘.”1‘:”9' 9&< f&‘?}
B A7) A5 5=
(HCI : Human Computer Interaction), 22 A0}, 1 a] A
4o A ‘5_4 S84 a%%} 29l wﬂ% ghubst ‘?i
g

& o oy
—Ixrﬁi
o
(&
ot
o 2 y
<4

3
PO

zt ?5”/1] l
sht Bd A4, 23 Hﬁﬁ o«l = l
ool @ EAE S As] el Rt Jud dwalF

Z_l

Davis2]© A &2 28RS o317 9 3 &g e

of 245 EAst] TAY EA)9 2L HASsGnh
Acki3]= A F Aol M S A3 B3 948 Y3 7e
£ AR 28 2 Utsumi[4] = &3 o|m] A & AL4
g E A7 A S Qs D, HE gL e gt
&b o HHE A FTohe £ ZAFAT FA 0
ERYH 7P A AR g FEH Y Ao = AF
HAd7lee 42 20 3479 S0 A7
2 3t} Chang[5]& & 37 4

o} &9 A7), WA, 3o Bws)
Ho:l ) 1,]. 74])\].7(-1 oz o g_erﬂ. i

PCA(Principle Component Analysis)
HEd gdste 2 Ao FAREe
d FBAIZTE PCAE dloJE 9] A& 74
= AZske a3 gt BA9] &4, 4% 2
a2 3 A4S A3 WA AHEEY gt 53], Q

e A A5 %}[6 81,

)
E)?’ ol
E

2

-“lN flr
N2
i)
> o
o,
RO o

e
o o mY

L
ol
1; 5

:?
o .8
L S
o °a=°.
2§

L
wy I “sz

rlO OIN' j‘_'l,

oy o
o
2 u
oy )
b o
[t to

b

i
ofjr
=
18
28
=
o
o o >
J ok ol

ok

o |o
I

o]
la~}
1o
K
i)
o

2

Lo oy

e,
of

trol BUH $8 dAYA = w ¢
EREAl =TI

oA PCAE ¢ FAG e} FEA PER
ke (Elgen hand gesture) ] W12 & A

w27 23}

N
-
i

o efa

=
o
3

T o ¢ R
-

ols
E3
N 2 i
e ofy

ol
oy &
A

1

4
>

U,
i
=
=3
ob
2
o
>
k1
)
S
o
T
o
4
>
}O{A

2

2o 2 Ao o g
—{or-?i"rz:_o.
“)'OE,JS“:JQ‘
@ g o fo
o g 4L =

i

T
e
£

II. PCAZ 0|88 1% s &F

21924 422 £N5 2E

211 YChCr BH RS o) 3 AR A AS

48 W2 RGB B 9%E
A YChCr AH RS MEs}
Y. RGB AU AN yepoy BB
A% 22 AAHEE B8 de 5 Utk

Y = 0.2989R +0.5866G +0.1145B
Cb=—10.16874R—0.33126G+0.5000B8 (1)
Cr= 0.5000R —0.41869G—0.0816B

AN, yopcy BEELAA i 35 RS
make AfAQ FE RS S Aee

Cr AR 4R o2 EAE,

. if(a<Cr<B,
B, p={ M0 < cpes) ®
0(black) otherwise

A @AM B, p= 224 yoper
A8 Cp, AR RE A0

2181



A FHELFAG S =E X #1137 A10%

% S22 AR RE (4 )P AT
(ﬁJm4ﬂﬂ44§%§Wﬂ“*Nidﬁo

Fahe Ao,

_xl+x2
Re==" 6)

I 12 82500 E o] &3t Ve S HA ALY
o FAUHAE (Ry, Ry) = BT U

o=l 1, | 2|K-|A|.7|-oi %AIJ}E

TMT HY
Fig. 1 Center Coordinates of Rectangular Hand
Gesture Region

587 ARE B 011 G4 A LE DAL A
@t Zor ZE YA A oz yehd 3
o}
2 2 V
A= 2, 2,867 @)

o) ol A Z 3kl th & g7 (Intensity) S 2 7
o] i3 A= 7HFshd, WA FAL RAFNT
ol A H 1 4] (5)} 2o] vl 4 gk

——=xl =y

j_E_I 2 u_|l=l ododol _'_71|7<AI _,_|._‘E_|_
Fig. 2 Gravity Center Coordinates of Skin Region

22PCAY 9% T4 FAUE BF
*MiquwaE %1WNw%qa

ﬂii AR HEE e

AT FYole REE FAZ o|H| A REFHOE

A olgtt 7+ W= NxN °lFIAZ 283 Zo|7}

N0, 92 FAF o)X 9] Ay Ttk o5

HEE Y98 $£A3 ojuxd tfgate FEA BP9

1%&&@@1&%1ﬂ4»*ﬂz%mxdﬂw
T

>i
o,
Y
©,
it
i
it}
re

b

2ol ‘nf A zE ok $AT 0w A 9] FA JE
ol r Ty, Ty B}o]—rﬂ Age] BFL A (63
2t
_1 &
Y= 2 ©

20 oFIAe) $A AL ZRE BT o]
A 3} oo Wl 4 (7) 123 FEA BLL 4 §)

3} Zro] e 4= 9tk
O =T ,—W ™
_ 1 & T_ T )
e~ Fopt-aa ®

v

A7, BE A=[D D,... D JoIth T
2 ceATdu3dE N3Nl NI 2



A A

=

=

RH Ao

-

s

o
A

u

o

1o] 7] o

=

[o]
o ZfEe v E

e =2 =R =Ry Ry |

)

ol gs

<+
Tou
i
nr
%

)
o

|
MHM
£y
No
. W

.

B0 5

W

o

oju

®
(10)

© olth o714 9

=7
m

MxpBEIL [ o

3ol 2] (1) 9 2ol pff

Av ol

11 9

T

L

T

74

E

ojpy

2 3 CfE Mgz Egte] 2x
Fig. 3 Structure of MNN

(1)

M

s

2) 94 59 %)

=1,...

1
AR oA

V@ 4,
Al

1

3 g7

Ui

—_

T
o}J

o

Bl

(12)

(14)

&t 47

2
Rid

e &

B

(14)9} o] &

(12)
] (13)%

A
2

1=

X

=
-3

Mol 7t

s

w yl

Uir('=1)
[w w,

ANA, f= 1, oo
T

pr = Y
W

I

Foll 2.8

& =)
g 2o

SR CERD

1

3
- I

j.
o

7

ol

2183



AR YA RFAE 2 =4 2139 #1085

V. 48 3 oz 2y FAA R FASAFEY 74 BEY AE HAa

et £A5E AEFAAT. AT FAEE A4t

412344 7] 9J3te] AT 474 80+80 S A= M FHet L, 10F
AYE FAE QN2 A5 B e R FUSE PCA dRYFUE SR A AL
19 491 19 59} 2 o] USBCCD 7l b7t 3434 A5 S PCALBP 417 ZS AL 3 A 39 A EL v

P ol FER S AMESAT. o] X2 A M B AT
A ZA 2 B Fste 7= Aot

>'TE
s
N
o
ox
9 fob
Ly
ob
_0,,
_&
-0,
0, R
> lo
) ol
0 SH,

i UL
AL olsﬂ'} W) AN 225 A4 7le
ST £ =R EERY F2E Aol
S5l ¥ 19} o] 1057 £N 52 MRS, o)
fﬂﬂig—wsn 77ke) §4} A5 2 B Hlo|

1. 0ME ER
Table. 1 CIaSS|f|catlon of Hand Gesture

33 4 Xsd o|ls2R
Fig. 4 Intelligent Mobile robot

BA ) FZEE TAE A7) A 105 F FA
Bl 3, 242k} A5 A FAL AT E 10704 &
100742] 34-S B3] glojEjulo] 23} Sk,

gt

Sensor Motion

L 360° 3] #H|
Board Board
" Infrared | | Power | ok o ey
Sensor | | Board | Sog A A %)
g Battery

2 Rl E Aules Agstel TN} 2L

a3 5 A5y ols2Re BRME
e

Fig. 5 Block diagram of intelligent mobile robot “o‘é o2 SAE 320x240 AR ANTHOZ AT,
7% 1 USB 7} 32 AFe3he] A 320240 A A gLe 24 wg d¢& A 37 A peB
4g Ao R Qe pop A yopo, 3R THE YOOy BEOE BRANIL A (D o=5. B
02 WPl HEAL HASeT, AEIDL o] & =80, y=10, 5=1802 '6‘}04 IEAE ded Fold
Sl B3} 405 RS AR, o ARAD M F A



A 2R AolE A v AT AA T

>
ol
)

>
>
>

L"\__'

29 62 At RE gAwe Yo, 95

H

A%, 984 0|28 4 ¢ e,

Phuts P

@ (b) ©

T8 6. (g by
(c) THA o|x 3
Fig. 6 (a) Input image (b) Detection of skin color
{c) Binarization of skin color

AN as

T 73 o] #HE e N A AW
5AE Y
A

2% AR 93 2
o 849 gtol B AR AL 98

3 5
Horaentat Histogram

(@)

a8 7. 3|20 (a)

S AETY,
b T&s|AETH

Fig. 7 Histogram (a) Horizontal histogram
(b) Vertical histogram

EAE

O 8 (a) TE e HE () s S
Fig. 8 (a) Detection of skin region (b) Detection of
hand gesture

I% 8y S| AE1#E
o] £3Hd F4& e 2, 947
HE (Ry, Ry)S 739 FATARAE (¢, Cy)
A AE AE HL HEE
b 28 8%k 2ol FAE A& 3}71 A A
T RETe] etk ol AEE FAS

Gol HatA o

A A 299 A58 F

7}0}71 ﬁ 3o :l%l 9F+ Zol AP ol 52 L 52S
A8zl 913 1055 =45, 2FE FAko] WA 1074
A Z 1007] 2] oju R & Feg 3}, o] o|m A7} AL+
of Yo} EE HA 3 & 80%80 s 2 W sto] d)o]F]

Ho] 23 3Tt

a7 9 2 gy
Fig. 9 Original Images

9102 1055
7} 2] 80*80 FAFE o} u] X 2, T]J:;L)\_}']
3} o|n| A & PCAY 2 0
A A o1 2] 1007 F T o nA] 50702 W L} %] 507H
oju] A= HIAE oW 2] 2 AL ¥ T,

I 11210 7Y 2415 75708 F 5070 £4
oA E9 Hitg YEhe, FAo)w X o] o] uhe}
B o) v A wh T,

2185



S FAHRT A =EA) A13E #1035

ag 10, EHolalx|
Fig. 10 Training Images

© )

O 1. Boolo|X| (a) E70|0ix| 507
{b) =Ho[n]x| 6070 (c) &™olofx] 7074
{d) &™olo|Xx| 807H
Fig. 11 Mean Images (a) Training Images 50
(b) Training Images 60 (c¢) Training Images 70
(d Training Images 80

2186

TEA PE2RY 7R LFEEHE
FAZE JEpdT

% 2= PCA €853 PCA+BP 28|59 45 &
Bl 23}7) $l3ke] £ o|n| Ao g H|2E o]w]A| F

£ Yehi,

e

; =
i

Fig. 12 Eigen Hand Gesture

E 2 8& % HAE o[o|x] #

Table. 2 Leaming Number and Testing Number

100 70 30
100 80 - 20
100 90 10
PCA ¢33 5¢ o] &3t 1f A5} FAgs
Aaste] FE U2 RS 548+ AATHLPCA Y]
gho) 9l a2 918 £ 5 o|mjAje] EHE e} FH 5
A% olnxe) EAWEE Hlids ALERE 48
Hd} ol vl E FAE FF9 4 o)) Abol 9] &
ez A E 7oz 4t
BPY 1 F 9 SFolA 27 QAREE ¥ 4A
3 S8 BA o A o3t ggo] o] FoX X g, o



2o =8 Hagd wA gge AP 5 oA o
g 2dEe il Mg e asex o Ay
Sof g gk w27 A FEg &y &
FH NG, ol diet Ao Meo] 55EL
BN E FoT FEo Bk & =R dGES
09, 3479) 2293 AN =001, A AT 273 A
ALV, W 05905 Ato] o] Ay £AE AFSsHgTh
2L YEF, F05, 28 Y e 39 2
o] k< ol wh) thE A F9i )

E 3 2olofe w3 F
Table. 3 Neuron Numbers of Layers

60 60 80 60
70 70 9% 70
80 80 100 80
9% 9% 110 9
1Y 13e ¥ g age

FA ol Eo] ohE 7} o)
2 Ut o714 e 84 o)

1} ®)
I ENEE st gade 24 9

T :
e Leathing images 50
Learring images 50

Learning images 70
- Learsing images 33
Leaming images 90

a7 13 &8 o
Fig. 13 Leaming Error

Fa4e A5 dig 1A G4 8 e, 3 g
ol Zt 055 5704 F 5008 FHAZ FPCA Y
DB ALAAEL AE 3309 4L D43t

=3 18}0# 720% AN EE
o - PCA ¢8| E%H& A
30 -3 33709 Oﬂ%—% A4 ko] 82.6% A4 E
B

D

o [
LPFE o] 85 E W 34

E 4 ztzte| SA50| s Gk o4 5
Table. 4 Recognition Images about Each Hand
Gesture

60 40 33 82.6 34 85.0
70 30 25 83.3 26 86.7
80 20 16 80.0 17 85.0
90 10 9 90.0 9 90.0
A 150 117 78.0 122 81.3

3 AAH 02 1507 9] F4-S HAES A3} PCA

ALt= 117709) GARE 014
JPCAZ BP &8 &S of
FS olalsto] 81.3% 1A &

& 0] 33%2] Q4 Fo| YA o], PCA % BP ¢317]
5088 ol $5E2 4 Aok

V.4 B
oo Me A5y 2 & 8l ske ¢4
FE AANLOE A 8] 93 PCA Y BP 18 &&
o] &3 A AAEE ARtk FAE A2 PCA
A Eg ol 43 dAe] A BP FRFE o &

3l o] F ehAR FA ek
Aol A A5 o) FRR) FAE ANE 5 A
FAT10FFE AT, 27 O E 1071 9] o] m A &
100742} B 4H& dlo] & A A

WA PCA TS AT B9 & =iolA
ot3t PCA 3 BP 31215 ARS8 399 14 &8 ]
wato] Aokl g Fol A HL.x



PR S A BTATE =4 A134 Al0E

FPoz 5L HAh
Rl FAE A4 716 YA 2R3} o] 3
NN} ) o JALT L BE, U3} 2 2ol
33 99 & Q& 71480l A4 o2 AP
ofof & Aelth.
A nEs

[1] Q. Chen, N.D. Georganas and E. M. Petriu, "Real-time
Vision-based Hand Gesture Recognition Using
Haar-like Features”, Instrumentation and Measurement
Technology Conference Proceedings, 2007 IEEE, pp.
1-6, 2007.

[2] J. Davis and M. Shah “Visual Gesture Recognition”,
IEEE Vision. Image and Signal Processing, Vol. 141,
No. 2, pp. 101-106, 1994.

[3] Y. Aoki, S. Tanahashi and J. Xu, ”Sign language image
processing for intelligent communication by a

IEEE  International
Conference on Acoustics, Speech, and Signal
Processing, Vol. 5, pp. 197-200, 1994.

[4] A. Utsumi, T. Miyasato and F. Kishino, “Multi-camera
hand pose recognition system using skeleton image”,
IEEE International Workshop on Robot and Human
Communication, pp. 219-224, 1995.

[5] C. C. Chang, I Y. Chen and Y. S. Huang, “Hand Pose
Recognition Using Curvature Scale Space”, IEEE

communications  satellite”,

International Conference on Pattern Recognition, Vol.
2, pp. 386-389, 2002.

[6] M. Turk and A. Pentland, “Eigenfaces for Recognition”,
Journal of Cognitive Neuroscience, Vol. 3, pp. 71-86,
1991.

[7] P. N. Belhumeur, J. P. Hespanha and D. J. Kriegman,
“Eigenfaces vs. Fisherfaces: recognition using class
specific linear projection”, IEEE Transactions on
Pattern Analysis and Machine Intelligence, Vol. 19, No.
7, pp. 711-720, 1997.

[8] Yang, Ming-Hsuan, Kernel Eigenfaces vs. Kernel
Fisherfaces : Face Recognition Using Kernel Methods,
Automatic Face and Gesture Recognition, 2002.

2188

Proceedings. Fourth [EEE International Conference, pp.
208-213, 2002.

[9] Rowley, H. and Baluja, S. and Kanade, T., Neural
network-based face detection, IEEE Trans. Pattern
Analysis and Maching Intelligence, Vol. 20, No. 1, pp.
23-38, 1998.

ALY

okefl T (Tae-kyu Yang)

1982d FF et Aab-g s
A}

1984'd H- it o sl

o AR 83} HA}

1989 B¢ thetal i3kl A AH3 o) whA}

1991 ~ 2006 S Ao gt A 243 83} wg

20074 ~ @A SN E A 52X T8 2y

MBAROF: ZRA O, AR

M &5 (Yong-Ho Seo)

1999. KAIST A 4+a}} ghA}
2001. KAIST Az} A Aksta) A A
2007. KAIST A &} 7 2Hek 7} vk}
2007. Intern Researcher, Robotics
Group, Microsoft, US

2008. Consultant, Qualcomm, US
2000. ~ AR B4 L) ST A FE I} AARA
PR ATER, 2R, A5 5




