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A Design of Mobile Robot based on Camera and Sound Source
Localization for Intelligent Surveillance System
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Abstract

The necessity of intelligent surveillance system is gradually considered seriously from the space where the security is
important. In this paper, we embodied unmanned intelligent system by developing embedded mobile robot based on
images and sounds tracking. For objects tracking, we used block-matching algorithm and for sound source tracking,
we calculated time differences and magnitude dissimilarities of sound. And we demonstrated the superiority of intruder
tracking algorithm through the embodiment of Pan-Tilt camera and sound source tracking module using system,
Network camera and mobile robot using system and mobile robot using system. By linking security system, the
suggested system can provide some interfacing functions for the security service of the public facilities as well as
that of home.

Key Words : A58 74, 29 &4, Zuld 23X Motion Vector, ITD(Interaural Time Difference), Pan-Tilt Camera
.M B A AHAA e E 5 9% €8 5 fle Wtk
FhelEth AA A B2 ArodM = R 9 471 A8l
ol wre] Wk ol ale] W4o| 7}E] ol uwhel ) FARAEA AT A AlLFE AE ol s2RS o8t
HBo] 259 7FA] A|2HS e o] &5t AR Zolth, Ht Wd FH] AAgj o A o) FH] BRE
N BUEYS & F e e KT Ak g s O18ehE sles Basa glen wheel-type o= 21
gt2 o] gste] S AAsla ASes AL GF IS FAol BE e, Al AE Folw wAe] A

7] =) ool ol el 1A Fhvlge}t PT(Pan-Til) — A1=H= 7H4aL SIHH3]

Aot zgetel MEALE FAE Yol AT sl AFRlE e JhdekE fAstel slelel
TH1]. o] WHe &5 GAS A7) 9= bAoA ut A28 = A RUEF 2HoHoR ojuA & HE ¢
AAE7] 913 BE gele] Eitel hEE Ao H= tH3). HE3L ol smio]l #ag vl § 2] =7 914
o] 9lth ole] A FhuEtel PTZ(Pan-Tilt-Zoom) 7} 2 Fotel Abs FAALEE JH AlStEE 2R v
Hels zdete], AR A9 7AetT, PTZI} [4]. o] 25-& Feo|dE ARGAE H5FE L PDAE ©l&
mEe olgste] &AL Ao RN JAS FEa sted QIHUE B3 BUEE & 5 e Vs = 7 8l
Hl o] AokE 9 T2l o] Wl mwak Flulelzh A H A ok th ole’k A AEI[3-5] G AEE el = <
dlo] =R HAFsHA L, FAow HAFse nES o83
7] el e AEE A= FE Wl AR

MeoURt - 2000d 68 1 e mas o % e o
otz ol A} 1 2000 78 250! S daw sy, b Zhviehd v ol 2ol g

» A XX}

O]l =22 2008d = MEA| 7[=0|% X ALY IhA 2f
AH| KXol ofFF ALk d5tH] X Rof HAL=ER
H ek

532



RSE 2l Az 7
23 2 F b Geje] ol A% A Azge 7

&t 3ok AA, 3 719 PT(Pan-Tilt) 7FMglE o] &3}o]
wide—area® ZAIE7] 8 Hylow Y& olgstuxl
gk, PToHHER & 75 o] 83 A 9ol Al $IAg 35
Qg dsiAT AAE T A7l wiEell hvEke]
Pan-Tilt 7]%5& °]&3ste] &2 del st AME sto] £
F IS g5gof vk B =52 FiEel Alxd
< $Jste] FHHERE ol &3l AAshE WAl 954 Al
AE o] & stttk S| W M EE o]Fste HY
A2 AAZ 3 ool AR uel hEE olFsle] H<)
2ke] A Jds AshE Alags FEh 24, o2
HES A Fidleht MESAE o] &3te thE A Al=E
3} AFo] 7hEd AEH | AE ZHE XY A Al aHS
TdAstuAt stk Y EY A W EtE Embedded Linux 7]
1] Mobile Robotell gAlgte] 791 253 7HA] Al~5lS
T GYHEE o] &3t YA olF AR wet
23o] FH3l 7AA G 22 £ 944 2UEY
ANzeoz AAZE Afshe A2gS Fdstuxt o

B o=Ee A A 23S Gy SAS ol &d IY
2 A Gz Fo] disiA A, Al 332 Pan-Tilt
Fhgtel &9 F2 BES o83 ATy A AlzEo|
A Al 4o A= Network 742 ghAg 2uld &
B8 o] 83 A5y Al Alzdel gisl] vssteh A 5%
ol ME Aokt Al~¥le] Ay Ax 1e]a Al 67l A
A 2 g3 Ao diaf =3l

2

ol Mo o
rr

=

I

ul
=

6] 24 E wlola =
At MEd~FEE AR
st WH7] ol Aok TEu AR T Aol sk
A 7¥zFo](IID, Interaural Intensity difference)@} A)7]x}o]
(ITD, Interaural Time Difference)oll 93 A2lo] wWaks

A4t Aow el YTHRIOL ¥ =ES ofo] Hdl
afo] DS} ITDE ol §3te] 9] B A4ach

N

Mol M HH FE

=
-

7

ZY A AFole] Motion Vector® AE3e
A7F ot AAS FA43E FHdl w2t
(PRA)Z & A Lag|#BMA)SE Y
2 3l ARE AYS F457] wiol
RO WA ALk H-3)

A AR R B
o B

3] whiol Alxkgol @i X

Q

fo 1 0f
QL
[Da: e

My
rlet
e

EE(

-

X
)

oy
B
M
rlet
N TR

=
S~
[o

X,
©

il

o 8 1
;o

J
d

0 E oo
s
)

ox
o tlo &

ke

TR X oR mY B oo L (U o
oo I o 2

"

N
o

fleh Jatn 8 FH 7ok C|E ZHIAER e
weEbA] g2 e] Ala"da s B g Es AMSS
th B =wdAe dA ZHds 443 478 EFoR
U A7 7)50] B Z 8 (reference frame) ol A
7 BEle] Ae FASe WAoE Al E5uA
s EFE AHEgh

S Fe Aoz ko] (SAD : Sum of Absolute
Difference)[8]& o]&3to] F+ E59] FAIEE 718k 3
olth. & #Al elwA A Z#ld Lol FHx(x,y)el

Mx N Z17]8] B2o] gtk ARRE o] BB} a5l
olmA] t—1¥A Z#d [, oA A% (z+u,y+v)ol 9
A B3] Ao gk 2ol 2 A (1) o] Ao}

M-1N-1

SAD,, V) = D D T (XeH, Y+ ) = 1y (XU, Y+ ) | (1)
i~0 j=0

A e A1 (u,v) 9] #

. SAD(zﬁy)(u,v)QJ A7k

v(u,v) & JERE 2 ()¢}

A(1)lA SAD
o BT Lo
A

pARSS

T

o

B
=
(e}

-

[o

] o]
=1

VvV (G,v)=ag r(1u1|v§1 SAD,, ,, (u,v)
oAlA g E=3 SADgko] 7 2He
I $1A WHEkE 24 WER Q1A
£5 oA 23
Current Frame(t)o]l FA)3}k
Previous Frame(t—1)¢] o]
E S HAME 3t o] AR
SADgzke] 7Hg 22 fXE
Motion Vector® FZ 3t}

1<

=

Previous Frame(t-1)
i'_“‘—‘ Reference Block
Motion Vector — |
m
n -~
T~ Reference Black
Current Frame(t)
a8 1. 250 499 F4 P

Fig. 1. Block matching motion estimation process

Sy g FodA Y F4 Hol
Search, Full Search, Spiral Search, Three Step Search”}
Atk B =RoAE 54 55 FH BE ¥ distd
SADE AxF s= WHel Full SearchdS o]&-5)4]
Motion VectorE FZ3tt}. Full Searchs AH&3hd 713+
Ags 2 ufx 74k Motion VectorS &opd 4 th
gy 9599 3717 ARSFE Full Search¥H L T
W TS Mew at il A oled wHe
Bestr] 93] A 91l tisiA Y SADE Altste W
WMEo] Qe et tholoHz = A A(Diamond Search)®

e

WHo= Cross

533



ol
Hl
Ral
or
>
>
o
3'.
™
i

=X 2009, Vol. 19, No. 4

e e g 49 F4 Puel s geid ok

o] 914 sop2 3] AP Wew 1
A7) % °]

g 2 7] Zpel(IID) <}
(ITD)Z o]&3t}

2 =EA FEI 59 F4 ZEL S99 HEE 9
A& HEsHE Aol olyg o] HAS Zo| wake 3
obla, gl WS A Aolth = 9] Wk
< FHEte] shzbo] "oux] gheE WA AR &
Pan Tilt 7l =Zepd 238 o535l AAE 43}
T a2® AR Zlo] BHoltt

“
KIJ1ZH0I(IID)
N ,’X

Al2FZ0I(ITD)
= 2. &89 AZEAe]ITD) < Al71&Fel(TID)
Fig. 2. ITD and IID of sound

S AME a2y 33 o] 4709] whelA(MI~M4) =
TAE] dHoR 3= 7FE FITE ZAUTE S99 90X
FA9 AS Tty S8, 1" 33 3ol A7 wlo]=e] W
ol Akl 1| 49} 3Lo] mlelaLe] o Alwo] Al
718 g oz s HmwrE FA e

.

w2 Al
(AN
IS
VLA

- i), @‘ .
A3 Ad
J2 3 4709] wholaE o] &8 SUA A4

Fig. 3. Sound source estimation using four microphones

1%l 4} o] Zhzhe] whe]=of
ute} lem (1), ) JHFeoz au
7ol e 9 # X, YE &
Al~AdT =9 A 99 AE A 33 7E‘°l 2—3@%‘ # 91
o}, vlarle] 8 X, Yol ga] ten 2o oz AS
ARG

Eo]& A3 E urskA])
7} U}-o]ﬂ A _g_/] /H

l

X=20,Y>20 -5 A, X<0,Y=>20 - A2

X<0,Y<0 > A3 X=20,Y<0 - /M ©)

534

MIC4 MIC3 —
MIC2 MICT —

3% 4 90 A4 99 AES A W]
4, Comparator for detecting the source area

e Qe WS Fohirl e vimslelA W
e (X, Y)ol Bl olgeled A 4% ol gafo] wrab
gel sl ¢ 0% o,

0_{ arctan(Y / X), if X >0,

4
180° +arctan(Y / X), if X <0, W

2 s, J}o Ao 2 At = wfol
= wrol £ 3|7 Peak #t #H& 3=, vl
325 AH CPUY ADC(Analog to Digital Converter)<]
3 O o2 WAt 9o Waks 4435 A Hrt &
o] AIZE Aol = mlo] AE FI o2 2B E TEta v}
o|m R ZRZ A A 9] External InterruptE o|-&3sle] =43t}

riz o
> 1
0

=
a2
=
=

<
Cp

12 g

U o o,

_Lz

3. Pan-Tilt Zid2le} S/ FH =S

ol &ch AlAH

PC 3 —é’r% HM B & W] 913l ZigBee ®Eo] F2 o]
gon &4 1E1~PC§ A4538l7] 918) RS232¢F USBE
A2 do] 13 W)= FTDIAMY FT2325 A1 83l
AEZ#HZE ATMELAFS] ATMegal?28S AH&-3F31Th

—ReA— MO ——

/ Video Capture Board

4 485>
Camera o ’ -

—USB—
485 to USB 21 H Ef &
o .RF_ - ‘

Zigbee 2=

SHEAE DEE SRR

Fig. 5. Intruder surveillance system

FhilEle] 3732 Composited oz EHE 7] wliLd
PCollA o8 A2 AMS3E 4271 gl whehx] PCE 27|
918 USB €4l Video Capture BoardE AF&-31%om,
Pan-TiltAlo1 & 913k PC2te] EHo]~E 9]e|RS4855F
A& USBE WH3sl= ABE S o] &3k



Ed|
[m=]

ZEA

(==}

A

or
o2

| Al

?_

g4 98 FA=RE= 1/37, 419 4 CCD ZAY
Pan-Tilt 2=%2] 41 DSP JivEE /\}%3}"35} Pan
312°, Tilt 80°¢|H, Pan-TiltAlol= 485521 02 #o] g},
ZIREZELS ¥ 13 7Zo] Synchronization 1byte, Command
2byte, Data 2byte, Checksum®. 2 4% 3+ PELCO
A DR Alojgit) FielEte] Y 28 FE Alse}

A ABAE G Qe BG AEE AEs AR A5 w

d HkEnl A 5ol 8 Ae]= Composite?l 32 &8 HTh
% 1. PELCO-D Z=&Z,
Table 1. PELCO-D Protocol.

Byte 1| Byte 2| Byte 3| Byte 4| Byte 5| Byte 6| Byte 7

Sync Addr | CMD1| CVMD2| Data 1| Data 2| CRC
3.2 EAX =X A|AHe FM

QA F4 Azdel s9 FHe a9 63 ol Y
9, 79, HAE9d, 229 dE o xd REd
Pan-Tilt AZE 474, &9 vojElEa TE HA A~
92 AA Wk Ja, et ols #HEe Al&" TE

AxE EASE

A A @A FAE ] gt}
FhilEt 42 AAREeR Fhrete] %li;ﬂé; HELO} EA 3
Folth 7E9/dEPan-Tilt 7Hilet7h &4 <
NER8E BA 5 o

A% dshe

_\|U_‘
=
_g
1 O
E
_*,1
=

T3 E5 v 244 —Zrzé
2 Yehidh FT232e Eg4e
IR MSY=S- oA 7H Al
Oﬂ Pan-Tilt Z}ulEkAlo] Alg]d
MM (ATMegal28)ele] £l
nHe| 9t} w7t 29l
£ X d3) Messagedh= 7]-“1]@#

o] =8} Higq z],EE

J_Ei o]/klo] E]

(

2
=
i

Lg;ﬁfﬁmo
Sb offt to b o

Hﬁﬁzw
_‘

o}
s}
o}
H_ﬂl
o]
u
o =
=
73]1
o]

22 6 AW F4 Az s
Fig. 6. Display of surveillance system
4. Network 7t 2ot zHled 22 & ol &&t
Al AlAH
41 AMAd”lel 7N
B gl s A5y A Axgle] FAe 17

Ay

mjo

e Yo 2 FH J|H UHC|E RHIAR R T
73} o] TAHe] vk thE VA mek gl

Q)
=

o] @ wutel 2R Feo] Bajols] Wie] WE
ATl A% f¥A dow TAsel vk =y}

Network Cameras IP3-7](IP sharing dev1ce)9]r A4

=

o] 1o Private(AHd) IPFA4E stgditol ALEFH T
Router/ ! Router/
Gateway Gateway
IP Sharing
Device 802.11b/g

P 1 10/1 OOM LAN
2 9
g8 o 802.11b/g
= = 10/100M LAN
o N
3 8
Sound
Detect Network & &
Camera
RS232
Mobile Robot Local Monitoring Remote Monitoring
a8 7. Ay A Al
Fig. 7. Intelligent surveillance system
42 YR £H Alage 7Y
AR 24 Azxde] mUEY sRe 23 87 2ol
2RAA AFe S tHaEd o], 240l olFA Felw

< F9s}7] %’4?& 23 MM gEs JER T

Network Confige ZEI} 7idle] HEs17] 98 1P,

Port 44< glaiolth =g BUEY Alxde]y 23

S FE5o® AEE 3 4 g+ Robot Control Hw7F

t}. System Display g Al B2 gt Aot

BES 22
A%

/kgkli]tq o1€:]oﬂ)\1- D% % 10E1[ BﬂEﬁ Egﬂy] og/b]—%
e HE Lé}oﬁﬂ %ﬂ]%#‘ﬁ‘r AE 2
I, B4 WAA, 249 WE 9% 52 Message boxell
Edo] Hrh

Metwark Config

192.168.1.202  Port:| 3001
192.168.1.41  Port:| aoon

CameralP

Robet 1P

Robot Contral

Co = el |8
P e o I 1 R 2 B
= | s e
a8 BYHF Al=E
Fig. 8. Surveillance monitering system
5. Ay 3 Zxf
5.1 Pan-Tilt ZtH|2let S& =8 ZE AF
Azgle] A% e ol glatel Aelsl wrael] we
9 99 P8 A GBS o] AN FAs
A9e ek &9 94 sete] e G gqe

535



==&l 2009, Vol. 19, No. 4

X7 el o
& g sheieksl Aelsh el A%
HE A$E AU el St
1 u:H_,_oﬂ 7~le }\]/\E-ﬂv/] 1\3‘7—)—_

3 At} 2k

%)
NS
=2
o
o
m\m
Y
=
o
x
go
N

A o) B Fate] AA7}
9] w13} mpol 3el
el Faw TAE S8
Fe BFggolt SAREo
e A HAE EQ)
o 2o o] 54 Ak

x:h—‘ e ]
‘ / PP —

u

X
of
ot
tlo
=)
)

po 2
2%
oy @ X
_E

of 24151
e Aol e,

bt
to

B
rir

o

2, o
4
n
N
o
=

)
[
SN

O
;Dﬁrloi'

Detected ITD(sound ITD(sound
value wave start) peak)

agl 9. 29
Fig. 9. Experiment of sound source tracking

274 A% Az

5.2 Network 7t 2iet ZHlYd =2 & AFH
AsE A '\1*“1—4 As HAEE 98 999 AYA
}%ﬂ sto] 9 = 09 109 22 AR o]lsd F
F ZHo] BUHH AlxH IS AFsta, EUEF
oA HAYPAl olF FJRE AFst ZHo| HAAE

she gl sl 44 sk,

l

Z:
)
s

=
T

a8 10. FYA ols A=
Fig. 10. Mobile course of intruder

R L e
Fig. 11. Intruder tracking of robot

a8 118 YA 18 103 2ol D~BDARE o]%F
3 AS wue 2xo] 2= FHS JER R gtk 1
A 119) omA = o] FAF: oA 9} wiko] WIE

536

g AR R AEshe o|n AR MR e iAo
wA] olt}h, 2Rl gAE UEHZ FhHtel A F53F o]
Al RUHY A2=foR HdEErh RUHE A2
AME AAZEe R ~EFT B S o] &3] d&d F
@gs Ee] 2AY ofMAR MAF F 5 oA A
QdE deth A FAE o s WHE F RE 2X
(morphology) 71H<1 32 (erosion), uﬁ’f}(dllatlon) ALtk
Xdﬂﬂ 34 (pre-processing) & A F&S AAT F 2

F 12(Fsh 3 2L AE oA E }\g}ﬁfs]—l:]- 22 )z
J—E]*E% O]JQLOPO% > HEE 0}7] HEH/‘%_ A5

4 (

]
=

’:H
fo rt [0 Ho d0 2 i

o
ERl ot
o
_0|£
~N

o
B
e
Eo&n

>
bl T
>
T_?:
ol
o
iﬁ‘%
L (o3
B o
=5
-iym-
H oo
ol N
O, o,
fo of,
M oo
&I o
=
> H
o
T

DR

B
4

i

D)
uies
Ea
i)
N
)
i
o
ne
-z
i
tlo
ST
o
—
o
ox
LY

7 Inpuk ¢ Detect © Weckor = Al 0 Tr%mg

a8 12, AYA F4 olnlx]
Fig. 12. Tracking image of intruder

o
i
{1

Ntz
i
i
2
X
s

2
2
i)
oo
o,
to
)
op
ot
e
o
N

4=
oo
N o 2
32

i

2,

FO‘I

[o
A‘i-hl"nz-‘&lﬂ
o 8 N kg

+
RS
>,

N

@

[o

RN
=
2
i |
i o
o
o

=

_WL
o
fol
A;
&
32
£
-
Q
5
=
NI
= ot

&5 90°/sec ©17
Toﬂ ZX* A*xﬂﬂ HH}E ’:Ei w4 5 7hEt
R LL}EWV] Fake A7 2 Stk ool
Zoom 7S XF3stA  Pan-TiltHE7F wE  PTZ
(Pan-Tilt-Zoom)7}w|2tE o]-&-ake] &5 TAQ Al =H)
TR0 o]FojAof & Holt},

EA, Network 7hrllghel Buld 23RS o] &3k A4l
Network Camera$t &9 7 RES g3 2uld 23
S o] &3 X5y A Al 7 E 48 A3S ST
HAAT} ol 5ol we} ZHo] EUEFY Al2glo] J4ds
’\Eﬂmﬁ}i BEUHY A2gle JAS ol 8ste] |49l
HE S FE5a o] FARE Felsiglen, 2R HUY
g A|=glo2HE ke J(3 o]HE o]&dte] o]sEo
2 AA F1E 73 Ak Z2Eo] AE G ZE 9



ox WU

nE >~ o2 o rlo

Lo R b
2L R o
©

o

>t
@ i
101
>
2 ol
_OL_

(1]

(2]

[3]

(4]

[5]

[6]

(7]
(8]
[91

[10]

[11]

Y i
o

I

jine

A

olr

5 ZEA| A|AE

= e |

)
% it
-0,
ol

2
4
4y e
of
X
o,

71&ol o] WA F
o] HgQslr}

5 :r”?iﬁi 27HA A"l
t}. Pan-Tilt 7}H2tel S
ol MESA 7HE
o4 Motion Vectors F&3}4]
o el AYPAE FH¢rt 2+ F
& BYstal A= dso] 7hest Al
Tl A Al2gloZ AFEAdS o

3o =
rorle
é%

2

2 i
et
L [
o

A%
4 F
2 27

o o
>
[>

(

i MY o
oft m rSt

rob

=)

O.u., _E,

Oi

o,
fru
il

Q2 x
ﬂﬁm
ofr X,
ofl UZ’L

o

~
39,
o
L
e

S

Ho
r

C.Micheloni, G.L. Foresti, L. Snidaro, "A network
of co-operative cameras for visual surveillance,”
IEEE Proc. of Visual Image Signal Processing.
vol. 152, no.2, 2005.

AW. Senior, A. Hampapur, M Lu "Acquiring
Multi-Scale Images by Pan-Tilt-Zoom Control
and Automatic Multi-Camera Calibration,” Proc.
of Seventh IEEE Workshop on Applications of
Computer Vision, vol. 1, pp. 433-438, 2005.
Y.Shimosasa, J.Kanemoto, K.Hakamada, H.Horii,
T. Ariki, Y. Sugawara, F. Kojio, A. Kimura, and
S. Yuta,” Some results of the test operation of a
security service system with autonomous guard
robot,” Proc. 26th Annu. Conf. IEEE industrial
Electronics Society, vol, 2000, pp.405-409

R. C. Luo, S. H. Shen, K.L. Su, and T.C. Chang,
"Remote mobile security system using personal
digital assistant(PDA) for Security robot,” Proc
IEEE/ASME Int. Conf Advanced Manufacturing
Technologies Education 21st Century, 2002.

JN.K. Liu, Meng Wang, Bo Feng, "iBotGuard:An
Internet-B\ased Intelligent Robot Security System
Using Invariant Face Recognition Against in-—
truder,” Proc IEEE, vol. 25, pp. 97-105, 2005.
o)A A, eHlF “RTP My~ ZES A AAY
S9FATIE) gisheyers®], A57%, pp. 85-97
2006.

OSSR AR, BAA LA A &
A FA L Ao W S S 10-2003- 0010086
A, 7\:1-5*?, AR5 FA, Henjrjo] gl
Z A2, Aboldlu]t] o]

Kyoung-Jin Park, Hae-Gang Lee, In Hun Jang,
Kwee Bo Sim, "Object Position Tracking
Algorithm of Intelligent Robot wusing Sound
Source and Absolute Orientation,” J. of KFIS,
Vol. 17, No. 2, pp. 208-213, 2007.

Yong-Sheng Chen, Yi-Ping Hung, Chiou-Shann
Fuh, "Fast Block Matching Algorithm Based on
the Winner-Update Strategy,” IEEE transactions
on image transactions on image processing, Vol.
10, no. 8, August 2001.

Paul L. Rosin, "Thresholding for Change Detection,”
Brunel University, technical report ISTR, 1997.

7k ldc| = 2Hid 25 Jfgt

[12] J. L. Barron, etall, "Systems and Experiment:
Performance of Optical Flow Techniques,” Int’l J.
of Computer Vision, vol. 12, pp. 43-77, 1994.

[13] Y. Q. Shi and X. Xia, "A Thresholding
Multiresolution Block Matching Algorithm,” IEEE
Trans. on circuit and sustem for video technology,
vol. 7, no. 2, April 1997.

PN |

gh ™ 8 (Jung-Hyun Park)

20034 = v A o gt A2 eta F

2003 ~20061 : () HL AFYE
A

orjstal A7) B

EL/\]_

=k

2008~ @A) : 5
A1

Intelligent mobile robot, Humanoid robot,
Embeded system, Artificial Brain.s

TAEof

2 & & (Hyung-Bok Kim)

20000 : =0} )| 3} z’sljr_ ARA 7| T T ek}
20093 ~ €A - & h:H B T/H?}:}—% Az

Intelligent Robot, Sound and Image Processing.

Aol

23 4 (Jung-Suk Oh)
2009\ : Fotstnl AR 7| EeHE FSkA
A

) F
2000 ~ @A : Feheta vhorsl A

. Intelligent Robot, Embedded System, Image
Processing.

A 7 2 (Kwee-Bo Sim)

19904 : The University of Tokyo

AR g8k Fshubal

A T
ARA 7] 5-e 5 a

[A119¢ 335 (20099 6¥%) 3Hx]

1991 ~

Homepage URL : http://alife.cau.ac kr

537



