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Multiple Camera-based Person Correspondence using
Color Distribution and Context Information of Human Body
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Abstract: In this paper, we proposed a method which corresponds people under the structured spaces with multiple cameras. The
correspondence takes an important role for using multiple camera system. For solving this correspondence, the proposed method
consists of three main steps. Firstly, moving objects are detected by background subtraction using a multiple background model. The
temporal difference is simultaneously used to reduce a noise in the temporal change. When more than two people are detected, those
detected regions are divided into each label to represent an individual person. Secondly, the detected region is segmented as features
for cotrespondence by a criterion with the color distribution and context information of human body. The segmented region is
represented as a set of blobs. Each blob is described as Gaussian probability distribution, i.e., a person model is generated from the
blobs as a Gaussian Mixture Model (GMM). Finally, a GMM of each person from a camera is matched with the model of other
people from different cameras by maximum likelihood. From those results, we identify a same person in different view. The
experiment was performed according to three scenarios and verified the performance in qualitative and quantitative results.

Keywords: multiple camera system, correspondence, background subtraction, GMM (Gaussian Mixture Model)

L M8

o PR3 T el BFE7E ANE B E
55 ARE @83l SeAom 33 FHe 4E
oldfisty AAT WS & F U T AFee] i
T7F sl Ay Aok 2RERE, A5 T &
E 34 59 vkt o2 A AQ“ 3] Asdhe 2E,
theksk AME, 18l AFE T8 FAHTHI4). o]} 3
< A2ELE FhE] HEiAe 72 A Ee] AEAE, AlA
70 AREY, AFEHAN-25870) dEHT T oheke
71EE0] 2 7EH124]. I oA ANES] HrAel &

S2<1 B A(vision) AN E 83 o)FA) AFE 2 RS B
HE B4 F3e Adske olE] 9% daese AFH
H|H ZopellA EhdabA A ek HPd AAM 2 CCD,
CMOS 59 Fegu7t G481l H55 ¢ ARl
ik F5HE G4 Uex AAte R Wi AR BE
EAlef 4l °J 2 AXE Rl 4HS AEEFgoEN AL
ol AA Felgor 3= BHES Ay So 1k
g A FEA B & ¢ e el qlnh vl
714k A "ol AAE M E Alokfield of view)S] AFHE:
P @49 Jhetite o e YEHA
2 d4% v 7etE AR8shE Aol a&F el ol g
bt ANagle 8837 AsiME FhlE 3% (camera

9 9 mo Mo

?4%

¢

* 2 )2 A(Corresponding Author)

T 2009.4.30, T% 2009.6.2., ANEHEA: 2009.7.3.

AL, AT 274 AT A7 AR B A A sk

(hwchae@lslab ulsan.ac. kr/SJkang@lslab ulsan.ac. kr/th2009@1513b ulsan.ac.kr)

25 BB L(F)(seodonguk@gmail.com)

¥ B s 294 T3 BKR21, NARC, A AN, a5
£7, BHAR7IEAe] Aosial Qe A9 T1EE B
A7NEANFA] FRUR 28 ARG Aol Ao e}
ATEA =

calibration), T A7l o)-S{(correspondence), 71}t
57 8Ksynchronization) & ol2] #AlE5] o] Fasirh
B =R E tE et AlzslelA o Al olg
S E2HF 07 otk

2hH of

tE FHlEre] US-EAE i) e B dF
A5=zRE ok Pl Sol Aotd s glvk wA 71EEA

—_

_|>~l

7lgke] Wl o 2 TR (homography)E  ©)-&3te] 7
NZENA HAER d9e] FFHEY w% (mtersectlon) %Q
ZA AR AA FUs A S I A

A} 776ke] ¥ © Z Morioka et al. m% ﬁﬂ]% }Z:E:L%‘
oaHE Y A M 2dlglobal color model) T =4 A
12 (local color model7+e] FrE# ¢t A (Buclidean distance)
o} gL Hggoz e 3= WS Alotska Urk
%3 Porikli [81 THE Aol BFEEA GE F 3L
H7) 7k H3 S (brightness transfer fimction)& ©]-8-3ke] wA
s WS AlskaL gtk ofg RAKSHA] Javed et al. [9]2
Fielke] Aloprt M2 AXA] ¢z F FXHnon-overlapping
view)oll A9 dl-8-& 18 B715t WE <ok 3 FhEizt
o AR 9 ABAHE FESA o) H HEES A

whz o 2 Fhdle} WA, Rde] A4, B FhelEite] ¢
5 5o AL AR FRdE TS divh aseE

7ke] o] Hag A9 FUHE BE JhHzt] ey
< Tsﬁﬁﬂ‘# 3= @Rl ok webA
o] Qe 4% ok tre] FAlole
Q‘E@.’i”q 7]'°] 2 & AT
HE &8st F7HHQ

4%, 3%

e

T
da
é
_>L
2
2
o.*a
ey
rlo
o
»
o,
rlr
>,
o
o,
N



940

Mo - 22 - AIARSS =X M 15 2, M 9 & 2009. 9

01 27T 0@
image m I ¥
$Sequence E;:;:t
Weltiple - | MBM . :
¥ | Background
Bl Sehraction
BS‘V
Detaction of E
Varled Reglons

Detection of Varied Reglons J

Identification of 3 Same Person

I 1. N=" AL

Fig. 1. Overview of system.

H AR A 238 9 A9 G(blob)B, LIl 7 Al A
ARE AGGET] tge A gAZ TR dAEd
#H}39 7H9LE‘C a4 13 #ot Zt geEEY Y fdgsEE
FBFES 18o] gy image)2 2 WME3 Tof) thFalA
(multiple background model)¥} AlZHtemporal difference) 4
At v 2y JEEE G4 A EREY
<} *Hbackground subtraction)y& B34 Al 2AAL
o} 3 ARY ARE E835te] teuiiEe]
A A R i3 F2s B T o
Algho] HAEE A9 o] 2 (labeling) S 083514
.2 APllME A" E3E Wl ol EA
Fa EAeh AHR S dohe 7HdE ssich
8 AR ARAE AR QA7 A E A
ARE 7 e 87|50 w2l 4 & color segmentation)s}
i AYYE AT 4 AYY9e TR g2E B
(Gaussian probability distribution)= L]—E]-‘é gom A99
o] Aoz TAHE ¢ BY A2 JRAY £ 19
(Gaussian mixture model)9] F74-8- %5]] shte] nElz AAdw
ok Zb A A AR TReAIRE B Bl ;]q}.or_v_:_z,-_;g
(maximum likelihood estimation) > 2% T4+ Ex)9] oS
Rlgit). AFE 98 B e AsHE Agsislen, A
HE2 ME O 25 43 U BT a3k
o] TS o 2t 1 AellME HHﬁoF—‘ﬂe]-J B,
tAAt, 2L HolBHE 083 o)A HE 4
ARtk I gelMe AEd 99 —‘i—@-‘&}o:] a
TA%s AR ARt v =
< S8 AEE A9 o HAge i)
lal v FellME AAE e
Bk vpAg o2 VI Aol
ulL‘:T;].

O

ol
i)

\

o

=
2 e oY o
e ok

+
X

=

fr 4 ox B oo
O
e

S VNG

¢

jus)
=1

z oil

O
oL
o

1

™
o
2 lo
] Lu

p

< of w18
)
o

u
mlo il

o > of Mr

p

IL HiZ2Y 4N X olSH &

Hols AR PEL I8 AF FAWS ol guch )
Aatare AR WD o FA THY PHYA)
Aelgte el imshold vaus} vlatsiel B71gte) Wshr)
2 shapixe) EE FUE Tl AP AFUG B
A7l AUFIA 13E Ak o]§3t7] o

[6,10]. HEulEnde AH
term)oll 4] 7} Bj20) BVIE 2t o8] Jlel &
Hew RS 7EAE e AR A
ohs Weltt tere] MiEE % AR B Qe
AR ES AT 5 AR AAS] dAARD BRI AL
gdoz <3 Walshort term)E EHE F gl A7 &
AFTH10]. ©o]F B3] HAsiA g arAste] dajol Af
el ARE A ARERATE F o) Gl 2% ol
olFAVE AE E 7S A3 HolERE o8 AAlE
=

o4 é:rL 7J'(long

&
W g

1. CIEHE 22 ot ARt atel 4
918 =] RGB (Red, Green, Blue) 33+2] J4-2 Teo] 3
Agom wREh tEuRRs] AYHEE sh se)
Initialization Input image
C{p)=I{p}.M(p)=1 I{p). 1=123 N

T

{p}-¢ (p)| < S

’

Yes

i No
Add new cluster

Cu(p)=14p). M {p)=1

Update’E cluster
M, {py=M (p)+1
. (p)z(au%(ﬁ;z)xqcp)) ‘;

Until no more pattern
remained

M(p)

XM (p) e
"MN@

Yes
Generating multiple
background model

Bz(p)=ci(1’)

Remove cluster

EERR-E FEL BT
Fig. 2. Process of generating multiple background model.



Journal of Institute of Control, Robotics and Systems Vol. 15, No. 9, September 2009 941

N frames

a9 3. 9% 4
Fig. 3. Image sequence.

2241 - 3Konline clustering) ¥4, 715X gho] Z& 4
(cluster)e] AAAA, T2j5 g Rde] Mgty A
WAE FAE a2 29 At

dY dES ¥ 37 2on G wEe =
YeR ¢ vk 471A ¢ = YEEHE 98 FolA wAA
e A AR MAAl G oe sl A5

(index)°1, pin = Bl Tk AR DI B gl 4
oA Sl Wgteleh

N Gl 7t Hase Phe Wae, FHES 3
), 12 AR ke FpE T L) 2
sh2 A o) @B 2718t Best cp)o) 27Ike

QR A WA G B oleska, #3e) Was
AR Se] 4 77 12 B 5 Lokl 205 0
& % W) GE AsEch g o Zeele) 8

Siael Wizt wE PPBe BRge MLsige o 3

a7t He P 1% Tl EEHMGum Rt 2> Ffolle
TLE FHeE Aduo|Eth FEGRT F A= A
2 %ﬁ_i TR ¥ =T Gmy=202F 4
S 2= Mgl gl disiA 9ok 2e A4S whEs)
o N(P)7H-4 THES deth

TREAIZE AL 2JEY AAE A Hgolt 7}
%x](W)—L‘ AE 2 e %i §} o] Syt AA
Hz 3 479 Bl(atio) Ard 71ER)7 2

oyt 2 3 E}' DV]“ o5 FEZL ol
o FEAS P FAES 9 BRI 8
Tt MBMyS 71EX9) Z7] A UIE np)ie WA E

SN

AlRpGEE A (1) o] dA BT ©1W B
RS A deth olv FReR FaEE 718 o
o fsfir AA = % =M pp=152 2351

D, =2 1.(P) =1 (P)|> 7 )

0, otherwise

2. HiZ At 3 O AfRte] B8
VAGPEZRE AH ARDES o8 AN
AL Ho]BR S BHA EAIE HET o)8A FEY A

image RGE
ooy o Ak
Conversion of color space (RGB - Gray)

Gray i l

Multiple background Ternporal difference
model (MBAM)y) (TDy)

Currentimage {1}

Background subtraction

Binary

Labeling

Yas
Segmentation process < Occ{um

Pixel location Ne

information
Detection of i s abinnd

0 RGE cofor Information
(0..0)

a3 4 249 HAZe| TH,
Fig. 4. Process of motion detection.

Bs, - {255, 1y ()~ MBM,(p)|2 75 @
0, otherwise

AN YAILE np7Hel AR MBI AL
FHUL o= WIGe] BEL AT BEgoln 49
89l ARGl 19, WAADLO R Bl Aol A3
G D0 SNARE o 8H wol2E AATL Fe
A2 k] e B0 2 HENARAS ukaic)

1 oPdel BA) AETE A3E 6 dolius

ol &
/\]—Q—tﬂ-E} 74 7}1:113}01]*1 711*@” golEe & Hlas}

2

= vt_'-dﬂrxq(segmentatlon process)= 3 EX]% e
a9 59 292 BAVL AAE A9 dF BojErh gt

dlgt 2014 AEE 49 19 59 1, 389 7 1, ¢4

B} 2k 17H9] Eﬂo]gé 7 A Eoh ]9]' = o‘r“'ﬂ*

E«l g THEE f&r/}. 9 3% é—é—% 3 e %ﬂl
(0],-",01)—%% &%t

Camera | (C1) Camera?2 (C2)

Camera4 (C4)

Detected regions

L ./f'::",
ST

N ] .
e o e

i
i e

I 5. =4 A3 o

Fig. 5. Example of object occlusion.



942

L A 28 ¥ Agoo| MM

IgellXe 429 999 425 7+ 249 48 &
FHs At BE 2ES AT 42998 BAE]
Hei WA AEE 999 RGB A4 FIHE HSI (Hue,
Saturation, Intensity)2 HE3ITE AV A= AR
AIRBE o] g3l E&|TS AT o7 AR
T A o] wekel HSI9) AAFEkhue)T ¥ Zhintensity) S
ol &3 REATIES ol8ste AEd AFAL 2 T
£ 9L A2 olEH (color labeling) S F+71H 02 S84}
of 2¢ 9 2995 WIS TPl Ao $PL 3

zZAYelA AEE 7 BAE A £ Fo) 2952
T4E 2998%S 7RItk o714 7% 2998 A Ade
Al

e

1 O — =

FE FNAME Al e 2ol Wl n 5HE
gdel 81k & Aol Relth RGB A4 IS o)%
g Qe Z

o Al 2 WskE ol Mako]b} ZH-—%l(samra

tion)2] B3l= AthEoz AL Wit S 714 He=a
adHo|t), awez A B3 3o 43 oA HEY
259 RGB A4 FHS 2] (3)& o83 HSIZ WHEs}e]
A3t
[ ifB<G
“1360-9 ifB>G
Szl_min(I;,G,B)
| 3
1:§(R+G+B)
where

(2R-G-B)

gzmcos{z J(R-G) <(R-B)(G-B)

A7 AEghs)el 09 Afells AdkEe gE 5
slom AEE YWigkpel 0ol ohd Zg-olwt gejgrt
dbA o2 HSI A4 F3elA Adgke] HelE 0°-36000]m
A=k B71REE 0-19] MAE AT B Aol A A
gke] WS BT 0-2559] M2 ATaste] AMgEAT)
2. M 2t 3l AgeMM

Aol BEE s QAT 7HE A, HSI 33t
Ao Akt A7 EATE THE AR E o
g3t 22 71EE & 13 2ol s,

AEE 999 wolg VIFoR A9 g, &, v §
°of TAF = AAE TR APz nashe
AFre] A Eole) 1443 A%elle B3 vt £A45Y)
el dE sETte] age® Aefsta Azt &%
shz d=9 wFAo] 7 = g W3kt megiee) g
ZIE WS ol8siith 23 vl 99w 9% i) s}
7Re Adgke] W1k QA AR wet g7 st
AT BV Aol BEE S gl Aoy HAA
e Amgrel 2 F-2o i3 xde ndg A8 ¥

.—&

Mo - 22 - MAEStE ==X M 15 &, M 9 & 2009. 9

14 EES AR VIR

Table 1. Criterion for color segmentation.

Group Context information (from top) Color range
i < ity <
?"“r 1/4 of height < Location < Top of height | ~1niensity <50
A;:e 0<Hue<40
hm(‘l’r 3/4 of height < Location < 1/4 of height or
240 <Hue <255
Leg Bottom of height < Location < 1/4 of height

height

height

e ] -
Bael () A QA9 elol we 2

a9 6.
71E, () & 18] 71eel o3 A" 2ge] A,
© A HolERE A&t APE 2999 2t

Fig. 6.Process of color segmentation: (a) the criterion for
segmentation from a height of detected person, (b) the result
of generated blobs by table 1, (c) the result of generated blobs
by color labeling.

AHEERSIT

B 19 7|€LE 8 F &2 990 disixe de
o] EH S o]&3le] U shheke] Ak Afolg wlwFth
A shaofel WAk Alol7} 2001319 A-felE T4 1
Fo® AAgsta Wt o714 A HelERe 1Y
EA9 FEE A3 HelERF ARl 3x39] whaA
(mask)E AZH A Aol el 27Uscan)3tBA T4 T4
g 7EoE A3} 99 ol SAES IFIshe
AL T} 9o 7 HHE B9 28 Jd92 19 6
S d

Z?é 6(c)-4 = “V\J TX}(1~6)*': 34 5\-"3@|°

3
- Alxd 590 Szl 199 ARre shisl sedelaie
o2 TR 2999 P A )7 o) AjEnh

0,= {01,17""01,1;} (3)

01714 O & A2l FgolA 1 WA HolEE 7HA= A

olml, b= shte] BAL E 2 2GSl THES A% A

Foltk. 7t £9QES] AYRSL 4 @t Lol BEH ¥
A THAE RIS #E £ E 7T

P(Oz.b) = Ab ‘exp[_ (CI’/ V;UC)Z] (4)

20,



Journal of Institute of Control, Robotics and Systems Vol. 15, No. 9, September 2009 943

Bt onmr, €2 @) ooty <3

Py

(a) Hue (b} Saturation
T% 7. 349 /A B 2l o
Fig. 7. Example of estimated Gaussian mixture model.

0:17]}‘1 p(OLb)—‘E %i‘” ] 0] ]- ]}C—__ & Q

TEE YeRIE dron, 4= 7 49de] ANFFE ol gt
otk ust of= 2t 23 AYZEEe] A :H}J)r SR
°IF @ e At 7 299

EXERREH 4 (52 9 /LA 23 melg =3

=X shte] ez Ao

be] 719419 BHg

2
N
X
rtr
%
2
=
oo J&?L
[o

M-

P(cl@)): p(c|a)],6j)p(a)/_) )

1

A7 plelo,0, )= 299 j o 7HPAIH FERT O, o=

.
i

SRGES AR A el o YD 299E
O 4% En 51 o WSl Aol g - Ry

A 294l it TAWH Hiolth 0 = {0, 6,3
A ZE9) "A9] Z4E(unknown
parameters)®| o]}, 19} 7‘°] P AGFGEY At
= 2aE 24T ¢ Jduii2] 299BES BT 7R
QF &3t Bl 49 Oﬂ a9 73 2k sl A6l o)
A 2 T@e AL 1h)E A gig A &
o 29s vERTh 9l9) agelld Az} Age) ste
A5 v AR E419) the-S $8) S40= Al

1. S A2l ol

VAL e Aol B58 % el ol
UEE U] AT g el Ol A 3 3
I AR A B RaEe] Auews) F4¢

TTo=
A FLTE AFAh B N9 BAE HSI A T

fo, 1N ol o o}n

T ANl i Al A} 7RI EFR S SRt A Af

BAEL Z2be] 71EAE A3 A (63 go] FEY
o SIS Adgkeltt Amgrell Wsl el Wslel] A
=

S8 NgkFo] 7] wiEel 7o p& YE T ol u]
3H Z}‘“ %}\—a TME]'

M(k) = asz(H +asp1( s) + alpl(l (©)

714 Me FHlE kol HdEE 24 19 EXgkolth p=
Zk A dEo] 7R-AQE B BEloln g,=04, 004, a=02=
Ak AEgE e Wik 7ol v A&l A
AEE BAEDY 5ARY vEe FYS IIsp] 9
gk 710l "tk

FielElREe] Aol M2 hRA] = A9 tlee

s @ F2helA BRIV AED A FaNAM AlgA7] o)

102l ik BAe SAa & Ae) o
MW Mz AAZF VRS W A SR o
o FUZ EA) ofd Aol R Ho|ES FoIs)a,
YT EAY Aol o)A Ao e olEs

e,

rIm
olo o4

0

4r M

V. d8 ¥ Edn

Aok HhHeol Az 98 AF #ke TAIEITE A
S 8 wAE o] FhlEhCl-csy7r AR 97 3
S [6] MAEEA] ek FhlENC-AL C-A2)7F M;qg_ C
= NSy e 2B 857 2ol TAAT 57 St EUE
S B3 ME AZ=EY Ak AAE 7o) Tl 59
71%9) cepAtelete ARaiSith A G 7 Fhdlel
A] 15fps(frames per second)d] =2 BE5E = 130082 AR
sl

a9 golA iy Thed o el A agle] e EA
B () 5YLF FHEelA o)d Zast @R Tyt

<, (2) Aot HAIE 37 Hoverlapping view)oll A Tt A&
e} g, (3) AlebE HAIA gk F-ZHnon-overlapping view)
oA g Az B89 VIR vro] Az 4 ok
[79]. ©18 9181 2 89 T3+ Wil A 7bEEE 3714 <]
$EE E 29} o] Atk
2. Al AT} o

% 8 4B A% A28 AL
Fig. 8. System configuration for experiment.

E 2 WSS AT A AA

Table 2. Setting cases for correspondence.
A7E W FHSwlM SLF Fhllzke] o) =

Casel | I3t @A) ZeAloAle] 21 ool Algte] 2312
o] g
AT FHSNM FYEF ZeldelA o 7)
RSl

A7 N FHSAIA FHolTL e 2% A
Case3 | T @ Aol 9743 A4E EEFINS)OZE 0
52wl o

Case2




944

Camera 2 (C2) Camera4 (C4) CameraAl (C-Al)

Camera | (C1)

a7 9. A AEe] A
Fig. 9. Results of motion detection.

Hellx WA deoldd EA7F WY AP# H‘*i FAEh
AEd EASS Ug @A g B
At Zh FheEtel A 1A|¢] 735@-‘4—\: s,a,,(01£5)oﬂf\1—t—
AL 2%OIRACH S,,(C-Al, C-AQ)ME B 91%o] Ak
LA AT 2Re W3R s dR-Erte] FEHA
Bx 1~7u A3

E 2044 H*%
AT ‘“*‘«1 2xE le}“t} kil 1 Case 12 Y
g gt A = YF} old ZH A3k
ojt}, Algo] X&How Aol Q7| Wi HEHE ¥
o] I EAZE 7= e X vl Al Dt A
Het o] g T At e t8-ZAo) AW Case 2
e Case 33 FARBIHE TelEE2 EE9] 7RgAle E8
2dl B¥o] W AFE Case 29 Case 39 A-91 B
Case 25 74 WollX Aokl HA= sheeizte] di-gol
a9 103 o) S0l AXE FhEk c13 C27te] EX|59)
JHRAIRE 5 BY A9E v usigloh I 10()E N=318

Cameral (C1),N

(a) Image of detectederson

@ et ‘e o
PEs

= E
s s

(b) Object 1 (blue rectangular)

Py Er——

R

o8 0§

E3 =2 &3 E3 = F3 3 i3 3 =

{c) Object 2 (red rectangular)

29 10. Case 294 71-Alek 8 rdlo] vjal
Fig. 10. Comparison of Gaussian mixture model in Case 2.

Mo - 22 - AIAHSS =2X M 15 &, W 9 & 2009. ¢
Ha 7 G AE F dolEE EAEY Aol
)¢k (O FLF AR B4 13 24 29] A=gkl] o3l
ZAE 71eAlel 23 nde] ARE BojEtl B 12 7|
ko] 9Xof wat AA7F FHCDOA FFHo R 454 £
AX AEC)EAA BA7F 7HAI e HA] el W
B¥ A= 3 9 8-S & JTHIE 100).

U502 Case 3 FhollEizhe] Aol M2 HAA| S
A7A e Jheke) Bx ke shlEizke] digolth 1
2 112 5,9 2 cast §,9 M c-A27ke] dlg-9l
g nojFEt} 5,0 5" A 19 W E¥E 5,0
R=sl gxil 19] ¥-E7} Case 298] A9-Hrhe Ael7t 7
S B F itk ol T FhY 29l 9 WrAlE
“3?‘%} vt %ﬂ 2¢}e] l WE FEA EE H
7} a0t e BAE YT EAE ddsh] wiEe o3
o] 7}&3l3ith

¥ 32 19 1094 BoJA Case 28] Aapolth S04 2
FHHC1~C5)S] HEAF} oAl o] Fhelzke ol Be
2 2o e ZARE RIS theES 120082 A3
QoA AER B4 S 500 Zg el oisixTE g1
sHth T 49 x4E 29 11904 BoF Case 30 th3k o
Aot} §,,9] FHIE} C1, €49} S, 9] C-Al, C-A29] Y] 28l

v}
ml’.f.

B %
e of deteot
Object 2 (C4) Object1 (C-A2)

prry-y

(b) Comparison of GMM (saturation)

T 11 Case 3014 7R-A19F E3F 29| v|a
Fig. 11. Comparison of Gaussian mixture mode} in Case 3.

E 3.74%F 47 9 Case29149] 3 23
Table 3. Result of motion detection and correspondence in Case 2.
Detection [CH ]

Correspondence

cl’, 2

90.25 % (1083 / 1200)

96.20 % (481 / 500)

c2',C3

93.42 % (1121/1200)

93.80 % (469 / 500)

Cc3',ca

94.92 % (1139/1200)

94.80 % (474 / 500)

c4',C5

87.25 % (1047 / 1200)

97.40 % (487 / 500)

C5',Cl

96.08 % (1153 /1200)

92.20 % (461 /500)

Total

92.38 % (5543 / 6000)

94.88 % (2372 /2500)

T 4 Case3olAe o-& 43
Table 4. Result of correspondence in Case 3.

Correspondence
86.20 % (431/ 500)
84.60 % (423 / 500)
C4,C-Al 89.40 % (447 / 500)
C4,C-A2 86.40 % (432 / 500)

Total 86.65 % (1733 /2000)

C1,C-Al
C1,C-A2




Journal of Institute of Control, Robotics and Systems Vol. 15, No. 9, September 2009 945

tsiA 2zt FhlElel A AEEHAl AEE 50089 GAFe o]
|3te] 3 AAE FUFATE Case 28] Do) H|3F @e
86.65%<] Ue-ES Bk

ar 2=
© T
o] YR APl B4%0e] TAY Te)

W3] Fhele) Al WAL BT o P
A= WHE A

L
@ Aol £2 A3 YA s HHe] e 22 AT
Sz 795k & urk Qe 3ol Hg Fsaieg o
=zl

o2

[1] K. Murakami, T. Hasegawa, R. Kurazume, and Y. Kimuro, “A
structured environment with sensor networks for intelligent
robots,” IEEE Conference on Sensors, pp. 705-708, Oct. 2008.

[2] H. Hashimoto, “Intelligent space: a commentary on research
trends,” International Symposium on Industrial Electronics, vol.
1, pp. 11-16, Jul. 2002.

[3] R T.Collins, A. Lipton, T. Kanade, H. Fujiyoshi, D. Duggens, Y.
Tsin, D. Tolliver, N. Enomoto, O. Hasegawa, P. Burt, and L.
Wixson, “A system for video surveillance and monitoring,”
Carnegie Mellon University, Pittsburgh, PA, Technical Report,
CMU-RI-TR-00-12, May 2000.

[4] T S. Jin, J. M. Lee, and H. Hashimoto, “Position control of
mobile robot for human-following in intelligent space with
distributed sensors,” International Journal of Control, vol. 4, no.
2, pp. 204-216, Apr. 2006.

[5] W. Hu, M. Hu, X. Zhou, T. Tan, J. Lou, and S. Maybank,
“Principal axis-based correspondence between multiple cameras
for people tracking,” JEEE Transactions on Pattern Analysis and
Machine Intelligence, vol. 28, no. 4, pp. 663-671, Apr. 2006.

6] 5%, APS, 24¢, Algde] 49 #4944 93 o
< Fhiizl Z1gke] AW 9] o] glgr Ao - A3} -
A =BFsl =22, Al4B A5, pp. 592-599, Aug. 2008.

[7] K. Morioka, X. Mao, and H. Hashimoto, “Global color model
based object matching in the multi-camera environment,”
Proceedings of the 2006 IEEE/RST International Conference on
Intelligent Robots and Systems, pp. 2644-2649, Oct. 2006.

[8] F. M. Porikli, “Inter-camera color calibration by correlation
model function,” International Conference on Image Processing,
pp. 133-136, Sep. 2003.

[9]1 O. Javed, K. Shafique, Z. Rasheed, and M. Shah, “Modeling
inter-camera space-time and appearance relationships for
tracking across non-overlapping views” Computer Vision and
Image Understanding, vol. 109, pp. 146-162, 2008.

{10] T. H. Kim and K. H. Jo, “Robust background acquisition from
dynamic scene caused by a moving camera” International
Journal of Information Acquisition, vol. 4, no. 3, pp. 227-236,
Sept. 2007.

[11] H. U. Chag, S. J. Kang, and K. H. Jo, “Identification of a human
using accorded blobs on the varied region from image sequence
by multiple cameras,” International Conference on Control,
Automation and Systems 2008, pp. 1887-1891, Oct. 2008.

[12] A. P. Dempster, N. M. Laird, and D. B. Rubin, “Maximum
likelihood from incomplete data via the EM algorithm,” Jowrnal
of the Royal Statistical Society. Series B, vol. 39, no. 1, pp. 1-38,
19717.

et 7 A BA 2~ E
A(FEAD. 20073~ A Eo)
ARG BA| 2R E S AALa
Aok AHFEHIA, F

AHHAHCD, A TBER.

ofi

SFAIAD, 20083~ A REAe, TAE
ofz olFRE, HAFEUH, ATAx
S,

T

2005 AR A7) AP RAIA
gFehy £3shib. 20083~ A &
g3he) A7 AR RA| 2B T A

A Asks. BAEoks AFENA,

1989\ Fakdhstal Ad7|Ag e &
4. 1993, 1997'd Osaka Univ. tH3H
AAA A7 AF AT @ IAAL 9 vt
AB. 1997:3~1998'3 ETRI A|28)-g8hed
T4 Post-Doc. A7-9. 19983~&A] &
e A7 ARG BA| RS L

2005 7220063 79 Kyushu Univ. 24 w4 2 KIST

szt A7AH A 27U BARR: 72 AFH
B AHCD, BRI, AFEE W ) A2l



