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ABSTRACT

Background subtraction is mainly used for the real-time extraction and tracking of moving objects from
image sequences. In the outdoor environment, there are many changeable factors such as gradually changing
illumination, swaying trees and suddenly moving objects, which are to be considered for the adaptive
processing. Normally, GMM(Gaussian Mixture Model) is used to subtract the background adaptively
considering the various changes in the scenes, and the adaptive GMMs improving the real-time performance
were worked. This paper, for on-line background subtraction, applied the improved adaptive GMM, which
uses the small constant for learning rate a and is not able to speedily adapt the suddenly movement of
objects. So, this paper proposed and evaluated the dynamic control method of a using the adaptive selection
of the number of component distributions and the global variances of pixel values.

71 =
Background subtraction, Background Model, GMM, recursive parameter update, MAP(Maximum A Posteriori)

ga) 2] 7k F2We] AFHALY Ho
e Hole JMpAY Efmdel T2

8 BHdAMe ZHe FAFHAY FAF} Aegxm gloni2], 4A7 A 58 2 GHA
st T AAe sl ‘5% = ode] 1A 5o g HEH SeA TR Sol

-]

e

Wsht EAa, oo #dgsel A& Fpoay zmg A cH5,6].
B A AAE ANt F 3}3’- T4 B =2dAME NEY H$H AsAS EFR
fAstel H4  7)ge] wiF  el(Background  wlo) gAHE A4S el AL EFEY
Subtraction) 71¥o] FZ ALEET ATHI~4]. o] oA 7FeAQ BEX 45 HLPozw AT F

- 366 -



HZ 22 E

i

A A

s Ao}

487 7HA EFRLNA ) B

de MAE HISAHY 7HeAS EREL7IE H
§8tx, 2718 B dgsE AdEN 2y
2 482 Asgozn wyste 5o s
&= BAAS syl fs HMgte] E4h3
ol&std FEES THOE Aofdte WS A
detn Aee BRI

. 2}2Al0 E5t8Y 7|8to| bz B2
7heAI EREA swke) wARY AHe
e 2nRd (24 AAY HeFH spAl

EHEYUS F2 AT itk
A& A oA + Algtel = & WA gt
2 72} &3, 7 MAY ZFSAQE BEE Z2he

At EF PTT WEGD S 7HAL

Egtwde 4 1) 2ol verd 4+ Uk
0)= 2‘3 ”,,,N(;;;_;,,,,Q,,) with z”) 7, =1 Q)

m=1 m=1

P

o}7]4, ;;:{7"17""”.\/1/-;1’"-11_[.\/=qv'"vcu}c’]u], I_l"m
Q.% m-HA hEAIQE RX ] HaEd FEA
48 9gndta, r, = m-ARL] A} BX
g 7tEA2AM gl ¢g Zer agn 741
F=& 1o ‘—‘4‘“%}: ‘—r“*a}t a4
% E¥olzgta 714 &, TEY E:H"é‘)ﬂ
sl ¢ =61 0\m, [ UMEEE“‘% 7178 et
(++1) NZbe) A2 & WAgh ¢ Vo) ol
7hEAIRE £ gelvlel g o A S 9
3 AqAFez gAgch

r?fi*’)=7}(’)+n( (t)(_'(¢+|))_7’r(¢)) @

NE.

(=]

florz o o2 &

&

B
=5

A}
°©

/(l+l)__ (l)+0(l)( (1+1))(0/7r(;))5m (3)

"(1+1) _UI(L)+O(I)(I(1+1) (u/ﬂm)((g 5 {;25'1,)) (4)

o714, 5, = (‘+1)_jl(l)°]_]_. o S cﬂo]
B g A3str] g8 Algsie 48 9
FEA dirHoz FEy /T2 SAANIHTE
e wgshs B4 golHY F). £+
&k ownership 0¥ TAglo] m-Wis] 7}$AjQH
E3o 2H3}EA AR7E Yegdie o2 m-y
A 7hs-A”t BE"“ )3t Mahalanobis A 2] gt
DG =@G/5,)/0 0 e Adstn 4 ()F 95
™ 10) H3, 28x ¢ow o] Hcl 1R
3e F2 29 3 Alo] e FHL3oh

D2 (") < ko ©)

20 el 2 A I E
1A ¢gtowl HAMZS FFoZ 3}1 ol_,],] H
48 2T AE AHRAL BEE F4UT. 1

g3 A EjrEdo) M7n94 53% e
%%t 23 7127 AY Fe R AIgE B

AASZ N2 H$AG RIS Z7H)

Nl

FAeAe EgEde WA% A3 AF L

2 2% Igstn glo] siARdg FH37] 9
& 7}ANG EXEE n,/o ol dE WHAE
o2 Adstn 4 (6)% Ve ML B 2
EE WA RYE 2480
B=arg mbin( é x> (1~ T])) (6)
m =1

47N, T A7l SeHA wREdd o
g AR St Pagse Hu ¥es oo
Ik A @ O AT ol A2 Yehg
Dagte] W) £a7) AsME A (7) B2
za o] ABstelol Bk o Fol, T,=010]
o a=oo0ie]® shitel Mol vzl B2 s
At 105 Zag 5 2AH] glofof ek

7;)/log(1—a) )

i)

F=log(1—

m. ®Morel s 2| 7Y
FneQ 2o 79 PR JYe e
ze Fag BAYE 2AA, ol U@ A7
o2 oY 7H A7 Assk AAHATH3S]

A%, 97 Boel we, EE Aus] oo
g [AEE AeAG THRAS THSHE 7}
A 229 $7b 27 ted, ABHOE 4
o A% M-=3-5% A8Fozd A8 338 7}
ZA2e,

=4, 27304 AAE sheielge 34 Ee

Fe2d JMe AEFLEN AT BEe
2718 A 2 9T LA AT 2713

279 A8Et THRAY IRATH 450 I
3k9 0|zt

AR, g F4¢ HEHR A
Ao e A e AL HEEA Lo
geol st ande 8§73 Wsh Baske
Aol ¢ FE7t ko] Egudel AR
@7A 2@ AZe a7k

£ wge oM AND 2AH dsl 247
o #ae ANstn FFFo2A ALY A

A ASAY EFRE slwre] wjARE e
Aty
31 JI2AI9 BE ol HBH =M

B =re 3 WA AP AF }7] o8 7}
ARG EFRAAN FSAIG XX FE steln]

7—1"210; z3
e FuEd (719 71%E Mg

&3 7MFA w,v m-HA 7FAIQE BEA &
st Holee vl &S Yeple ALz dhie
AL dolE7t m-iA A ExdM U
g5z 188 4 Ut ol MAY = 7 o

X (multinormial distribution)E A ogd 4 202

- 367 -



FAYA RIS 2006 FATHGEd AW A2

< quigtt Oy X9 T AHIEEEY
Dirichlet At &L E(P=1T,_m)E Lz

2 Fg5e 29 A9 J]FE(e.g. MML)A A9 3
gE g EA4E HNEA HHY 72 =
ol thg HF P (bias)E UEII2E o] F 7t
dited EF 7HEAE FAEAY FAA T
XY 8 HEH2E 2HY + Uk

w3 24 #AAM Dirichlet AlHBFET ]

A% oo $49 « 2T A3IAed, ot 2
= me) EAe dal F2H 377 e A
T} E-EH}\ me QA= AL uidle Aoz
FAPl 7t H8 L me F4F S
27} o] AA bk £ A o9 o
3 Az E—‘?—E 128l MAP(Maximum A
Posterlon) FAANE #3494 @)% 2

7= e )

o7]M, K= E_I go’ ) t—M o)tk 2l (8)

& oA aws}ra_ 2 ()% 2o,
ey et
= o

4718, De=tSdle s AEA n9
ML(Maximum leehhood) FA )08, ALAEE
BXol 9% HE A=w ot Fo o3 wgEt
ot B FES) & 5 T A& or=c¢/T g2
2 nF3a TAF UL HL39 4 @S
AAHA F2Ho2 uppd 4 (10)% 2o

,_\

()
. . 1| o . 1 ¢
775:»)=7r$:| ”+'t— I_A’k','—ﬂfn l))__ T (10)

M#} ¢zt 9 FHe HGolBR 1-Myp=18 T
Z5n, e=t/t2 dFFoEH A (I)F 2
3 AEA e A $40] Hejd.

1:-(')=1?L‘,_”+u(of,';’—7}f,‘,_”)—oc-r 1)
o= £ 7tEAel gtol %-’?—
b 98 dgehe AL wEE 90 glE A
o] = 7%71?25}14 Ef& ol ¥ 7MEA ¥4
o)o]o} dc}= S RAsT}

e - )\]01- @_‘-{}'E.féi X g + gl
NZe HAgd e M2 7HAS 22
S g% b5, AARER IS WYY E
3 7HEA BAE i Fa3dtA ge A
VXE ddste AAFGeEZN JEeAL FEY
% H3Ho2 4T & Yok

71%} ntejofe{o] A

28 21 3184 A2 g 7ige S
X %73 2@ =ZA FIFL A o

2713 2309 AT E ALY EERY
o] AT st £E T Aol 4TS v
th B =8e dodeg zrigslr] Hoe

gojg A4 HAANH A (129 (1392 H85
Ak HE FAHA BARE AYD o5
THEAIYG BES 27131 o] AR F gt
';gt+1)=::gt)+a;§o with;;o:;(t+1)_;l()t) (12)
AUV = 20 16375, -2 1) (13)

0
E =82 44 79 A A §3E F0)7]
Ak 4149 2ol %A T A1 A4k
o] Nz®—zt-Veo] g 23t meds o]
& B4 FA%E AMgskdTh
med
00_0.20468\/5 (14)
33 st5E9 S Ao

71E9] 7h-AIY EdRde uEiviE B4l 3
oA AL ke gEES HE3e, o
ERRD g S5t BojRe ARNE 2o
ohogmEel 27 ek dsAYG wasde
@ Ml wdsel U3l wab) dois
Foll AP AA 2 el ALHE Ao
sy, ol Az BHad Aol "7}%}
o ooplet AA A7 22 g @A XiaMl
ge u]z]l:}-_

A BE S ALY =FH 7S S
sl A%, AW Wt o £PEd s A
42 4 Ath &, FAE HLF 7heAt &
Frde 2 A9 w3ld da =g
7H-AQE BEE AAST JFAIL EXE AAE
53 A4 Wiyl HEHUASE vEhiied, of
A% Setol AW wsel $ES melsted G
22 5A AJFozM AL EFEU
HHE WA FEY £ Aok B =2e v
Ee] AAH B A 3 W JEE %
g0z YEst B49 2Vge aelstel 4
15)%h 2ol ARHLZ HEFS ANGE F4

3 Hgath
EOIEATE
cxp(— ( ;K) )) (15)

47N, SE NMEE JHEAS 2E7 349
AIFE, o8 A AdddAM HEEE x7] sy
& 9uigtn, v FIo g B 24F A
As7l A7 B2 4 )M Hed A T
Hub. g8 AAHY B3 o] HRe o
3 2t

step 1: 79 2 ol 95| gloy 3

£8 202 FA8E, AZE AT $2

4499 Sege 54 AoE ARa.

step 2. 4 (15)& AH83t H3ES FAH2

2 Z7H07 shetely A Jgach

step 3. 7F$-A1e RE A A7 2 s=AE 2

ApE3, SheF AAZ} WD AEEE 2715

o B5 Ao} FYg FAR

HE AT oY oZL

ot =a, a(~5'+l+l) =a(s+/)+

- 368 -



MRS AT AN ASH APAL THRANNY FY & E Ao

v. 4557t

B =22 Aoad wARe Jkle 45E ¥
7437 e Egede As £x9 Yy T
A Mg A FRED (219 (7904 AA-
7143 vinsle] E4etqdct. 4P Pentium-IV
24GHz CPU, 512RAM-E 7} IBM &g PCol A
320 * 240 =7]9) AL A4S AHEEHTh

Eedo) A3 £=§ undr] 98 29
13} o] apako] APV vehAM Aol zHge]
glojxz Aol <tAslE wizixle =y =
FnEA [7]9 71 Was e

E 1. E@EPe 435 &5 Hlw

EEDEL BRI 2
A<td MR 7Y 186
F2EY (719 7 27

E 194 AAE Azsh o] AXE 1Mol
Egeds ¢4 sEE 7129 syng 44
WHES 2 4 gew, oE H&E F4 AoE
B4 4% S0k 37HReE onln,

ZH ¢ #35

z3 9 #220
FnEE (719 7Y

=g

AlgkE 71

291 EHEY HHH S um AY 5

A 7MY Y Be] UE g FAL
Yes MANE YU 719AL BE Sz ou)
wruche &71% 21 A% § oE 8T
¢ nesd BF Teld Ae AR MY
o vl dYe) AR A% G4 We WA
she $29 AAE 2E (I, A9 =
W z2ds 2o $HYe 2E U IHID)
deln e AN FHgw III)olch
Zzte] A%l U BE ey MY A 8l
2@ At B 29 2o

X 2. 97 ZHY Mgl Al vim

AR 91 g2 443
A ey 11.3 ms 12.8 ms 14.5 ms
FrEA[2] 18.2 ms 18.7 ms 19.1 ms
FDEJ[7] | 135 ms 14.8 ms 17.7 ms

F 2004 AAE Hapol N At 7]Ye] A
zHd AY Aol A € F dsdH ole
HAMg HgHog AL BX 5 24
wok ol gE AolE T I S= FUt
o me BYeg ddFe] A7) Aotk

V. 48

i

E =7 JEY AY ERELD 7y
AR 7IX e EAAE Asly, olF WE
317] 98 FAL BE 59 AH 2, 27
geivle] A4 2 gFE 58 Ao 7HE 38
3 FAE H3FH At EgRd e Agsn
A%& BEanh A% Yotg B9 1€ 7y
Bk g Sx7F whaa AA M) Azke] we}

S ¢ F AT B =FdAMs Y v
s 71 en, FEde 5HY FH el
3] AL 71HE AFY A oloh

EoEs
[1] N. Friedman and S. Russell, ‘"Image
segmentation in  video sequences: A
probabilistic  approach," In Proceedings

Thirteenth Conf. on Uncertainty in Artificial
Intelligence, 1997.

[2] C. Stauffer and W. Crimson, "Adaptive
background mixture models for real-time
tracking," in Proceedings CVPR, Vol. 2,
pp.246-252, 1999.

[3] T. Horparasert, D. Harwood and L. A.

Davis, "A statistical approach for real-time

robust background subtraction and shadow

detection," In Proceedings ICCV’99: Frame

Rate Workshop, pp. 1-19, 1999.

A. Elgammal, D. Harwood and L. S. Davis,

"Non-parametric  background model for

background subtraction," In Proceedings 6-th

ECCV, 2000.

[5] P. KaewtraKulPong and R. Bowden, "An

[4

—

improved adaptive background mixture
model real-time tracking with shadow
detection,"” 2nd European Workshop an

Advanced Video Based Surveillance System,
AVBS01, 2001.
[6] E. Hayman and J. Eklundh,
Background  Subtraction for a
Observer," In Proceedings ICCV, 2003.
Z. Zivkovic, "Improved Adaptive Gaussian
Mixture Model for Background Subtraction,"
In Proceedings ICPR, 2004.

"Statistical
Mobile

7

—

- 369 -



	HOJBAV_2005_y2005m10a-0367.tif
	HOJBAV_2005_y2005m10a-0368.tif
	HOJBAV_2005_y2005m10a-0369.tif
	HOJBAV_2005_y2005m10a-0370.tif

