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A Technique of Moving Object Detection and Tracking
in Real Environments
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Abstract

In recent years, video surveillance cameras installed in streets are increasing, for the purpose of
traffic census, crime-prevention and so on. To utilize the video data obtained from these cameras
effectively, automatic video image analysis technology is strongly desired. Detection and tracking of
moving objects from video images is one of the most fundamental processes for the video analysis
systems. However, generally used methods such as background subtraction, cannot apply to the
application used in real environment for lack of robustness against the disturbance such as change of
lighting condition. In this study, we developed a method for estimating the background model from
the input image sequence including disturbance. Moreover, we implemented a system for moving
object detection and tracking with the proposed background estimation method. To confirm the
effectiveness of the system, results of the experiments in the real environment are illustrated.

KEY-WORDS :

. ooon

oo, oboboooooooooooooooooboo
gooooooooooo, boocoooooooooog
gobooooooooooooboobooooooooobooboOong
oooo

oooooogoooo
gobooooooooooooobooooooboooooo

video image analysis, background subtraction, robust statistics, LMedS estimation

ooooooooooooooooooooooob, d
gooooooooooooooboooo, ooooooo
goooooooooooooobooooo, oooobooag
goooooooooobooooooooooboooooo,
gooooooooooooo, oooooooooog,
gooooooooooboooooooooooooooo,
goooooooooooooboobooooooooobooboon
gooooo, coooooooboooooooooboobooo
goooooooooooooboooooo, oobooboobooo



00000000000 Ne3os

gboooboooooooboobooooboo, bbooooo
gboobooooooobooooo

b, dboboobobooobboobooooobooooboo
gbooboooooooboobooo, booobobooboooo
gboobooooooboobooobooboooobbooboooo
goboooboooooobo, boooboboooboboobooo
goo, booooooboobooooboooboboooboooo
gooo-0opoobooOobobo0oooOoboOoboboooooo
gboobooooooobooooboooob, obooo
goboooboooooboobo, bobobooobobooboooo
gobooobooooobo, booobobooobobooboooo
gooooooooooooooooooooo@oo,
gopoooo-og, se0oooobooOooooooo)o
gbooboooooboobooobooboobobooobooo
oo, jboooooboobooooboooboboobooon
gbooooo

goooooobooooboobooooooog, oo
goo, boooooobooobooooboooobobo, booo
gboobooooooboobooooboooobobogo, ooo
gbooboooooboobooobooboobobooobooo
0, 00b0o0oobo0ooboobooooboobobooobooon
gobooobooooo, boboooobooobboobooo
gboobooooooooboooo, booboboobooo
goboobooooooobooooobo, bbobooo
gbooboooooooboooooboooboboobooon
gooogo

gooooooob, booboboobooobooooooboo
gbooboooooooboooo, booboboobooo
gboobooooooobooooo

oo, oooo, oooooooooooooooooa
goooooooooooooobo, oooooooboobood
goooooooodoo, oboboooooooooboobood
ooo, ooooooooooobooooooooooOon
goooooooooooo, oocooooooooboood
ooooo, ooooooooooooooooooog,
gooooooooooooooboooooooooboo, d
goobooooooooooooooooooon

. ooon

oooooooood, ooooooooooooboo
oooo, ooocooooooboobooooooooboobooo
ooooo, oogooooooooooooooOoooo

oooooo, oooooooooboooooooon,
obo:ogooobooooooboOoooobooooooog
gooooooooooooooboo, ooooooboobooo
goooooooooooooooooooooooboog,

gboooboooooooo

oo, boobobooobboobooobooobooooboo
gooooooggg, oooooooooobooooOoobooo
gobooboooooooboobooooboooobob oo, oo
gobooboooooooboo, bobobobooooboboobooo
gboobooooooo, oooboboooobooboobooo
gbooboooooooboooob, obboooboooo
gobooob, ooooooboooobooobboobooo
gbo, boooobooobooooobooboooo

oooooooo, b0¢toboobO0o@Em)ooooo
oo0oo0o0oooooOooooodbo»=100000000
gboobooooooobooooboobooOobobooobooon
goboooboooo, boboooobooobboobooo
gboobooooooob, ooboboooboboobooo
gboobooooooboooboooobobob, obooo
gboooboooooobooobo, bobooooboboobooo
gobooo, oobooooboooboobooobboobooo
goboooooooooooboo, obooobobooo, o
gboobooobooo

gooobo, obooooboobooobooobooooboo
0, o00bo0oooooboobooooobogo, bobooo
goboobooooooobooooboo, boboobooo
gboobooboooo

U. 0obgboooboobobgobooboobonbo

ooooooooooOoooooooboooooooon,
goooooooooooooobooooooooboooo
goooooooog, oopbooooooooooboooo
gooooooood, oobobooooooooooboobood
goooooobooo, oboboooooooooboobood
oooooo, oooooooooooooooooog,
ooooooooooooao

ooooooooooooo, oooooooooobooo
ogooooooooooooooboooo, ooooood

4t—

AN
B3

@ -]

ERER BEME

ey
GES

K1 BREFIHEELEOTO—

— 10—



gboooboooooooobooooboo, bboobooo
gboooboooooooboobo, boboooobobooboooo
gobooboooooooboobooooobooooboobooo, oo
gbooboooooooboobooo, booobobooboooo
gobooobooo, oobooboooobooobobooboooo
gb, Dbobooooobooooooobo

000000o0o0oooDoooo0, M-00 --, LMedS
00 ‘000000, 000D0000LMedSOOODOOO
gboooo

3.1 LMedSOO
Least Median of Squares(LMedS)J OO, OO OO
(LMS)O O

LMS =minX ] ()
goooo, LMedsOO
LMedS =min mede® (@)

gooooooobo, obboboboboooboobobooo o
o0, med00O0OODOODOO0DOOODOODODOODOODDODO
gooo, boboobobobobouoobooboboooo
goOO0oOo0O0o0D0O0O0O000O0DObreakdown pointd O 0O O
gooo0o0oo00, LMedsO OO breakdown pointd 0.50 0O
gobooobooboooboooboooo

LMedSO DO, OO0OOD@OODODOODOODOOODOO
gooooo, boobobobobooobooobo, ooo
goooooobooobobo, oboobooboboooo
gooobooobobooobbooob -ocobbooooboo
oo

o0o0o0o0o0ooooooOoO0, Dooooooooooo

0.000000, FOOOOOOOOODODO00000
(FO0O0D0DD0DO0O0OO0OO0OOOO, 0000000000
0)0

0.0.0000000000000, 000000000

0.0.000000000000, 000000000
(20 LMedsO 0000000

0.000000NODDODOOOO, 00000000
oooooo

O000NO, O000D0D0000O00O000000C0
gooooooooooooo, cooooooooobood
o000, FOOOODOOODOOOODOO0OOD0OO0OO0O0O00O
goooo, oooooooooOoooooboenoboog,
oooo PO

P=1—{1—-(1—&)}" ®)

00000000000 Ne3os

gooooog, P=099, e=05, F=20000, OOO
oND1BOOOOOOo

32 JOoOOUOOooOOoOO

00000000000000000000, 0O0¢00
000 (»D0O00 (r, wO0OODDOOL()DOO00O
00000000000000000LMedsOO00000
000000, 000000 F=100000000000
0000000, 000000 e0LMedSODOOOOOO0.5,
P=0990000, O0@GOOODO0O00D0O0OO0ON=700
oo

000000000000000, 0000000000
00000, 000, 000000000, 0000000
00000000, 0000000000000000000

3.3 0000
goooooooooboooggy, Cr,Chyooooo
0H)yooo, bobooooo0oboobOoobooooooDoo
gooooooooo, boooooooo
doodooooooooooooooooboooooo
oooo, Dobooboooooooooobooooooooo
goobooooooo, Doooooobooooooooo
202400 0000000000 O20000000¢0,
160x 12000 080x 60 D DD OO0 OO oooooood
oo ooooooboooooooooooooooag,
goooooooobbooooooooooboooooagno
goooooooobboooooooo, bboooooo
0o0ododoooooooooooooobooooogno
00, LMedSOOOOOODOODOODOO, OOOOOOO
goboooboobooobobooobuoobooboboooo
O, g3 ooooboobobooobuoobooooo
goooo, oboobobobobouoobuooooboooo
0, 000bo0oboobobobooboooo
goooooobooboboooboooooboob, oo
gooooobooboo, bobobobouooboobooooo
o0, 000LMedSODOODOODDODODDODDOO,
goo0o00obO0oDbOooO0bDDbOO0DOOobOOoOobOoDOoO(@
goo)oo, 0boo0oo0o0obO0oDoDOoooooooDoo
gooo0o, oboobobobobooobooboboooo
gooooooooo, obbobooobooboboooo
gooooooboo, boobobooobooboboooo
ooogo
gooooooboboboboooboobobooboo, 0o
000000000000 00D0000bOO0LMedsO OO
breakdown point(0.5)0 00000000000 0OO0OCO
gooooobooboooboboboboo, booboboooo
gooooboooooogoooooboooooo@ooo,

11—



00000000000 Ne3os

ooooooooooooooooooo)yo, ooooo
gobooobooooo oo, boobobooooboboobooo
0, o00b0oooooobooooboooobobooboooon
gboobooooooooboo, ooboooboboobooo
gboo, oooooobooboooobooobbooboooo
oo

® 1 BEIREHO LERE

AN -

FRAGE 10 20 30
320x240 14.1 19.4 25
160x120 3.6 5.0 6.5

80x60 0.9 1.2 1.6
(BAI :7) E1TRIE IBM-PC E#:4#, Pentium4 2.6GHz,
Windows-XP SP2

2 BEEFIOEHETE
(LR BS2EFIVER TR SSES0ERR)

. obgoooooo

ooooooooooooooo, oooooooobood
oooooopoooooboooooooo@o) oo, oo
goooooooooooooooo

BEGENT7F 2
Bl DADER  WRMEESR - Es- e
I I - Tofl
- TARE (RFAR- MR- O 2k - )
e
HEEaE BREFR (L — LD
(R LT o FHE) it
Tl 2R
WIET, RO U
\ 4
BiEEREO ST R
' e
SULR AT —2

§ &

3 BEBEORY - BHLE

AR LB T —2EH

41 ODOOODOO
LMedsOOOOOOOOOOOOOO, ODODOODODOO
gbooooooooooobo, oboboboooboobooo
goooooooOo, ooooog, y/Cr/CbhlO00O0O,
gbooboooooobooboooobooooboobo, booo
goboobooooooo, ooboboboooobboobooo
gboooooogo
goooboooboooobboobooobooooooboo
0, 00oo0oooooooboooooboooboooo oo,
gboobooooobooboooobooobbooboooon
gobooboooobo, oboooobooobbooobooo
gboobooboooooboooobo
gooooooooooooooboooooooooo,
gboobooobooooboobooooboobboobooo
oboo, ooboboooobooooboooboboobooo
xJoooooooooooooboo, obbobooobo
gboobooboobooobooooo

WiE—-B8LTB/19—>

" mw m

BE-YhEdTdny—r
D 5= . ik Ddon‘t care

K4 EHERICXIT ST 405 0IE

42 00OO0OOD0OOO

oooooooooooooooooooooooboOoa
ogooooo, coooooooboooooooooood
ocooooooooooboooo@oo), booo, ooo
oooooooOo(@obooooooOoooboooo)ooo
ooooo, oogoooooooooooooodo

ooooooooooooo, ooooooooobooo
o@ooooooooboooooo)o, ooooobooooo
ooooooo

ooooooooodg, oooooooooooooboo
gooooooood, ooboboboooooooooboobood
gobooooooooooooboobooooboooooboOon
goooooooooooooboobo, oooooooobood
(booboooOooobooooOoOoOoOoOoOobo)ooooosn

43 0O0OO0OO0O0OO0OO

420000000000000, OOOOOOO0O00OO0
goboooooocooooooboobooooooooboobooo
gooooooooooo, oooooooboooobooboboooo

— 12—



0o0000000000000000000, 0000
000000000000000000 000000000
00000000000000000000000000
ooooooo

0000000 @O00O0O000000)
ooooo@oon)
ooo@Oo00O0000ooon)

o(@Ooo)oooo

ooooo@ooon)

gboooooooboooo, boobooooooboo

. ooboooboooobooboo, ooooooooboo
oobooo

. oooooboooob, obooooooooboo
ooooooob, obooboooooboooboo
oooooobooboooboooboooooobooooboo
ooooooooo

. o0o0boooboboooboboobooooooooboo
oooooo, booboooboooooo, oboo
oooooo

gooooooooooooooboooo, boooooo
gobooboooooooboooo, coboboobooo
gboobooooooobooooboobooOobbobooon
gbooobooobo, obooboooobooobbooobooo
gbooboooooooboooooboo0obobobooon
oobooo, ooooooboooobooobobooobooo
gobooboooooooooo, ooboooboboobooo
ooo, oooooooooooboooooooobooboong
ooooooo

S3:—BFO Ak

FIHEEE
Rz

®5 F3yhOREER

ooo, ooboocooooooooog, oooooboo
gooooooooooooooobooooooooobo, O

00000000000 Ne3os

gboobooooobooboooboobooobboobooo
goooooooo, bobo, booooobobo, booo
gbooboooboooooboooboooo

X6 wBEMRRL - BIFLEOH

. googoo

ooooooooooooo, oooooooooobooo
gooooooooooooooood

51 0O0000OO0OO0OOO0O

oooooooooooooooooooooooboOoa
ooo, ooooooooooobooooooooobooboon
OooO@miniDvOO)OoOOoOOOO0D OO0O0O0oO0oooooo
ooooooodo

ooooo, booooooooooocoopcoOOO
gooooooooooobooob ooooooon72ox
48000, D0OOOOOOOOOOOOOCOOO0OOO00O009
x 600 00000000000, Pentium4 2.6 GHzOPC
0000000030 frame/secO OO0, OO0DO0OO0OOO
ooooooodo

52 000000
3pooooooo, booocuooooooo, oboo
gobooooooooooooobooooooooboobooo

— 13—



00000000000 Ne3os

gboobooooobooboooboo
goooooobooooobooboo, oobooooooboo
o000, oobooooooob400000OooDObODbDOO
goboooooogo, bobooooboooboboobooo
10, JO00OO0OOOoObD1000O000b00ooo, booioo0
gbooboooooobooboooob, obobboooboooo
g40000000000000LMedsSO O O breakdown
point(1000 x 0.50500 )0 000000, ODOOOOOO
gbooboooooooobooo, boooboboobooo
gbooboooooooooboo

53 DOO0bOoooobooon

gooooooboooobobooobooo, boooboo
gboooboo, booboobooooboooobboobooo
gobooboo, ooooobooooobooooboobog, ooo
gboooboo, ocoboobooooobooboooo

goooooobobo, oboobooobooooooboo
gobooobo, oobooooobooooboog, bobooo
gobooo, ooooooboooobooobboobooo
gooogo

gooooooob, oboobooboo, oooooboo
gboobooboooo
oOoo0oooO0ooOooOoo(@uoboopoooouws,
goooboow3pobooOo)yoooooooooo
gooooooooooooog, 1vyyooooooooo
oo, 2yo000000oooooooooooon,
gooooo
goooooOo, ooooboobooobooooooboo
oooooo, coooooooboooooooooood
ooooao

54 0DO00OO0ODOOOOOO

ooooooooooo, boobooooooooocooo
ooo@o)yooooooooooooooboooobooooo
ooooo, oocoooooooboooooooobooboond
oooooooo, ocooooooooooooboob@o
ooooOoOo)yoooooooooooobooooooo

oooooooooog,

oooooooo, oooooooobooo

ooooo, ooooooooooooooooobooo

oo

goooooooooo, oboboooooooooobood
goooooooooooo, ooooooooooobood
goooooooooooo, ooooooooooobooo
oo@ooxoo)ooooooooooooobobobo, o
OooooooOoOip #890#91, #880#00 000000

gboobooboobooooboooobo

K7 BARERICETZHTE, EEOKRE

% (pizels)

1r- -
t {frames)

8

— 14—

Eﬁ}vst

. -

L, -

a E—
/ Féw@%ﬁzgﬁfﬁ

%ﬁf':u " _|/f’ r\ B
™

I L

X7 DY—rIcEFEBENRBEOBE



gooooboooboooobobooboooo, booboo
gboobooooobooboooboob, obboooboooo
gboobooooobooboooboooboOobbooboooo
gboobooooooobooboooobooooobo, booo
gboobooooooboobooobooboooobbooboooo
gooogo

u. oog

oO0o0O00O0D0O0O0O000O0LMedsODOOOOODOO
gobooboooooooob, oboboooboobooobooo
gbooboooooobooo oo, ooboooboboobooo
goboooboooooobo, booobobooobbooboooo
gbooobooo

oo, booboboooboobooobooooooboo
gobooobo, boooobooooboobbooobooo
gboooooboobogo

goooob, obooooboboobooobooooooboo
gboobooooooobooooboobo, bbobooo
goooooboooooob -obobbobooboboo
gobooo, oobooooobooooboooboboobooo
gooogo

oood

1) 00 0Oboooboboooobooogo, ooobo,
0000 00000000, 2240, pp.30-35, (2006)

2) 0oOoooO0ooO0obooOoboOoooooOoooooDooo
gooooooooooooooooooo, ooood
00000D0O0D-0, VolJ8s No.6, pp.796-806,
(2003)

3) 000O0DO00O0oo00ooooog, http://www.neurosci.
aist.go.jp/"kurita/lecture/statimage/

4) ODO00000O0O0oO0o0ooOoboooobooOgooD oo
goboooobooboboobuoobuoobooog
OJo, O0ODOD0ODbODDO, vol.3l No.2, pp.193-201,
(2002)

5 0 000000000 OOobOooooooooboo
o0, 00oboobooboOoO, No.301, pp.31-38,
(2002)

15—

00000000000 Ne3os





