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A Fast Algorithm for Adaptive Background Models

Using Parzen Density Estimation
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Abstract We propose a fast algorithm to estimate background models using Parzen density
estimation in non-stationary scenes. Each pixel has a probability density which approximates pixel
values observed in a video sequence. It is important to estimate a probability density function
fast and accurately . In our approach, the probability density function is partially updated within
the range of the window function based on the observed pixel value. The model adapts quickly to
changes in the scene and foreground objects can be robustly detected. Several experiments show
the effectiveness of our approach.

Key words Background Subtraction, Object detection, Non-stationary background, Illumina-

tion change, Parzen density estimation



1. ODOdo

00000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
0000000000000000000000
000000000000000000000
0000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
00000000000 0000000000
0000000000000000000000
0000000000000000000000
000000000000000000000
00000 [1-6)0
000000000000000000000
0000000000000000000000
000000000000000000000
0000000000 30000000000
0000000000000000000000
000000000000000000000
0000 1)00000000000000000
000000000000000000000
000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
0000000000000000000 [2-4]
OO0Parzen 0000000000000000

O00000O00ooooooooooooo [po

O00ooooooboooooonoDO Staufter
gboboboobobobuoobobobooon
oboboboobobobobuoobobobooo
000000 2000000boooooooo
gboboboobobobuoobobobooon

9.

gooobooobooooobooooboooo
gobooooooooobboobobooooooboo
gobooboooboobooboooboob
goobbooooboooobooooobooo
O ChengOODUOOOOooooOoooDOOOD
gobobobooooboooobooooobobooo
O00000O0O0oo0ooo Booooooo
gbobogoooobooobooboooobbon
gboobooobooboooobobgnbD EMOD
goooboooooooboobogoooooo
goobobooooboooobooooboobooo
gboooooboboooogbobooooog
gboboooooboboooooboooobooboon
000 40obooo0o00oooooooo
gooobooboobooboooboob
oboodooooooooouoooboboooo
gbooooobobooooobobooooog
gbooooooobobooooobooboooog
gooobooooooobobooooboooo
gobooboooooobgoobooboob
goboobooboooboooboooooboooobo
ooog
oboogoooooobobOobdoElgam-
mald0 Parzen OO O00D0O00O0OO0OOOO
00000000000 pooooooooo
goboobooooboooboooboooboooobo
gboooooboboooogobobooooog
gbooboobooobooobobboobo
gooboooobooooboobooboob
gbobogoooobooobooboooobbon
OO0O0ODEgammal 0O O O00000O000OO
gboboooooobooooooooobooboon
gbobooboobooboobooobobooob
gboooooooboboooogoon
UboodbD00Parzen OO O0O0O0ODOODO
goobooooboooobooooboob
gooobooobooboooboooooooo
gbobogoooobooobooboooobbon
gooobooobooooooboooooooo
gbobogoooobooobooboooobbon
Oooobooogd2dd Elgammal 00000
OO0 Parzen DO OO OOOO0ODOOODOOOO
gobogobog3oooooooboobooono
goboobooooooobooboobooob



goboobooboobogooo 400booog

2. ParzenO000OQOQOOOOOOOO

gobobogb 2100000000000
000 Parzven OO O0ODOOODO2200 El-
gammal 00000000 Parzen DO OODODO
gboooboobooobooboonog

2.1 Parzen OO

Parzen OO0 OO O0OOODOODOODOOOO
gooboobooooooooobbooooon
O0000000o0000oO (=,y) 00000
b0 Jd00000b0 X OOobooooooo
00000000  NOODOOO {X0..0KN}
0000000 P(X)O Parzen 0O OOO0OO

1 N

P(X):N;K(X—Xi) (1)
O00o00oo0o0oooKOOOooooooo
00000 1000o0000o0oooooooo
goooooooocoooooooocooon
O0o0oooooooooobooooogo
O00O0000000000K O N(O,E)DD
O00O000000000000000 400
0oOoo ()00

N 1

1
PX)==y ——
N = 2m)|z)?

exp (~5(X - X)TB X - X)) @)

goooboobooooooooooboboboooon
22 00O0OO0OOO0ODOOOOODOO

gbooboobooboobooboon
O00000000000000000 (z,y)00
0000000000000 (2)000o0ooo
goboobooooogoon

o2 0 0
2
Y _ 0 o3 3)
. SRR
0 0 o3

Ooo0db0ob00Xd RGBOOOOOOODO
gobbooooboooobooobobooo

-3

gboboooooboboooooooooboon
gboooooboboooogoobobooooog
goboboboooooboooobooboboooobboo
0XO00O0OO0OOooOoOo 4)ooooooooo
goooog

gboooboooboooboooobobooobobgn
ooog

Stepl 000000 Xy 0000000
000 (40000 Xy, 0000000
P(Xy41)00000

Step2 Stepl 1000 P(Xy4) 000000
0000000000000000000
ooo

Step3 U00O0O0 Xy ODODDDOOOOO
obooonbo x,oooooo

goobobooooboooobooooboob
oboooooooobon

3. gubobbooooobo

22000000 (40000000 X000
000000000000000000000
00000000000000000 Elgammal
000000000 (X—-X,;)00000000
K0O0O0O0OODOOOOO0O0oO00O0o0ooo0o0d0
000000000000000000000
00000000000 KOOO0O0O0O000 N
0000000000000000000000
0000000000000000000000
000000000000000000000
00000000000000O0

0000000000 ()000000000
000000ARO0D0O0O0O0O0O0O00000000
0000 (0100)0

1 if_bhcy<t
Kw) =7 PR )

otherwise



K(w)

=

b0 h
2 2
O 1. 00000ooooooo

0 ()0000000 (1)000000000
0ooo

N

PO = g o wE
HX)

- Nud (6)

O000KX)D XO00O0OOOOOoO AO0O
U0 ROUDOODO X, 0000000

N .
k(X) = Z‘b(w) (7)
i=1

O000|X -X;|0400000000000
O000«¢(uw) 00000000000

e 1 1
py=J " TTISEST g

0 otherwise

»)D XO0000OO0OO0OOO AhOdO0O0ODODO
ORUOUDUOD X;UOOO0OOODLODOOOO
gooogboboibD X; 0 X000000
gbobooboboooo1bo000b0boon
gooonbooon

0000000000000 (p)oooooo
O000000000ooopP(X)Oooooo
goobo NDOOOboooboXxXgooooo
gboboboobobobuoobobobooon
goobooboobbooooo Xooooo

gbooboooobobbobooboobbob

gbooboobooboobooboobo
gboooboobooboobooooooobog

goobooooobooboooob NOOoooo

gboooboobooboobooboobo

F(X) = P Xi+—
f( ) -f-—]( ) -\'-h.d
P(X),

1 |X — Xy4al 1 . 1xX—Xi|
¥ h A

I

| Update within the range of the window function |

|. Background ]\ : [ _H | . h: 5

Threshold

Il

Observed value

Pixel Value

Oldest data

U20000000000000

odoooooooooooooooooood
O0o00dooboooooooooooooon
odooooooooooooooooooon
0000000000000 XOOoOooooo
dodooboooooobooooooobooooa
oo0oooooon
O0o0o0o0o0ooOo0o0oooooooooono X
000000000000 P(X)00O0000
Oo0oooooooooooooooooonog
00000000 Xy 0000000P(X)
0oo0obooooooooooooooon
P(X) = Ptl(X)-i-Nlth/J(|X_})fN+1|)

11X - X
- (=) )

gbooooooobobo Xy OOOODO
gbobooooooooo NLMDDDDDDN—%I
ooooooooo x,0oooooooooo
goooog ﬁDDDDDDDDDDDDD
uboooooboobooooboooooan
00 P(X)0OD0OD0ODD0D0O0D0DO0Oooooooo
gboobgoooobooobo20000000

ogbooobooobooooboboobgn

4. 0OU

0000 PETS2001 0000000 [7jO0O
00 320x240000000000000000
goboboboooobooooooboooooo
gooboooobooooobooooooo
gboooboobooboobooobooob
O00O0OO0O0O0O0O0O0O0b0EIgammalOODOODO
goobooooboooobbooooooog



) o
g t
(c) h=5

(d) h=11

(e) h=25

U4 0000000000000000DO0

goobooobooobboooboooooon
OO000O0OO0OROGOBOOOOOOO1DODDODO
goboboobooboooooboboonoo
00 O Pentium4 3.2GHz 0 CPU DO OO 2.5GB
gboooboooobooooo

4.1 00OO0OD0DDOODOOODOODOOD

Parzen 0 OO 000000000000 O0O0O
googoooooooooboobooooooDoo
gbooboboobobobuoobobobooon
gbooobooobuoobooboobooobo
gboobooobooboobooboobo
gbooboobooboboooboboobo
gooboooooboooobbooboooooo
goooooogoooobooboogoooo
gbooboobooboobooboobo
gobooooooobooboobobooogonog
gbooboboobobobuoobobobooon
U0b0o0oobobO0b0f0Parzen D00 OO0
goboobooboobooboooboobgo

300

-—

250 //
200 /

150 //_/

100 //_/

50 ==

Processing time (msec)

1 25 51 75

Window size

U3 000boobobooogobon

oooo30obooobooboo AhOOODOO
ooooooooo pObObOObObOObLbOODO

-5

oobobOpbOOOOOOODDOOOOOOOD
goooboooooooboboooooooo
goooboooooooboobogoooooo
ooooooooboooooboouooaAbOoOog
gboboooooboboooooooooboboon
gbooooooooboboobooooogooboo
gobooboooobbooobooboobo 250
gbooooooobooon

040 A0O0D0O0O0ODOO 1,5,11,250000
goboobooooooboobooboob
gbooboo1l1ooboobgogoooboboobon
gbooboooooobgooboobooob
gbooboooooooboboooboboob
gobooobooobooooooooooboooobo
ooboodaAOd2000000O0DOOODO
gboobooooooooboooboob
goooboooboooboooboooooooo
gboooooogoboboboooobobobo
gbobgoooobooobooboooobbon
gbooboooboogoogsonooooon
gboooooogoon

4.2 0J0O0ODOOOODOOD

gboobogoooobooboo 1o00o0o
goobboooobooooobooooooon
O00o0oobooboobooboO0O0h=5,N =500
goooog

gsbooggoooooooooooooon
gbooooobobooooboobooooooboon
10b00booboobooooooobooooooo
gbobooooobooobo11bobobooon
goboobooooooboboooboboob
gobooboobooboobooobobooob
oooobooooooobooboobooo
goboboboogooooboooboooobooo 1



3 Gaussian Mixture Model —®—Proposed method

[S)
=1
S

O
=)

=
S

Processing time (msec)

[
=]

o

4 5 6 7 8

Number of Gaussians

Us:gbooboooooobonooo

goboboooobobooooooobooobobooo
gbooooon

ooobebUObUObDoobOoOobDOODO
gobbooobooooobbooooobobooon
gooooboobooboobooboon
gobooooboooooboobbooboogoo
gooooobdb 1oboboobooobon
gobooooooboboboob 1o00000
goboooboobuoobooboooboooo
googooboobooboobooboon
gobobooooooboooooobooouobobooo
gobogoooooooobuoobobobooo
goobgooboobooooboobooboon
goboooooobobooooboogoooo
gobooboooooooooooooooog
goobgooooooooboobooboon

gooobooooooobuooboboboooo
gboooboobooboobooobobooob
gbooooobobobooooboobobooonog
O0Odo00 70 Elgammal 00 0OO0OOO
O0000O0O0O0O0O0O0Ob0ElgammalOOOODO
gogooboooooobooooboogoooo
gbooooobobooogoobooooog
gbobgooooobooobooboooobbon
gboooog isooboooobooboboon
goobooboooooboooobooooo
gbobgoooooboooboooboooobbon
gobobooboooooooobooooooboo
gbobooooobobooooooooooboon
goboobooooooboobooboob
goooooboboooooooog
43 U00O0ODOODOOOOODO
gboooboooboooboooobobooobobgn
gboboooooboboooooboooooboon
googogooobooooooooooobo
goooog

gooboooboooo

000 (%) = 1
(%) =555000000g <10
(10)
0000000000
000 (%) = % 100

goooogo

(11)
O00D00000 Eleammal 000000000
N=530000000000000 R=5000
oon

gsbgooooooboobgooobooobo

‘ — Gaussian Mixture Model —Proposed method — Number of Gaussians

160 1.8
1.6

Vo
1.4
1.2

Qﬁﬂ@m@vﬁ 1

108
1 0.6

ISR
S 3

=3
=]

%
=]

(=)
=}

S
=1

Processing time (msec)

553
=

oo o
[SS T =N

=

500 1000 1500

Frame

2000 2500

Number of Gaussians

‘ 3 Traditional approach

100 200 300 400 500

Number of sample data

—#— Proposed method

w
D
=)

w
=3
S

IS
7
S

[ )
=3
S

[
=)

o
S

Processing time (msec)

w
=)

<o

U6Udobooobooboobono 10000
oboobooon

-6 -

O 7nooooobooboobooboobo
goooooog




‘.:V -

P
’
~ »

() 0000 (by OO OO (c)ODOO () 0000000000
00

09 0000000000000000D0 (00000 (b)000O0OO000OCODOOOOOOOO
O0000()0000000000O0O0000OO00OO0O00O0DOODO00(dUbOOOOOOOODODOO
gobooooooobobooooobooboboo

gooboooobooobboooooboboogo goboobooboobooboooboboob
goooobooooobooooobboooooo gbooooooobooon
gogoboboooooobooooboogoooo

000000000 0Egammal 0000000 1 —
0000000000000000000000 o]

0000000 94.38%0 0000 88.89% 00 s

0o e & Rocal
000000000000000000000 9 Ll .
000009 00000000000000 7

000000 9Mb) 0000000000000 o
0000000000000000000000 v ———
D00000009(c) 00000000000 odel
D00000000000000000000

000 9d)0000000000000000 08 00000000000

goobooboooooboooooboboboboo



5. gooO0o

OU00O0OD0Parzen D OO OODOOOOODOO
goobooogbooboooooobbooobooo
gogooboooooboboooooooooooDo
oboboboobobobobuoobobobooo
gogooboooooobooooboogooboo
gooboboooooboooobbooooooo
O000boob0bOooodgodgDbUdParzen O
gboobooboobooboobooooDo
gboboboobobobuooboobobooon
gooboooboooooboooobooogo
gbooboobooboobooboobo
goooboboooooooooboog

e NOIDOOODOOODOOOO
U000000Parzen 000000000
0000 (b) 0000000000 OOO
gboboooboooooooboboooon
gboboboboobobooobooon
gboboooooobobboooboooon
gboboooboooooobobboooon
gboboboboobobooobooon
gooooon

e JOODOODOO
gbooboboboobobooobooboon
goboooobooooooobobobobooon
gbobooboboooooobobooooon
gboboboboobobooobooboon
gboboobobooooboooboboon
gobobooogoog

e JO0UIDOODODLOODOOO
gboboboobooooobobooo
gbobobobooboboobooon
gboboboboboboboooooon
oboboboooooboooboogoog
gbobobobooboboobooon
gbobgoboooooboobooboon
goooooooo

gobood

goboobooboobo 11 8sbogbog
gboobooboboobooobobooobo

gboobooboooooooobobobobo
ood

goon

(1] 0000,0000,0000,0000. ¢
00000000000000000000
Oo00O0O0000O0”. 00000000
000000 (MIRU2005), pp. 1412-1419
2005.

[2] Chris Stauffer and W.E.L Grimson. “Adap-
tive background mixture models for real-
time tracking”. Computer Vision and Pat-
tern Recognition (CVPR), Vol. 2, pp. 246—
252, 1999.

[3] Jian Cheng, Jie Yang, and Yue Zhou. “A
Novel Adaptive Gaussian Mixture Model for
Background Subtraction”. Springer Berlin /
Heidelberg, 2005.

[4 0000,0000,00000. “00000
Ooo00000000000O0OoooOn”.
00000000000000 (MIRU2006),
pp. T46-751, 2006.

[5] Ahmed Elgammal, Ramani Duraiswami,
David Harwood, and Larry Davis. “Back-
ground and Foreground Modeling using Non-
parametric Kernel Density Estimation for
Visual Surveillance”. Proceedings of the
IEEE, Vol. 90, pp. 1151-1163, 2002.

[6) 0000,00000,0000,000. “0
000000000000C00000O00”,
00000000000 D-II, Vol. J86-D-1I,
pp. 796-806, 2003.

[7] In Conjunction with IEEE Conference on
Computer Vision and Pattern Recognition
2001. “Second IEEE International Work-
shop on Performance Evaluation of Track-
ing and Surveillance”.
ftp:/ /pets.rdg.ac.uk/PETS2001/, (accessed
2007/01/15).



