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Abstract In view of the noise interference to video images and the complexity of background change, the traditional
Census transform eigenvalue dependence on the central pixel is improved, and the Census template is established to
maintain the robustness of the Census transform to light changes. A new background modeling method is
established by combining the improved Census transform eigenvalue, image pixel value, update frequency, latest
update time and dynamic index. The background texture difference is adaptively selected and fused with multiple
features to update the background model. According to the dynamic index, the background change complexity is
established, and different update rules are established to improve the stability of the model for light mutation and
complex scene processing. After testing multiple sets of standard video sequences, the detection accuracy of this
algorithm is better than that of other algorithms, which effectively improves the influence of light mutation on
foreground target extraction, increases the robustness to light mutations and complex scenes, and reduces the false
foreground caused by holes and pixel shift of the moving target.
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Fig. 1 Pixel value in 3X3 window. (a) Fields in the window with the same pixels and the different center pixels; (b) center

pixel is the original gray value; (c) center pixel is the average gray value of each pixel value of the window; (d) center

pixel is the median value of each pixel value in the window

0815003-2



e ES Es i
AR S R A2 S T R AR el RE VA BREFIE AR R P A P&

Z=t o Census A8 158 L (9 ] &1, A< SCHE H— P el itk
Census BB, HEZ.O BB BRE D NS B RE
(8 H SE O AR TR R K EEAE 1 (p) -
, 1, M(p) <IphH
¢(IMp), I(pH]= 0. M(p)}[(p’)’ (3
MCp) =m e L L(p) s T(p T, (4)
K M p) e BN ETABREE R TG m en )
Shy 3R A B R
W od O AR S R R K 5 2 % E 17
FeE Al 1 Ch) ~ () BTz 43 ) B 17 P s 1R

153

EZHEH ., L LB 0 AR R Census 728 4
A R T X PR R AR R T R AR
fil

SR B AT A5 . 18 4 {1 fle g R A0 AL ol G O T
P, 5y 5 | A AR AR PG AE [ — A s 37 8 AN () o 22 [ 1%
FEME . B 2 W IE X o R R p bl
(185,122)) , 4L 140 WIAAR R ETE 146 ~152 Z [H]
Bk s B 2 (b) fBr /s, Census ZF #2451
2(e) ~ () IR LB E M (p) AN LRI R E
fEH} 50, Census AR BT E T 2%

| |
151 [y \ N |
iy g
1 'l‘ V'H [{RITR
| 1] }

S 149
147 !

45

1NN
1y

L]
Ji

H

Frame

(®)

1 16 31 46 61 76 91106 121 136

150 | 151 | 151 148 | 151 | 153 151 | 151 | 150

152|153 | 153 150 | 153 | 156 154|153 | 151

151152 | 152 151|153 | 155 154 | 153 | 152

01010 0] 0 00

0 1 0 1 1 0

0lol]o 0l o0 ]1 1110
(© (@ ©)

B 2 AR Z AR, (P F; (b) A B KSR ZE AL ; (o 8 N 153 2 ¢ 9] Census A8 4 ;
(DR ZE R 153 55 ¢+ 1 Wi Census 284 ; () FOMRE H 153 55 1+ 2 i Census 22 e

Fig. 2 Neighborhood pixel value change. (a) Video sequence; (b) rectangular area pixel value change; (c¢) center pixel is

153, the t-th frame Census transform; (d) center pixel is 153, the (z+1) th frame Census transform; (e) center

pixel is 153, the (¢ +2)th frame Census transform

At Census ZE e B9 AR E M, AS SCHR Y Census BEH, 7€ X AT »

C oy Can(p)s max[ |[M(p)—MOp) |, [ I(p)H—T(p)]]<e -
T L (e max[ [M(p) — MG [ TG — T[] =e
Y L Vi .
A Con (PO A ¢ WUREE p 1Y Census 22 HH 150( 151 151 148|151 153 151 151 150
MCp) e WHRZE B WA G R AW A5G 152|153 153 150 | 153 | 156 154|153 151
ICpD e Wip FIHBR R R R e HHHLH 5~ 151|152 152 151 | 153 | 155 154|153 152
83 max() Ky >R e KAl BREL . @ (b) ©
Census 15 M 5 57 #800) A 0| 0| O 21 01| 2 1 0| -1
Mp,)+Mp) 0 1 2 3 2 2
M(p) = 5 ; (6) ololo ol 1]3 30 1]o0
I /)71<pi>+1<p’) o & & 0
p)=T [ 3 Census #i47. (a) Census BARIZZE(H; (b) ¢, Wi(Z

AEFRZE R 3 s, A ZR/NT e, ATLL
3(a) ~ () —A> census B, 1> T 15 &
B XF w5 HARBRBUR S0 3958 T Census 28 e 52
EME,

3 FET it Census 2B 1 i) 240 1E
e E AR
3.1 BEHEBRHE

TR G RME ME AR EEE N
REAE £ S AR AL 0 Liao 4810 DLSCHE Sy RRAE 2 5T

FE; (o) ¢, WHRFEME; (D Census Bk AL e i

(e I(pH—Ip/ s (DIpH—I(p1,)
Fig. 3 Census template. (a) Census template pixel
value; (b) t; frame pixel value; (c) ¢; frame

(d) Census template transform

value; () T(pH—1I(p!, ;s (D I(pH—I(pl,)

HEEAL Barnich 1 I R 3R A8 480 2 1] 56 R E
B SR A S ek Y N ) A 8 R AR AR S
TR P O G 5 1 S5 IR 0 0 L L 0 220 T ]

PN 3 58 Ak 5 B I M RS2 O 2k 2 AR 5 1k 1 3 5

pixel value;

0815003-3



Es i

b, XA TR dg s A T BOE SR AR AL R A R
TR R ERE T R AR P DL R) S, AR SO
Ji B Census A8 RRAE FIALAN 2 FpRE R flA 32 0 T
— R B R AL,

PR B 22 M AR AL B 7 9] 3 28 EHR R
i, 375 8% Wit 7 [F]— v B 9 % 3R {76 ) () gl b A g
T—PEE V()= a1 a2z, lt=1,,A},
HP VG HIONBEE o WE, o, HEGTH -1
o0 HAOUVBE SN A e T, A Sy T A it g, A
R B — A o LA R
MG )H)={C(x;),P(x,),F(x;),T(x;),S(x,)},
Hrp,

Clx)={ciscosrrsen ) N x; B FIEALE T
BAMEAN Census ZBIFFIEE . N HFEAE R

Plx)={pisposrapnt N o M RHEARLSE
AR R

F)={f1:/2s
r g AN R A 1 BB 5

T ={t1stysestn ) A x AHFHEALE D
B FEAS B 3 TR S (]

S)=1{sihx, BEWDIESIEE.

BERMBRBAR ZAEAE M () Fh 431 19 2 i 528
FAEMGONSHNERER AR TRER
MF A M (e DR, ¢ Wi A TR R Vx)
T AR HAWHE E N E RBR R,
Ge{Vx) N Mz} <S(x;)
Gy V() N Mz} =S

(8

NN s A SRR SR

Viz,) =

KGN RB R G AT REER,
3.2 HRIpEL
WA AT SRR A 51 55 1t TR AR B
DR E «, Dl 3 X3 8 D NITE B ZWiaik .
Census ZRHHFIEAE C(2,) ={Con (), Cen(z;) | j =
Ly, 8), i 1M sE 0 MEER. A R,
H G E . Co ()N 2, B Census AW RRE
. BURE o, IO 55 % 1 L
P(x)={V(z).Vi(z,)|j=1,+.N} (9
G ZHIGAL P(2) F(a ) ={f,=1]i=1,",
Ny, T(x)={t,=1li=1,,N},N HEEAREK
/N il
Vie) € {|Vila) —Vix) | <<e,k=1,-,24)}
(10)
) &, TR AR S5 H0H 2

s<s,>:Z V(I’i\] Vit = Lo N, (1D
XV (e ) WBEE o, 1 5X5 4B £ SGON
x, BERNEIEEG; R AR (10 LAY LB 5L
B &k HE R ADBBBRE VO NE D PR E
MR AV (e ) R R QORISR K e R
L BUAE R () R,

R T S & A sh A AR, a0 KOG Z AR
R I S Bl A5 PR 28 ™ A Y K B A DR T S H A . T Al
s AR E AR D () i 2

N
DV — by |

D(x,) = N , a2

A XN YR BB B R E 5 B A A (E 2%
RS BIRKCEE B A S 3 ME ., X pe I
FRA P (o D IIREAE
SIAFEES (e DRI R % B KIS 1R R R
T AR B ok M Y S S AR R s AR
R E 4 IX I A 2T FHERRIE, Fl AL br R
(166,36)) , BIAFEEL S () BB/, AR R R 91 75
S s SRR R W 4 R X B (&8 B
HEFRIT, O AR bR N (187,95)) , B S48 S () I
B b 7 AR R T S5, S (e DT 2
S(x;)—D(x;), S(x;)<<a-+D(x;)
S(x)—D(x.), S(x,)>a-«D(x,)
(13)

S(x,):

(b) 40
35
30 A b

1
25| t
s 20 ) i
15 f I ,'\

|
12 %V‘y‘/wk\j Ly hj\/\/\/J Wy

O 1 1 1 1 1 1 1 1 1 1 1 1
1 7 131925313743495561 677379859197
Frame
4 PIARBAS XS, (a)FELE 100 Wi;
(X A.B WE &
Fig. 4 Different dynamic areas in the video. (a) Continuous

100 frames; (b) complexity of areas A and B

0815003-4



Es i

L K E REL
3.3 HEEEHKE

S A 0 4 B0 it 2 B R 1 S A ) B
BTSRRI R 12 2 51 R A5 i W) AR Rz B H bR
ghost BLG 155 0 B 307 P 2 1 B Kt {1 i 55 S 3
H s AL B G B30 R 5 B 2 of A £ 030 31
BUG rhJ 75 & A R 5878, PR R SRR AIE B BT A A
BREBR TR 28 A8 5 W K BT L BT TR
st HAR R R 2 68 S (o)) e flif 1 A ] X
WEh AR B 45 A REARME F (o) | fe 3 0 8 i [A)
T Ca ) F5 1) 75 S5 455 78 6 AN ) DX 35k ) B0 30 3 L A &
g/ T ghost Az 8l H bx LR BLS .

TR T SRS AR

BRI d, (hw) B ¢ WIRES ¢ —1 W% A
18w YME R ZE S o, N WA 175w SRR
MR R A

19 ‘.l'[*.l]f]‘¢0
d,(h,w)=

0, ‘1‘1*11,1‘20’
I<Kh<H.1<w<W, (14)
LW REBRGERE s H B m ., il
Ed,(h,w)
L(x,) T WxH X 100% (15)

TR AR S F— W2 L (), fif 5 2
AL KA I L (2 D)W 2
L(x) <7, (16)
PATH B 2, BIAT TR 4, 9 [ 8 5, —
BN 0.4~0.6 Z[H],
IR 2.0, BER AR,
B2 V(e )i

8
D Vi) Vi< =0, AD
i=1

x, WBEE TGRSV HOERRH
V(x,) =mpeain [V (x,)]0j =1,++,8, (18)
K Vi ) NBE 2,3X3 % 0 NAIARER K1,
& Ay 11 2 R
IR 3.2, 18 M () PR 33 2
\Viz)—pi(x)|<S(x,),i=1,+,N
a9
ME N &, SRR FEAREDE DAL
BT BRI R & AR AS B A8 A D1, TR
AFEI AR 1,289 p (e )N P DA ¢ MEEARR
BRI,
WER =, 75 M () AR R B 2 (19 XA {H .
Wz, AT RIGE, 2, B 3X3 4ot E o, WL

Cen(x,) € C(z)) (20)
B E MR R R F ) MA TR B 1. T (x,)
P ouE A3 1L BT 5.
B A, £ M () PR BN 2 (200 A {E
x, N R AT EL WAk P (2 ) F (a0
T(x,).S(x,).,
ABR S W M (),

4 LESER

AR AR SO ER T SRR b RE R
R Z g B AT 525, LightSwitch, Bootstrap
TimeOfDay, Waving Trees 3RJETF Microsoft Wallflower
paper ZUE £ , Highway . Canoe, Fountain02 & & T
CDNet2014M7 ¥ $2 £, LightSwitch, Bootstrap,
TimeOfDay N % N 3 5. 70 B K N 160 pixel X
120 pixel, WavingTrees. Highway 5 & 437 5, 47
HEER N 160 pixel X 120 pixel F1320 pixel X 240 pixel,
Canoe.Fountain02 W& 2435, 73 ¥E % M 320 pixel X
240 pixel 1 432 pixel X 288 pixel,

STESTERE %S 13 3.2 GHz 6.0 GB it & #L I,
VS2010,C+ + Fl OpenCV3.3.0 HEg LM ik, 5
SCHRL9 1 Y CodeBook . SCHR [8 1Y TR & iy i 155 7Y
MOG ., 3CHR[ 1219 PBAS FISCHk[10]f ViBe 4 &b
L A X 523 . CodeBook Al MOG 2 455 i 31 Hy
15 T, PBAS il ViBe 45 5 SCHR 9S4,

11 RERTHEXWRSW

VR T AL Gy 37 S 3 v AR SCIE ML LightSwiteh By
PR R 75 i (755 WD R ICAT (801 M) A48 45 Sk e 44
(827 W3 A7 3% 45 R WA 5 iR

SE B BT R ] 3 AE B F AR S P s A R AL
HE BEARARXS 5 P S A BT VAN AL - A
(P, om0 F S H AR 09 OE 8 5 A Il AR
(R) R Fr AT 5 B b A 2 Bk i ok 324G A
I3 6 CP pwe ) » 3718 HI S5 AL S5m0 R %

[

[t]) _’_‘ffp
J— (22)
to+ fu’
Popwe =100 X Sot Sw (23)

tot+tot fot fu
222 g G T 8 I 5 B85 ¢ R R D R T A
B f o R E B T SR Sl R T R T S
M

CodeBook ,MOG . PBAS Hl ViBe 4 Fli 15 5 s &

0815003-5



Es i

orlgmal ground truth CodeBook

755th frames

801st frames E I

827th frames

PBAS ViBe proposed

------

K5 &R ET

Fig. 5 Light mutation scenes

B DGR RE N FEFE RS ar s Hbr, MK 5 Af
LA TR 50T OGS 5 i
SR N R BB R R KR B2 A2 AL, 3 200
R AR R O A A e B VR, 7 AR K AT
S ORI ET B H bR, A R, R A E 4

£ 1 JekAE

P . ASCH LA Census 224 4] 64 A8 (b A
BRI R G 2 FhARAE  BE W AR R I Feh
EFR U F AR, Bl 5 #1361 T LLE A S8
5 AR ] AR B e R AR T 2 LU B AR T A 4 R
S LR AR Y R B BOR R RS AR

S35 S VR A P 6 i

Table 1 Light mutation scene accuracy verification

755th frames

801st frames 827th frames

Method
R P P pwe R P Ppwe R P Powe
CodeBook 0 0 0 0.89 0.34 51 0.78 0.5 55
MOG 0 0 0.35 0.82 0.38 41 0.71 0.47 59
PBAS 0 0 0.042 0.97 0.33 55 0.92 0.53 48
ViBe 0 0 0.22 0.79 0.33 48 0.68 0.47 59
Proposed 0 0 0 0.25 0.9 21 0.32 0.95 38
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Fig. 6 Processing results comparison of five algorithms
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Table 2 Processing speed comparison of five algorithms

WavingTrees Bootstrap Highway Fountain02
Method
My Hyr Mr Hyr Mr Hyr My Hyr
CodeBook 0.59 0.05 0.62 0.05 1.25 0.08 1.39 0.10
MOG 2.31 0.29 2.30 0.26 8.50 1.30 8.98 1.63
ViBe 0.09 0.03 0.11 0.03 0.45 0.14 0.49 0.18
PBAS 0.08 0.37 0.09 0.36 0.31 0.58 0.46 0.61
Proposed 0.07 0.08 0.06 0.08 0.36 0.28 0.35 0.39
# 3 iR LS
Table 3 Common scene comparison experiment
Bootstrap TimeOfDay WavingTrees Highway
Method
R P PI’\V(‘ R P PPV\V(' R P PP‘N(‘ R P PI’\VC
CodeBook 0.374 0.626 11.3 0.366 0.998 4.32 0.766 0.727 16.00 0.703 0.891 4.81
MOG 0.290 0.626 11.7 0.494 0.310 11.00 0.695 0.693 18.70 0.748 0.962 3.55
PBAS 0.386 0.568 12.0 0.404 0.981 4.11 0.997 0.677 14.60 0.807 0.98 2.63
ViBe 0.397  0.525 12.8 0.315  0.998 4.67 0.654  0.688 19.70  0.706  0.937 4.29
Proposed 0.588 0.576 11.2 0.435 0.981 3.90 0.962 0.878 5.25 0.845 0.972 2.25
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