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Foreground detection via fusing confidence by

weight and visual attention mechanism

Cheng Keyang'*, Sun Shuang', Wang Wenshan®, Shi Wenxi’, Li Peng’, Zhan Yongzhao'
1. School of Computer Science and Telecommunications Engineering, Jiangsu University, Zhenjiang 212013, China;
2. National Engineering Laboratory for Public Safety Risk Perception and Control by Big Data, Beijing 100846, China;
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3. Xinjiang Lianhaichuangzhi Information Technology CO. , LTD. , Urumqi 830011, China

Abstract: Objective In the field of intelligent video surveillance, video target detection serves as a bottom-level task for
high-level video analysis technologies such as target tracking and re-recognition, and the false detection and missing detec-
tion of low-level target detection are amplified layer by layer. Therefore, improving the accuracy of foreground target detec-
tion has important research value. In the foreground detection of video, the result of pixel-level background subtraction is
clear and flexible. However, the pixel-level classification method based on sample consistency cannot make full use of the
pixel information effectively and obtain full foreground mask when meeting the complex situation of color camouflage and static
object, such as error detection of foreground pixels and missing foreground. An algorithm is proposed based on fusing confi-

dences with weight and visual attention to solve this problem effectively. Method The advantage of this method is to make
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full use of the credibility of the sample to construct the background model, combine the secondary detection of color level
and texture dimension to overcome the problem of color camouflage effectively, and construct attention mechanism to detect
static foreground. The proposed model contains three modules. First, considering the prospect of double-dimension missing
detection, the foreground is determined by the sum of fusing with color confidence and texture confidence based on weight.
The color confidence and texture confidence of strong correlation samples are summed, and then weighted sum is deter-
mined. If it is less than the minimum threshold, then it is judged as foreground; otherwise, it is background. Then, the
confidence and weight of the samples are updated adaptively. For the pixels detected as background, the sample template
with the minimum confidence in the model is replaced by the current pixel information. If the distance between the current
frame pixel and the sample in the model is greater than the given distance threshold, then the sample is valid. The confi-
dence of the effective sample is reduced, and the confidence of the invalid sample is reduced to prevent the valid sample
from being updated as much as possible. The static foreground is determined by constructing the visual attention mechanism
in the subsequence, and the background model is finally dynamically updated with the strategy of updating the minimum
confidence samples. The core of this step is to define a visual attention mechanism to judge whether it is a background
based on color saliency and similarity between background and texture. The pixel classification method based on the weigh-
ted fusion of confidence and the static foreground detection based on visual attention are used to extract moving foreground
and still foreground, respectively, which are combinations of a whole. The foreground mask obtained by the pixel classifi-
cation method based on the weighted fusion of confidence is used as the candidate region of static foreground detection.
When the texture difference is calculated, the sample information of the background model constructed is also needed, and
the background model here is the updated background model. The pixels detected as still foreground also cover the pixels
that are falsely detected as background by the pixel classification method based on the confidence weighted fusion to guide
the updating of model samples. In still foreground detection, when no candidate foreground region exists in the first frame of
the subsequence, the static foreground detection of the current subsequence is not carried out, which improves the efficiency
of the algorithm. Result In this paper, to evaluate the performance of the proposed algorithm, 10 groups of video sequences
are randomly selected from the scene background modeling red-green-blue-depth ( SBM-RGBD) and change detection
workshops 2014 (CDW2014) database for the experiment. Compared with the contrast algorithm, the proposed algorithm
performs better in most video sequences and can detect static and camouflaged foreground targets. Overall, from the qualita-
tive point of view, the proposed algorithm is better than the five other algorithms in static foreground and color camouflage
detection. The recall and precision indexes of the proposed algorithm are improved by 2. 66% and 1.48% , respectively,
compared with the second best algorithm. Conclusion Quantitative and qualitative analyses of the experiment show that the
proposed algorithm is superior to the other algorithms, achieves the accuracy and recall rate of foreground detection in the
complex situation of color camouflage and presence of still objects, and achieves a better detection effect. Experimental
results show that the proposed algorithm can effectively detect foreground targets in complex scenes caused by camouflage
and static foreground. In addition, foreground target detection can be carried out in actual monitoring scenes.

Key words: object detection; foreground detection; confidence; color camouflage; visual attention; static foreground
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FAY AL B T R ML TR 0 2 7 T b 1 SR Xl 15
IR ETR, BRI

1) BRGS0 9l 53 M AT
FALER V., ce {1,2,- M| ,HpENTF
V, WS m Wi, 2 FIFH V. B SR 0, 0
HAET—Wih v, .

2) K4 4TS P ET— T o, BYRTSRSI H
FAE A S HTIT o, ARSI L T 55 0 SRR IX 8, 2
ST A FEAE X I R, WA 4T T 514 5 &
MR DI R A 60 10 35 PEAG N SV, (R) FNAE X 5k
T S S ET  SORA LR K (R)

3)FETHE W ENE SV(R) MH & %ﬁcfﬂ*ﬁu
JE K(R) & XA TE AL W5 o 5, B

K.(R)
SV.(R)’

Arp, B R T HBAARIR, ¢ R 24851 Wids iR,
P.(R) J4uimirt R X338 S vl et , 5 2460
Wb R XIS W EE SV (R) MU L, 5 24 R
T S R X0 s AR U K (R) HIE

P, (R) J&E4HIMish R XI5 S i I e, 515 &
W R X B SV, (R) R,

4R P,(R) > P.(R) ISR X I R Jy i
1EFTS, 02 R KU 5

5) QISR 2 A T 4R X 3 R B E A R LR AT
S H AR, IF B AT 24 1/ e 90 i d5 e — ot )

P(R) o

s € {B,c} (7)
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AT —WUS IR LR TR 2) | & W45 0 Y 17 )7
G v, BFRAS TSR

FEFS 50 VE AL T, 51 R B 3
SV.(R) MSFZE R K(R) WitHE B RAEmT .

HOE AT R X RGRREG L, S ZLUUR
SRy HRC BT DX 8, G v 8 R 2 X B R 11 2 A%
N, ZoR UL LD T xT B EB, XB R 1 S
b —JE B E D 2 0EH d (R,S) Fom B

Hy, - Hg,)?
L) =7 3 GRS ®

X, Hy ) FH, 4352 X R S i B ]
HHEEE b ANS/NXTE], KELEEC N, = 32,

HR AT RSFH R XM GGEES IR
T, R XIS XIS XF H N

dz(R’S) = Z | Z)m _Dtsl (9)

A, Dy AUAT PR T x T BRI R &2
LG EFE, Dy ML T AT OR 7 xT 1R FE
T8 S S RIG I
e, G54 EaR B 2200 E U 3
R
SV.(R) =d (R,S) xd,(R,S) (10)
SRR S BRI R R X S ARG
F 4 LBSP {8, SR 5 gt BT BEURRAE , Az i i 4
SO LBSP FREm B, 2 X = (x,,%,,,1,) Hl
Y =(y,,y,,,y,) A nCRBARUANY R R X 55K
1 MRS LBSP F#AIE [n) 5, 38 3 PR HRRAIE 1] 1 2
() P14 A A S AR B ARLRURE PR T) i 1) S R AR %
R/, PN RRAIE ) 22 A9 7 1) 25 ST (L8 /DN TP A
TIE ) SR AR AR, 8 A BB 2 SN, T R Y
i R XS0 2% S BT h

n
2 X Yk
il

/ ;1 %) /gl ¥
2.4 EESW

AR A A PR R 5 AR 3R 70 2807 A
LT U GE R 0 L SR A DN A R i A 7 32 Sl
S R L BT A BRI, JEAN I PSS B T2
—ANEER, HURIT S, 55T EAR BEAA R 5 AR R
IR IETTIRARAT OO RS REAT i L i S A 00 e f o
DS, Y SO 2 S BT I, 7 R A ) A
AOREAS B, i B A 9 SR 2 BT A 7 5

K(R) = cos 6 =

(11)

R, TG A e BRI R A B ST
B BN R & R R Tk AR A B o 75 5
AR DT S B RE A 1 S (3 L AT A
Wb H T HIREE 1 WA E AN A7 A 1 i 55 X
I AN BEAT 21 Hi 1 81 A 1 L RSG5 30, AT
femIARRCR,

MABTLE S A L A SR T, AR SCR ik
ATHISERZIN IR | ST 5478 SRR 2 phy D s AR ot o
VPR AR RAG B, I — T i, 76/ b 7 5t 4
R A o e 1 DXt 2y D st T 6 A 00 45 2R s 2 T
Ko R A SR I R BT D S iAo
S RIS B ) oA B R S ST A AT 3%
RS 4 T LA

3 XWHERSHM

3.1 THRMRESSHIEE

AR S B FRAE K Pentium (R) CPU 3. 60 GHz &
i, 8 GB WA, F &K & RH T PyCharm +
OpenCV3. 1. 0, I H & A AT RE AR, AR SCSE 5
SHG I KR I A5 ) S AR U, FEAR R 2

MY € =5 . HIERE TR R 2

fg—2f BT = 2.5 , BIRIFEA—AE(20,50) Z [0,
B/ NRREAEOA IR LA T SRR, 1 R REA R
M AR SC 36 A A A R SR A vk . TEAR
b, NI 25, TR AR m SR W AN 0 T
P A S A AT ARG DX I 12300 5[] — B 1 Dt
MRS, SEAEAR 2 B m = 25, FEFHT555
If, FEARR BT N WA T IR SR AT il
AR TSRS I | S S vl ) PG TGt

TS MR AR SR I R D A A RO, R
5 T A 1 TS D A R R AMORT L, DT A
AL . Bt 5 2 T LB RCHE )72 SBM-RGBD
('scene background modeling red-green-blue-depth )
(Camplani 55,2017 ) Fil CDW2014 ( change detection
workshops 2014 ) ( Wang 55,2014 ) H Eii 8, D256 FTi 11
RS H st 16 MU S h BERLZEREL0 T
S e MU S R T 242492 350 i, HLRAT
ZAPRIT R W T E NS L R GBI
VNSRS 7k M TR R ok IV A | TS R
PRI AT AT T S S A 8
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3.2 EESW

N T BB ASCR I, SIS MR R ERTE
fY 55 72 ( SC-SOBS ( society conference-self-organizing
background subtraction ) ( Maddalena #1 Petrosino,
2012) , CDPS ( change detection by probabilistic seg-
mentation ) ( Hernandez-Lopez #F1 Rivera, 2014 ),
PAWCS ( pixel-based adaptive word consensus segmen-
ter) ( St-Charles 45,2016 ) , SBBS ( sample-based inte-
grated background subtraction ) ( Varghese FlI Sreele-
kha,2017) , SWCD ( sliding window for change detec-

tion) (Isik %#,2018) ) #E47 X} L SZ 5, SC56 bR FH A
[ % (recall ) \ ¥ BE ( precision ) 125 & VF 4 b 1
(F-measure ) iX 3 FIFHr 46 b ok A A AR . A
(] A9 TR A W SRR TE LSS SR R Soh
JIT i FE A3 B 4 23 05 BE 8 B 1 2 SO TR A T Y
HSHAR R SR H i 5715 R B 7Y LU A, B i
# ; F-measure & £ 0] 58 FIAG BE 8 A 19 — Fom A7
g, INEEAR S B 2 S et TS5 3808
F1—3R 3 EAE 5 R AR TR PR Y
S L6 S N AT DL AR OB A [l 4

F1 EXRBOEIBEFR(recall) &5 R3FEE

Table 1 Comparison of recall results of algorithms

Ak
sl
SC-SOBS CDPS PAWCS SBBS SWCD NS
copyMachine 0.649 9 0.601 0 0.870 4 0.699 9 0.928 4 0.904 5
Hallway 0.578 2 0.8652 0.804 5 0.904 8 0.874 7 0.8756
colorCaml 0.104 5 0.5959 0.765 1 0.624 4 0. 666 6 0.513 8
colorCam2 0.652 4 0.855 4 0.632 8 0.742°5 0.709 6 0.884 5
abandonedBox 0.8222 0.867 1 0.887 4 0.791 4 0.8852 0.9247
winterDriveway 0.656 5 0.428 9 0.559 2 0.596 2 0.722 0 0.397 2
sofa 0.520 1 0.948 3 0.580 3 0.681 7 0.9229 0.932 8
tramstop 0.869 5 0.721 8 0.607 8 0.8919 0.333 6 0.8873
parking 0.379 2 0.853 4 0.783 1 0.618 0 0.7515 0.701 1
streetLight 0.907 7 0.947 8 0.974 6 0.870 3 0.948 6 0.987 7
TE I TR SRR AU 91 Hh B e O 285 3% IR R R s 45
R2 EEMRKNEEIER (precision) Xf b
Table 2 Comparison of precision results of algorithms
RV
BT 57
SC-SOBS CDPS PAWCS SBBS SWCD A3
copyMachine 0.5122 0.971 8 0.962 8 0.951 8 0.854 5 0.980 5
Hallway 0.462 4 0.884 9 0.875 4 0.894 5 0.908 7 0.954 2
colorCaml 0.990 6 0.852'1 0.675 2 0.704 9 0.7559 0.625 4
colorCam?2 0.7855 0.702 4 0.9147 0.805 6 0.878 3 0.971 4
abandonedBox 0.504 0 0.5855 0.890 0 0.893 6 0.6225 0.937 1
winterDriveway 0.109 1 0.930 9 0.408 4 0.170 5 0.363 9 0.4512
sofa 0.8325 0.666 4 0.931 8 0.883 1 0.802 3 0.978 8
tramstop 0.801 3 0.956 4 0.942 9 0.386 0 0.940 6 0.940 5
parking 0.4309 0.561 2 0.858 3 0.754 4 0.863 3 0.838 1
streetLight 0.979 6 0.994 0 0.998 5 0.983 9 0.830 5 0.989 1
TE IHLF R RR AU 91 b Bl A 25 88 R R 2 s B 45
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Table 3 Comparison of comprehensive results

TR bR
I R7S
PE kS i3 F-measure
SC-SOBS 0.614 0 0.640 8 0.627 1
CDPS 0.768 5 0.810 6 0.789 0
PAWCS 0.746 5 0.845 8 0.793 1
SBBS 0.742 1 0.742 8 0.742 5
SWCD 0.774 3 0.782 1 0.753 0
AL 0.800 9 0.860 6 0.8297

TE L PR R B R A 2R IR RIZFR IR 45 2R

AR SO ST A B ISR A RIS 1 S i
Ao 7y 23 2o il AU 2 B Y A B AT R R Ay
I8, G4 0 I 2 SR BB A R T L
IR LR A, IXEAR KRR E Aok 1 B O e
R RGOS IR, N3k 1 ORI 2 R, 50
IR, AR SCHE L AE copyMachine | colorCam?2 Fl1
abandonedBox WA 741 v A 4= S8 FOKG B[R] ef 2% 90 A
U, BXJEREIZEAE S, BT I O 2
5B EPRET R . A SO A A 3 1 3l 28 B
JEYERE R EAE R SR T REAE B ST A
RONARZR 028 A I AUEL 5 XUZ 2 B 15 B TR
5 RIS ARAT5 1 AR, DT S8 e € Fhy 2
[A]@1, T 7E abandonedBox Fl copyMachine I35 H 1]
et LR ZIAR oI 452 P AR A5 A T ENAIL I A phy A
AR T R LR Dy L 5%, AT A 281 B g 1
ERFMERR , W3 2 Fios , AR SCEETE winterDrive-
way PSS ok BE AR bR R AT, (UK T CDPS 5
125, X2 KA DR H AR A E IO 2 gt B A3
Fea b i b iz gl A ORI AR X 0N
HiS, WOTTE0 1 R (E A S5 — 3 JE U B AR SC0R %
X T b TSR I A R, 7E streetLight #8557
GBI 3 AN GRS BA I T SRR LT, AR SR
T T IR AR AL | S 235 5 6, S 2R RS
AERLEEAA G 58 T AL, T 0 Ui i 1 5%, DA
A AR AR E T 98, 77% F1198.91%

N 3 HRT R A SCAR L Y A 4 RS BE HE A
FHA T U B0 40 42 5 2. 66% FiT 1. 48% , AR
B F-measure 18 A7 88 PAWCS B V54 & T
3.66% ,ZAaERERR L, X2 R Ol A 4 AR RS i 45

PRER T T 25 AN RE B8 LA i B iR PE R . PAWCS
BRI R B B R, 1 AR SO A
T B EFRE B bR, M BT M R, A3
FxF H A, AR SO A A I R B AR

3.3 EHESW

SR T HE— 25 AR T B R AR T R A K
P, YBBE T 7E sofa F colorCam2 F1 AT F7 51 T A9 46 1)
BRI T R PRSI0 L5 208, Rl 25 SR an &l 2 o
TN fE sofa HUARTH h AT AW T 510 KRB —3K,
I H HPE I 4848 . 7E colorCam2 #4751 | Bl
DL S 75—, TEAN R R %ZEZE),

15 sofa MATUFFIHYEE 1 169 Wirp |, TAE A B4
WU BT RSk, NE 2 (a) W LA
i, PAWCS F1 SBBS 9% 435l f F 5 v — S0
(AR 2 3 287 A0 [ 38 I e/ IN DG P 5308 (L 1) 5 s
- B BARIX SR BB 35 A5 b S A A0 A 5 SR I
T B T B0 DR N BAR KRR BE A TR , T AR S
TR A BE 8 AR A5 B R T BT 00 AT R R, X TR
2 506 WiE o P2 X5, A e & R AAE N
HISE HAR T S0P RS Ma U2 4 515 507
R—8 R A T P E A e R I (A AR S
AR KRR s D TR . X2t FAS SO
FEHEA TR R A3 ST, 38 2 A Rl A B0 4 13 S0
o B ) A R IUROBLER ) Ty =, AR A AL
(B I8 B SR BRAIE TR 2R 0 2R IE w2, AR
A gk B P e Rk Tk . AnE 2(b) iR, 7E
55253 mih, BAR ARSI E i, TAEA
3 BRI IZ 5l , SBBS STk BE S 15 B AT 1 Jm iz
B AR, AT S O XU LF- T A e e 21 i
PAWCS F7ETCIA BRI )Ry &8 28 12 32 8 H A5 Al 5
OB AR, AR SCR T TRk g2 18 iz shi B
b, W0 T AT AL AT ARAS T 0 B A T8 0
(1) Jey iR 12z sl B bw . TIA Rl A B0 (e 4 13 A B
AR EAE R R 53 2807 R A s 3
I IR DX Sk A i 5 H A, T8 A SR LA, AR S
ST I 25 SR T AL S LT 5 B AT A

R T BIEAR SR Lk bR E SRS A 5L
P, 1 abandonedBox AT 471] 14 A [ o 114 B S
SO FUAR SCER 0T T #1105 H A il i A 80vE
X FL AR B T A i Lk TSRS I T R B AT Y
CDPS 1 SWCD 53k, WK 3 Fis, £ 2 964
o AR SCRE S H A A B AR RE R S R b
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(a) sofatyissi

ST

(b) colorCam?2 A

B2 O DA U SECR X 7

Fig.2 Comparison examples of the detection effect in the camouflage situation( (a)sofa; (b)colorCam?2)

[#2‘)(7-}

(a) FIAII (b) H{& (©) AL (d) CDPS (e) SWCD

B3 b AR ARI AR AT
Fig.3 Comparison of still foreground detection effect( (a)input; (b)ground truth; (¢)ours; (d) CDPS;(e)SWCD)
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K a5 HAr, Wr7ESS 3 748 Wiz J5 , CDPS &k
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SWCD B3k 7E 4 016 Wi Joyk kil 2 # 1k B R 2046
AR SCERATH AR T LA AR A5 D i 82 Mot ) 7 2 T 5
PLAh, X F7E 3 748 i B #5 1k 448, CDPS B
T B S 0 DX 3 ) T S A DR B 7 I 4 it %
Wi 2%, SWCD Bk i TS 5 bR XA AR K
PP, WA SCO i i %) o 715 9, 4 A 2
2 S R € 5 2 P A S R T AL, DA T A
T FEAC T ) PR E 2 L 2 480 DX A ) 7 S e T
Wi e

ZEAr b A T A SR E AT, AR SO
SRR B PR RE AT, AE B0 O ke R Ak T S AR
2RI R RENE S AT 5E A A RGN

4 & it

BEXHETHEA — B R R H o T EAE
ROM IR R AR B 18 20 0 2 0 B 11 i 5t 1Y
S ZRAFIE It kA 0K 0 i 5% 25 ) L, 4R T — Fof
FET B BRI GE T R B0 A DN R
G SR AR B (0 £ P A B A
RN R BEAT 8 N SRR A 4 {5
FIRLARL ; 3084 30 23 e S0 A A WA T L o 1
b S F b R o P ST B4 B /N B RE AR 1 5
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ARSCRTER MG R T SR BT RS I,
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