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Image background clutter modeling method based on directional

selectivity mechanism

Miao Xikui, Zhang Yanxiu, Zhang Hengwei, Liu Xiaohu, Zou Qianjin
(Key Laboratory of Electro-Optical Countermeasures Test & Evaluation Technology, Luoyang 471003, China)

Abstract: Inspired by the direction selectivity mechanism of vision system, a new image clutter modeling
method was proposed and applied to the target acquisition performance evaluation of imaging system. Firstly, the
gradient direction of pixels was used to simulate the response direction of neurons in the local receptive field of
the visual system. By comparing the gradient direction similarity between the central pixel and the adjacent pixel,
the relationship between neuron "excitation" and "inhibition" response was simulated. The visual pattern was
designed based on directional selectivity. Secondly, considering the sensitivity of human visual system to
brightness contrast, the brightness contrast was used as a factor to weight the visual pattern histogram. The
background clutter was modeled in the weighted histogram space. Finally, the relationship between background
clutter and target acquisition performance was deduced, and the target acquisition performance evaluation model
of photoelectric imaging system was established. The experimental results show that the target acquisition
performance evaluated by the proposed method is consistent with the actual target acquisition performance in the
field, and is superior to the existing performance evaluation methods in terms of root mean square error and
correlation.
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Fig.1 Illustration of the excitation and inhibition response of neurons in the local receptive field
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Fig.2 Visual pattern based on the directional selectivity mechanism in 8-neighbors
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Fig.3 Directional selectivity vision pattern of target and background clutter
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Fig.6 Image gradient filter
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s N RN T C RO
3 RBWIETSEERST

3.0 XBHEERSEHEE

R BIE SC R 4 H 0 BEUGR 2i%  SRAE 7 vk A Rk
A A 22 B 52 0 B2 B (TNO) T 42 {1 Search_2
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Search 2 MG B A & R [ B 2 5 = 0 B L
BEIR MR A& 2 B Ax, b 64 4 Lk
5235 2 55 10 % 4 W VA 1) R 480 2R A0 B ) B

N T RUESC R TR I, SR R R T R
FHI 5 5 24 U RAE 6 5 30 ik kAT T e X
B dsge ity 22 8 5 (SV)P BARGE A AL 2%
U % B (TSSIMY®, ik T i 2% WE 38 %% B (19 % U 5 &t
(POE) | 3 T AR AL 52 45 1 ) el 15 25 4 22 5 1k 2 D
JE R (VSDY'O, 51 A B 43 A1 RRAE (4 MR T S 2= 0
it (ESSIM)!™, R )77 #1532 2% (RMSE). Pearson £k
PEAI I Z 8L (PLCC). Spearman B3¢ £ %L (SRCC) =
AT bR R JE o B 44 U B AR AR BOCHE RE B 5 =
LS 56 FAR 1 — B0, DA 5 75 S 2 0 8 BT ik
FRPE B2 A Ak . Horp PLCC. SRCC KB, REMS
R/ NERET o =AY B R SCAT S35 30k [12]

3 T T AR R R 1 E bR R HCH I BE S
EWVEEE H ARSI B (A% (PD). &A%
(FD). HARAEZR N [H] (ST)) 2 8] Y15 22 FAH AR T
Y Z 0 o R A AP . SR 38 1145 ZE Wilson 42 H 1)
H AR 3R ICH: B8 S0 A 7R A SRy E AR 0 ARE 5 T AR A |
H b i 2 2 B A Y | bR 8 2 [ 0] A5 A T
FE SR

PD,e = (C/Cs0)" [ (1+(C/ Cso)") (13)
PF e =A=(C/Cs50)"[(1+(C/Csp)") (14

Tpred:x'c+yngpred:x/(C+y) (15)

Kb CHTF OB A [ A4 B 52 {H; A Search 2 4%
it J2E v A T P A %) 5 4 00 ABE 2, A (B R 0.9981¢);
Csoh 50% PRI T X i 2% i Bl . E. Cson
x, YRR RAL S B, AT AR S 24 I R B 5 S B H bR g
v ReAE, A e/ vk s AR M AL A 3R
XFF H bR R R A (A2 (14), Y HRE R
) 5 % 00t 5 L ) R /NG FR S o I HE A9 =X
(R ); U LI, B i 2K ()
32 XWHERSSH

FIH SV, TSSIM, POE, VSD, ESSIM & 3 1 ##
HA B 220 B 4 SR 433l % Search 2 %4 12 i) 1] 15 32F
Tz flivt . R RAS 80 240 ECLL J Search_2
B A A R % ds (PD. PF. ST 1 B
{ED) XA I H FRRIBCHERE B (RIAZL (12)~(14))
PTG, IR B NS HEE . Cson x, y HIE LA S 24 38 T
W BRI R PD,, 0. BB B MR PF 0. BAR
R RIS T,yyeqo A H AR B BEBUNE (PD,yea
PF pe0s ST peq) VA Search 2 ¥4 2 $2 48 19 32 00 H A
SRHEREELME (PD. PF. ST) B AT 3% 7 B9 3F 0 48
Fr PLCC. SRCC, RMSE, # 1, % 2, & 3 435l Jy 3
TP EREA PD . PF . ST (R 2240 M A M43
Procgngs A

*®1 BERREEFZS5BHFRMNEEZ BHEX S
Tab.1 Correlation between detection probability and

clutter models

Clutter metric Cs E PLCC SRCC RMSE
NY% 3.8739 4.0679 0.4196 0.6432 0.1513
TSSIM 0.2529  —3.9987 0.5799 0.7100 0.1357
POE 121.3247  0.7772  0.4446 0.6398 0.1387
VSD 0.0879 3.0248  0.751 0.752  0.0718
ESSIM 0.6204  18.9565 0.870  0.806  0.0569
SR, 16 0.9732  14.0322 0.879  0.813  0.0541
SR, 0.8569 16.8765 0.883  0.815 0.0549

VAN T RIS S A AL 15 3 09 B AR R
DR 2% 55 52 b 3 UL 00 MR 58 22 [ ) A DG 1 S 24 07 AR
LM G458 . SV, POE. TSSIM 1) RMSE ##%
K, 4y 9k 01513, 0.1387. 0.1357, H PLCC Al
SRCC % H At 77 1: #3AIK, 32 W] SV, POE. TSSIM 2%l
B S WA S — k2% . VSD Ml ESSIM [ RMSE,
PLCC #l SRCC R BUARIL T 1 —Fh 4k & £, R WA
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FH VSD 1 ESSIM JJr Uil 1% H A 42 D0 4% 28 o 1 Ji2 4%
o AHJE SO AR Y 24 P SR . SRy M9 PLCC
H1 SRCC b H: Ath, 1 A Z e 5 2 %R 5, PLCC 2 0.879
(SRy1s)+0.883(SR ), SRCC 40.813(SR 1) . 0.815(SR 1)
1fii F. RMSE /IS, 53314 0.054 1(SR )« 0.0549(SR ),
2 B R FH SC b i 2% ke 3 0NN (9 R 000 AE e 5 LR
T ARE 48— B B hF

R2 BRBEEEFESEREEREZ BHEXME
Tab.2 Correlation between false probability and

clutter models

Clutter metric Cs E PLCC SRCC  RMSE
Y% 59179  2.6791 0.5924 0.5366 0.0762
TSSIM 0.7002 15.7001 0.6910 0.5450 0.0830
POE 45127 0.7856  0.6180 0.5541 0.0821
VSD 0.0815 2.7751 0.809 0.774  0.0511
ESSIM 0.6003  14.2259  0.845 0.832  0.0459
SRms 0.8761  8.8754 0.842 0.832  0.0451
SR, 1.5422  6.6767 0.845 0.834  0.0462

250 T R A S 4L PEAE 15 200 B AR R
AR SR R R R AR R 2 [ A A Dk B X TR
REMG TSR . TR B ARSI 5 T 25 B2
SV. POE, TSSIM 7£ PLCC, SRCC, RMSE J7 i 1/} #&
JERE NI E R . ESSIM 5 VSD 76 il i 4
MRSy TR REAL T rh A5 7K1, TS B2 1 i) A ipl o
SRims+ SRayg TN Y M 5 A0E 38 15 3 W0 HR 40 2% 22 B/,
5334 0.045 1(SR ). 0.046 2(SR,,), T FLAH S M: 145
7, PLCC 2 0.842(SR 1) . 0.845 (SR,,), BEAILT ESSIM.,
SRCC H7 0.832(SR,y), 0.834 (SR,,o), T HoAth i

R3 FEREEESBERERMNEZ EEXMHE

Tab.3 Correlation between search time and clutter

3N T A S AP AR S 2 00 H bR
R[] 55 S PR 32 W45 2% B (1) 22 8] A8 A Sk e 3405 AR
REMGT AR . RS UL, £5 2%k B -2 i 7] £ 482
2 B 18] 76 A 56 M 05 I (PLCC/SRCC) Al 5 #Y i 2
(RMSE) 77 1] 38 i 1% T FR 0 ABE 25 1 o 8 MR 23 9 4 DGk
YRR 2, 1 FL RMSE Wb k. FE RN
T Search 2 U4 PR v, N [R) AE 3 r 46t ) 2 W R
IFEIAHZEFR K. SV, POE., TSSIM {54k &Mk e 25 11
e BE AT s, SRR T A B i SR g SRy 7E
SRCC I RMSE 75 T & T HAth 1. Fh A2 J7 125, SRCC
) 0.6045 (SRyys). 0.6051 (SR,,,), RMES Jy 2.1143
(SR;m)+ 2.1138(SR,,,), 7E PLCC Jrifiitk ESSIM 2% PLCC
4 0.881(SRymg) 0.875(SR,yg), H A F- H: A% I i 2% U
5 idie

25 FRTIR, ST R H Y A IR B D7 VR A T PR
HE 5 11 7 M R B, AH DG M (PLCC/SRCC) K ¥
FRI% 2% (RMSE) J7 1 #48 F X8 EE A 2% 0% i ik s 7
TR R, BRI PLCC WF4h, A1tk SRCC
T MR 1R 2% (RMSE) ARAfT X b il %0k B 58 75 1 o
3.3 REF EE U RET % E R RS E &

KT AT 2 (6) H TR R R 2% AR A R
THr HIBEE R 30, 4°, 5°, 6°, 7°, 8°, 9°, 4 # ] i %
PERL A, SR G AT 2 I, B IS 1T A AN ]
77 [ AR RL I [ {7 %52 69 PD . PF . ST 5 = Wit 4%
B RMSE, 3% 4 Fis, PVAF (11)SR s 24 WA
J5 3 R, AT 5 AR L A 43 S 30, 40, 5e.
6°, 7°, 8°, 9°Hs X i fY) RMSE.
x4 AEAAEBMEBRETBRRUER, BREZ

R, B REESERNR LR FRIRE
Tab.4 RMSE between PD, FD, ST and subjective test

results under different directional similarity

models thresholds
Clutter metric x y PLCC  SRCC  RMSE Threshold T PD FD ST
SV 8.3006 —2.0684 04635 0.6583 3.9075 3 0.0754 0.0772 2.2656
TSSIM 0.5255 —0.7245 0.4230 0.7562 3.2510 4 0.0672 0.0683 2.2078
POE 995.56  58.4036 0.6156 0.7505 3.8601 5 0.0594 0.0507 2.1592
VSD 0.779  —0.0633 0.756  0.5280 3.1501 6 0.0541 0.0451 2.1143
ESSIM 0.5792 -0.6074  0.897 0.5950 2.1287 7 0.0589 0.0496 2.1672
SR, s 0.7654 -0.7621 0.881 0.6045 2.1143 8 0.0622 0.0645 22134
SR,\g 0.8012 -0.8104 0.875 0.6051 2.1138 9 0.078 1 0.0785 22704
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% 4 ML R A IS TE T )7 1) AR A 6°%8 N
Hif, 55% 30k [21] — 3.

4 &

ST B PEDLH R S, SCP R i — Bk 7 1 sk
PSR, A St T —Fh e i 107
W, IFHESL T 2RI S H AR RIBUPE RE =22 W] A9 5 R AL
A, R 7 16 2 A A A R AR B 4
AE, FAA TS I (R 25 48 BT 18T LUK, o TR B0 LE A
AR N7, X AR BT EDINAS; B, AE A 7 P
7 () PR T SR 2R bR 2 ) Y 22 ok e AL
R SLERAE R, SO 7 A BT EAG Y H AR
RE-S5 M7 Br F AR AR HOVE RE B A e i — 2o, i L
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