540 B oM
2011 4£ 9 A

b, R
ACTA PHOTONICA SINICA

Vol. 40 No. 9
September 2011

NEHE.1004-4213(2011)09-1423-5

>R FH AL 5 48 6 Pien oy A5 Y 1) /)N H s 52 24% 9 5 41 o

Rk, A AEE A N B
(P FRHE R o BRI B sb. BOB T 2% 75 71007D)

W EATRINOFZEFEINALETRTH D BARGEMNEE R E T — AL TAL @A
BAER LI D RART R R TR AAA AR L@ AT HITEEAR R BASEEA
Gabor F1 3 B AR K AF AR K/ o9 ¥ hg B 1% R Ja K A 3R 3T 69 B2 tm R e o 09 3F &M TE R R ek R 31
ST EAFH e AR RAT AR AL BIE P BB R ks AR T FME
i RERABAEN BBy S RIFR BARE, T 3409350 B ARG M kIR, LH LR B x,
5 By 3R 4 A A R K P AR R Ok PRI R R AR L AR L 7 R AR A A B A4S etk Ak 69 35 ) B

AR T

K B ARA R 7R B AL R S AL AL 5 2 v B AR

FE4SEE.TP391. 4
0 3

S 5 R 208055 /hiz Bl B A A 2 A
HE R RO K E RGOSR A Z —. B
28 1 A B 9 R L A A2 R 2T AN R
15 AR 2= 2 b T 8% PR A 3R AR DL S AR s b T
FR 23R G 75 50 55 O il D ax 26 5 J 35 S5 0 H b K
TP BE A9 52 ), AT T B4 e S e s Sl g
Pt N g T Ge it ) B R By
RO AT v R I A A T e 3X S Ty ik A DR Dk TR
RE T S 2 U5 Ny M R AT S R O T A A TRk
r R 2 JR A 1A 0 D R e K e (i U I A T S
PEIr AA —E LR TERZ Y G458 T LR
. AE 2 T 5 A Jay T 45 A AR R AR L R Y I
5 s BN == J2 L3 B 00 9 0 2% 3k SR U T VR S T
AR - 70 2% RIS BB A R0 2R 4755 Sl AL
S SRS T HEE 4 1 AR L R R R

BE T AR SCHR M T — O 108 R 5 20 o A
RUR fift e 2L A1 45 55 /0 B bR 15 5 0T 55 %007
REIE IV AS [\ 45 4% bE 6 TG B L3 & L ART A S0 BEAE 2
52 A5 5 IR LB AR 4y B B AR S 5. il ]
S FAEALL 8 21 A0 AR F 5400 ) 25 SR 96k 1 %07 11
AR, 5 £ JR# ¥ {E (Local Means Remove,
LMR) Fil £z K H fE (Max Median, MMed) 3§ 3% 77

MERFRIRED . A

i

doi:10. 3788/gzxb20114009. 1423
AT P B XS LA SE 23 #T

1 E TR E g 21 5p 55/ B 4R
B =M

TS5 A A AR g A 0 R B B Y A, R R AR
PGy 51 v 4 ) 8 5 O O B R0 5 AR K R B9 i
it U e N i 5 DR A S 400 o) £ T i 3% i
FIAR K BEAR B+ A BE DR IE I 25 A6 0 R B % 55 b Bt 2R
A BT b TS E AT AR G X b R A
BRI 2 B 55/ IR AR E T B R R R
s BT LUAIRAE 55708 B AR B BEREMERR o A0 1 H 45
SR 7 7 B ORI R B L U 8 0 T AR R R
I B ARG 00 R B 0 mT LA A 25 9 S 4 ) 5K — e A i
PEATBRER. R 55 /0y H AR 15 540 1 BE 04 4 o6 1
e e s T I T AR G A R TR R R A Y
EAME. EARTELEE RSP RERE LR
H A

i 1o Xt 20N AR G S AR 3 A 2050 55/ H
o e S R A AR A AR R A R TG
FIAR B 56 2 7 8 R P45 b B0l A O i i 19 {HL 55 G
Jir Ak ) Jra S S () 1) 5 RE 2 S BT B T L — B
TR TR S B S 5 R 5 55— T 5 B A A9 AR H
PR S PR 5 R BT S5 1) JC B Ak 5 R 22 S
SRR B R S 24k £ R A =S (R R AT 1] L

BT :HRA KRB S (No. 60902080) , H sk & &8 AR L 55 3% % 3 BE 4x (No. 72005623, No. 72104810) Fl L F #B B 2= B AR WF 5%

AT H (No. 108114) F1 % Bl

FE—1EHE MM 982—), B PRIW, 1, FZEWFIE 7 1 Ry ot i AR K H B (% 4 #E. Email: hlgin@mail. xidian. edu. cn

Y BHE:2011-03-15;f&E B # :2011-05- 06



1424

Jt F

EE

40 %

AEAEAN TR (8 53 A . PRLIEG S ] 4] ] A 0 10 s SRR v 52 4%
£ e 7 A AR o A A TR %) AR R ) R AT TR
I 28 58 JBON S 2 SR A
1.1  ZHAE 0 R 4= 5

TE A= W) A0 5 SN T, 5 25k 200 v 7 AR R A A i
2z 00 AR L PR 2R SR 2 52 2% A B JR 52 BT A ) O
KR, &2 d i 090 R 2 — IR etk ad #2838 X
T 1T B0 0 2k A ek R SRR T A ORIE R Y
BARARAE TN A B A AT A 2 PP A W) 00 . Herh
— A B R N S 2 24 L Y e 10 3R 7R A R A T B4
J S 240 0 e B e S 2 P A EL A R ) 59 1] A
ML 22 /2 (90°) i e N 14 7 7 AL X R
PRl by 24 HAT — g 5 1) R 58 1) 2% 0 R L PR T i R
2 B J% 37 B PN A R A S 4 B ) e A R 5
SR 84 5 12w e A i 7 2T AR A L
RN b VAN I DR R € e I T
7 E F1 25 [B] 4 2R 0 18 0. Ak, Daugman #& )
Gabor PR EL e A58 10117 50 20 o i) Jek A2 7 45 Fte
Gabor pREE XA 374 4% bR BI0RD A 5% 38 8 pR KL
FeFH , =5 (A 18 1) Gabor pRELE XM= (D)

!
g(xsy)=cos 2nv Vx'+y*)
N

) (D

— 2t —
26"
TE T S48 M ] Gabor pR AL R 1Y B AL |, R4
PEIC SR A T SRR R B 2 Rk an = (2)
C/(I):go[Cl(I),CZ(I)]:go{[(;wgl(x,y) .
I(I,y)]z,[(;wgz(r,y)f(x,y)]z} (2)
A, ¢ N E SRR 21 SR oK B, g0 F g SR AH AL
HH2E =/2 (WA Gabor pREL. BV AN 32 B 7 ] 1
ST AR L T (s ) R AR PR 2T AP R
E — P 2 2 0 e o 7 AL e, 20 (2) Rl
PSR AR 4 AR 1) F- T 1L R
C'(H=¢lC (D,C,(H]=C, (H+C, (=
[(»g)gl (I,y)l(x,y)jzJr[(;y)gz(r,y) .

I(x,y)]? (3)
L, O WK “Be B A, an & 1.

9@
| Inputof —r—|G0)

- c'(
vision _—

provoke @ (V
‘*.‘b_*

SR $-F ) Lk %l
Fig. 1

exp (

(Original
image /)

Model of the complex cell response

1.2 E-FHHE AN R AR 2N B iR s &
TR AL AR A AT S i s B ARE
S AL BT b e AL S ORI E A TR Ak B
1AL 55/ HARRZLAM R X T LR Ty ik iz
A0 A1 o — ot T A 4% 5 a5 ) R AT 4 4 ()
Pt AN 2 17 BRL 1) AH Bz 58 T S 4 40 o 5 ) T
200 0 W) 7 RE L RL O3 i IS T B R A P I R 5
C(D) R AR ER HARE 5Bt /37 i 3E &t
TSR B B @ AT AT B TR 2t (4)
C'(D=¢[C, (I).C,(DH]=[C(D)—m]" -
RLCT)—m] 4)
X, O (D Ry 2 & S M5 MX N KN H b
C (D
C, (D)
AL E B U M XN X2 Z BB, M XN

BRI R F b= SO (D, BHA B

@@@Uﬁ{ )ﬁﬁﬁ%%%ﬁ%mm@%

it R= S[CCD, —RILCD, — AT HE R
AU K .

38 3 TR () BT T Y B 0 R 2 PRI 2R TR g
PRI 25 S ok TR AE AL 4 A ER R B AFAE S /N H
FrAd 5. 1 SR 240 it e 7 fig 1 A AL TR AT 55/ HAR (R 5
B2 HXF R i RE B S AR /N I B 5y 25 B R
4D /DN A AR R X 17 T 45 A 8 /N 7 CDD U)K
C' (D FAREMZ A 5575 B bs A 0l b i St 5 ik 2
A 4R MR R 3R W BB 5 A R b K 20 i ) 7 6 AR AR 4y
e I F4 B P 22 1 A5 v A L 19 55 70 B B {5 - A
R 14 Ji R T 7

ASCEE W B B T A A e B A A (Vision
Cell Response Model, VCRM) J5 125 B8 A .

1) B S5 SRR 20 A A8k T PR A4S A 62 AH 25 /2
1) Gabor pR %S B 5 IR AR 43 fifk 4R 15 C) (D)
C, (D ,m=5)

C,(Dm)=I0m) * g,(m) (5)
Krf.p=1.2.

2) 3R J5 B it J5 T8 s P A T T 2R 20 i i 1 B
H s Fs SRR i 2 K& =X 6) , C (D 1
YERR M XN X 2.

C, (I))
C, ()

3) A B B BT 1 AR e P T 3R SR ms R A (=X
() AT AL IR, BRI 1 et 5 C(D h A
M XN KRG E B om (p) s Horb p=1,2, 3
B S RA=CD —m: K B C D i

C(I)Z( (6)



9 4] ZERGIMR L 45 < SR TR 200 M o 2 465 280 4/ R R e A 1425

ZHBE RV 2 X2 RN BE 3 88 J5 158 [|] A2
Hte(p) =A Gaj.p)- WA C' () (i, j) =
te(inv(R) ) te . inv % MR 0 B4 5 £ i g 5%
M><N/M%s?—%,iJr%zﬁ%Eﬂﬂyﬁﬂﬂ%ujtimﬁ%%
AL & B A1 B .

2 XWERSHM

TP A w2 2 14 2.66 GHz il 2 GB N 1E
B PC ML & L 58 WA B 52 56 A8 7 1 183K L g 72 25
554 Matlab 7. 1. A SCE H T W3 20 R JH 48 0 vl 37 A

(a) Original images of frame 1 (b) Original images of frame 2

(e) Result of frame 1 by MMed

(f) Result of frame 2 by MMed

R HEAT 55 /0 B bR 5689 92 m. 0l e g2
128 X 128 K/NHY 2L AR, ' 2 Ca) FiT (b)) 43 51 Sk 1
20 3 v g D 5 TR 2 Ce) R (D) SR B LMR J
BT A B A5 R /2 Ce) (D R Al MMed 7
HEEI b RS S 5 1B 2 () A Ch) O AR SC 5 i 1 b 3
SR AR HRET S PR S B B R 1, Ko SCR,,
H1CR,, 43 9 32 7 i A {5 2% L Fn X e B2, ISCRFI
ICR 43 9 A {5 4% L 3% 5 FOXE HE 238 25, EST Riz 5
B[] 5 BRAS S D

(d) Result of frame 2 by LMR

(c) Result of frame 1 by LMR

() Result of frame 1 by VCRM  (h) Result of frame 2 by VCRM

B2 LMR., MMed J i F8 4 X7 & 8 1 68 bb %%
Fig.2 Performance comparison the proposed method with LMR and MMed

x1 TEFEERELE

Table 1 Performance comparison of different methods
Original information LMR MMed VCRM
Index SCRi, CR;, ISCR ICR BSF EST ISCR ICR BSF EST ISCR ICR BSF EST

Frame 1 1.41 2.66
Frame 2 0. 96 5.51

2.14 8.41

5.92 0.36
2.10 4.32 2.94 0.36

1.89 8.83 5.95 0.36
1.94 6.63

3.64 12.43 5.99 0.27

3.48 0.34 4.30 13.72 4.75 0.27
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Vision Cell Response Model for Small Target Complex Background Suppression

QIN Han-lin*, Wei Gui-feng*s ZHOU Hui-xin*, LAI Rui®, LIU Shang-gian®
(a. School of Technical Physics; b. School of Microelectronics s Xidian University s Xi'an 710071, China)

Abstract: To improve detection performance for weak and small targets signal in complex infrared
background, such as the ground and the cloud, a dim and small target background suppression method is
presented based on vision cell response model was presented. Firstly, according to simple cell receptive
field model, original infrared image is decomposed to two images with different Gabor functions using
convolution. And then, the function of nonlinear convergence of complex cell response is used to fusion
two images obtained for separation small target with background clutter in infrared image. Finally, target
image is obtained by using classical adaptive thresholding method. Several groups of experimental results
demonstrate that the proposed method can segment the infrared target image effectively, compared with
several classical infrared dim and small target background suppression methods, such as local means
remove and max median filter methods.

Key words: Target detection; Background suppression; Vision sensing model; Cell response model



