Opto-Electronic Engineering Art|C|e

¥ & x #

20175 ,5544% , 5 7H

w

00 ..

Bt A B B AR S 4T 41 55 _
R A

ﬁ**%.‘z}iﬁ 123 %u *, g&%ﬁ 1% 100
Urp ERLE B G HE R TS, A 610209; 2 HLFRHE KOt HLE B2 oL
e, AR 610054; 3 rfEBl2EREREE, Jbat 100049 200

WE: /B AAFHEEAELLRRE T, HTRGELDIFNENE D, 2EF @R T T REEE 4
125, SR E B H IR E T A G 2 A M, AR T At R B Mo ARk ok, BBy
HxAIEBARX BE, ARG FEHILEE A E R REERAN, REIFRE N BT F, i" BRI
Be . KRR, HCEeGH R BRI S AT B H AT 2 E], BRI T AT T El

FHRA: 55 B AR AREBIABGEK; FRITHE; AERAHK

FESY2S: TP391.41 XEktRERE: A
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Abstract: Dim and small infrared target easily flooded in complicated background. In order to improve the ability of
target detection, the background is often suppressed to enhance the target signal. Referring to the lack of robust
adaptability of the gradient inverse weighted filtering for background edges , an improved gradient inverse weighting
filtering algorithm is proposed through the establishment of background local correlation function. The use of back-
ground local statistical characteristics of adaptive filter parameters, can better adapt to the drastic change in the
background, and improve the ability to suppress background suppression algorithm. Experimental results show that
the improved gradient inverse weighted filtering could effectively suppress the background of images, presenting a
superior overall performance to other background suppression methods.

Keywords: dim and small target; gradient inverse weighted filtering; background suppression; self-adaptive param-
eter

DOI: 10.3969/j.issn.1003-501X.2017.07.008 Citation: Opto-Elec Eng, 2017, 44(7): 719-724

s EHE: 2017-02-21; YWEM&aizsHER: 2017-04-28
*E-mail: xzy@ioe.ac.cn; jlin_zh@163.com

719



OEE | Advances

it

1 5l

LSRR AR e -5 00 s i o g
HNABRTP R RIS A SR 20, HMRIE
AN SRR B AR S LA S A g A 0[] I 2] {5
g/ NARRE R R D, SRRSO,
BRLLAR, AMEBAE AT R, R/ A R
AP AR ER AR TRIER . B4R 2L Ahss /s F AR B A
IPUAREST, SRS LLSMEMGR S 2 A T A R
T SRR AT A R 2R S T
A R D R T 55 2 23 AT AR SR e A ]
H AR R B 20 B W R SR
EAMGEIERE . HEIERY | BRI . " 4R
/NETTT 2208 TDLMS® | RG = HT JEFEoothit
AR BTN OIS R S O XA e A 1
AR, W ORES T AR AME.

BEXE EIRTIIERIANRL , B GEFLUO AR A Bt
Sobel 5 TR BRIV SH LR B, a5
T, A WANG 5 AR 1A% o) S PEug oo AR
SRR BE R 250 E AT 0 B R S B S 0, A
JERBE T IJEA% 1) S A S JE A 7 S h AR RETT
TREFHYIMHIRACR , SRTIX MR RVEA B A AR 5
TR FAR S S22, MRk EERIEAELLIX 7 H
PRAISEASE T 57, T BUIEIR 5% A ISR AR T 5
% BB R RO IR AT R A RO PR AR R 2%
PRIBEST, FFHBIASCREATIT SIS, Hi T HA
RS HORBEARE SR AT S Se I, Oy 13
SR, ARG SR X I AR S T R
IEWSRL, MHA IS N R VR 5, Ry
S fE

2 BERBIEKIRIE

BUR KINHK Mx N, M, N UG & R SE
FEQrD)xQr ) AR, XFEG i B M50t e X
FREEEIE, BARASH

it f'(x,,k)# f(x,v,k):

1
FACSNSEFACRWITE
it f'(x, k)= f(x,y.k):

T, (m,n,k)= W

T, ,(m,nk)=p.
HA: m=—r—r+1...0,....r=1Lr; n=—r,—r+1,...,
o0,..., r—Lr; x=12,..., M; y=12,..., N; p>1;

f',k) = f(x+m,y+nk) s kAEBRIWIFIG .

720

20175 , 55446 , 5 7H

AR 2 48 30 45 SR JT 09 1 — Ak I AR &R 4R
Hw(m,n,k)ﬂﬂ
if m=0,n=0:

1
H, (m,nk)=—;
! B

others :

()

T, (mn,k)

7 r

z ZTx,y(m,n,k) .

m=—r,m#0 n=—r,n#0

U BB L 15 500
Sy 0= Y S H, )% k), ()

AT e 5 S5 0 s ) 22 0 IR
f‘B(xsysk) :f(x,y,k)—fp(x,y,k).

3 BERIEE BRI BURK

b HE AR BSOS I REAT R il K T AR 57, (H
HAh B8 p w5, JCTHRE R
SN GERZASAERE N PE . S, AL S X
MG SEL B, (RREE BRI IS I BAT B
U B0 38 JOE P o R IS DX R S T R S e
R(x, y, k) KAt o AFCPRECR(x, y, k) Fm N JRIX
RN K BE A R ZEME R B A, BRI

1
H, (mnk)=(1-—
oy (mons k) =( ﬁ)

(4)

it f'(x,y,k)# f(x,,k):
r r 1
R(x3 Y, k) = z Z , S
m=—r,m#0 nzfr,n¢0| f (x, y, k)—f(x, v, k)| (5)
others:
Revk)= ¥ ¥ 1=@r-)r
m=—r,m#0 n=—r,n#0

H T2 MR RE SRR f(x,y, k) BAMIE
IR EEAG R SR AEUED R AIRUE. NI, 183 f(x, 3.k)
IR R B R(x, y, k) TS

TIPACH NI
S(x,p.k)
R(x,y,k)=(2r-1); (6)
others:
R(x,y,k)=0.

FErp R ¢ BYHUELNE % 18 31 P FR B2

S D) D BE (BB BGIE B 9 28 B, SO
R B Frn . BHSERIL, ZERIFRMEBOC, B, B
ERBR, B, 2 AAE KRR R(x, k) AR AR
PEN R, ASCrPeR MR R, BRI



DOI: 10.3969/j.issn.1003-501X.2017.07.008

Br=KxR(x,y,k) ,
Hrp KOIEREL
Rk, HE RO T SR E A
f@yﬂ
f[————=[<c:
S(x,p,k)
Tx,y(m,n,k) Brs
others:

(7)

1
| [, 3, k) = f(x,3,0) |

K (@) A (2) BV AT 15 21 5 14 4B 3k P 4% M5 T
A — A IR BB H | (m,n,k)

4 ZW5MHE

4.1 FNHE

KA T iR2E MSE(H Bus Fm) . S5 AHUE
SSIM(FH Ssw 57 ) FJE (5 e L 1 25 GSNR(HH Gong
7R) AR R R AT S HISOR

1) MSE T3 5 5 EGOR B 5075 s KR
FAX AR EEZ I EERZ N, AT

T, ,(m,n,k) =

1 N M )
EMS _M_N;;[R(xay)_F(xay)] s (9)
Kr: FOIONETAS T SIS R MR MR E

Srab B

LR M, N R EG K5
2) SSIM FHTFIFMFimE & &
JEAE T 25 kM5 BRIAR I T AR,

Uy :N_MZZR(X ),

x=1y=l1

0= JNM DDALCRIE

HAT b 44
= w I

(10)
F
Orr = 1;; R(x,y) = teI[F(x,¥) = g ],
S. = Quptty +6)20k +&,)
o (Iu]zq+lui+gl)(gz+ai+gz)'
K. FL RO M. NEXR by p, R ESTE AR

FEHE; op FREI SIEZ; o FORESTY
FHBMTE ST E; & Mle, A/INEE, FEH)
AN 0,

3) GSNR &y N Wit EZ 751 i) it i A {5 148 LE LB
MIXME, AT

8 — &
> ~'SNR

(RSN -ou [)
Z;‘ (RSN in

A g W EBRXIEE, g, J BRI X
T RIIE, o 8 BARITE Rl X kAR .

Ry =

(11)

721

OEE | Advances

4.2 fHEFEMEG

SIS MR ESTE Matlab2012B H3EA T, %54 win
7 (32 i), CPU Wy Intel Bi% i3, WIFF 4 GB. EIG%HE
KM TR, EUROIIRE ] 8 1,
K H bmp A& T

4.3 ZERE5SH

ST BEAR SO B 38 AR R, A T
3 Fhidgst AL B A C i TR, BASEOREWT .
AR =5, W =2, LVEREK=2, rB¥EHR
K/NKRPEE, —BIER /NG 2 2 5 4%, WHRK
INR 3x3 BPREEN r=5%5;5 ¢ MRPESEE I R HiE, B c=2
BB KRGERE, BORTHT 1 HEE

Kl 1), K 1), K 1(c)7r5lh 3 FiARlalg 5
[ 2L/ NBRER, 4 5lbRidh AL BL C
K5 (al). (b1). (c))MIRLRLAMNEIS (T T HERRIN
HEPR); (a2). (b2). (2) WEASCRYF LIRS 1T
Bl (a3). (03). (B)NEFE(H—1L); (ad). (b4),
(cA) 20 EN) =4 Bon .

B 1A LUE T, ANETE RS RS T
WRRIZVER =28, RS S E RN, &
SCHYBEERREAR A MK ST i ok, HORSSHaiE
MGG TR IS, R ERE T BinE
REHELL L, RIEHE T R Sl g dn 1y 5 1Y

[, A T B EAR SO SRR L (VT 2.3 dB)
EUG I PERE , SRR D 6 WA [FIE M L ik
T80 s HARSC A, X Salb T T, A
S A2F TR CRF 5x5 1Y “diamond” 4544)) . TDLMS!® |
ZRFILAFCRM 1x1 & 7x7 1) “diamond” %5H4) .
Top-Hat A1 SRk [12] A6 BEEIEOMAL (2RI AR =5,
S8 B =2) ML BT, S RIE YR 2E MSE,
ShEFFRRIME SSIM FURIFREME LLIG 25 GSNR =/ M8t
KAPM LML IS SR . &4 SE g4 R an sk
1 B3 4 FiR.

MSE FH T3 B S 5 5 T35 506 AR 2R (H
SERRZERRN, BN, RSN, ULRH TR
RS, SSIM TP LA 50 5 T 5 LT 4544
A5 EPAR IR RS, YT 1, B Szl
L. GSNR Fon NWIEMGFEM: L E , HAE 8K,
VT S0 J5 9 22 53 MG B A sl R s 3d
3%} MSE. SSIM Hl GSNR =/MA:AEFE AR/ H7 AT LA
Frib, GRS AR BRI AT S 0 v i T Ak



OEE | Advances

SRWLRAL T HAR T SN L

AP EIUEE A 2.14 B —MWiEE, SRAISCH
LBV TTEER T AT I, SCRRAT R I 2 PR
HlE 22 -, CHBGREIRT BRI ;
K 2(b) WIS A1 S 00N B 2200 PN =425 8] 2(c) M

(a1)

(a2)

B 1

20175 , 55446 , 5 7H

TDLMS 5 5 T S 22 0 f =4 5] s [ 2(d) A 2 RUEIE
AT R e 22 0y M =4 ; &) 2(e)’y Hop-Hat
ST K 22 A =HERL 5 1A 2(6) i B RO A g
TR S22 M =25 18] 2(g) AR SO kT 5
I e 2253 T =4

(a4)

300

200

100 200 300

RRo00 | 300

ALI RN TR YT s BEG T T4, (al)~(ad) AEB A SRR % A RE(@1). KROFTHE

(a2). £ B (al3)R £ 5 BTt =4 B (ad). (b1)~(bd) K EF|E 55 2%% B 69K A (b1). KIRFFH(b2).
#E 4B (D3) B E 45 BT 6 Z 4 B (b4). (c1)~(cd) KA E A A= CoRE(CT). FIRNTFHE(C2). £4H

(CB)A Z 4B 2 i1t = 4 B (c4).
Fig. 1

The results of background suppression via the proposed algorithm for different infrared images. (a1)~(a4) From left to right

are original images of scene A (a1), the background map (a2), the differential graph (a3) and the corresponding 3D map (a4).
(b1)~(b4) From left to right are original images of scene B (b1), the background map (b2), the differential graph (b3) and the corre-
sponding 3D map (b4). (c1)~(c4) From left to right are original images of scene C (c1), the background map (c2), the differential graph

(c3) and the corresponding 3D map (c4).

A1 6 MBARERLE R
Table 1 Different SNR of images.
i 1 2 3 4 5 6
(L34 2.25 1.96 2.14 2.02 1.91 2.21
k2 AFHFFME MSE 1Ak,
Table 2 Comparison of MSE derived by several background prediction methods.
ik A TDLMS® ZRBFRAS Top-Hat Bt g ATk
1 184.418 58.962 12.654 11.325 11.132 9.654
2 189.079 65.375 14.323 13.256 12.032 11.637
3 186.765 60.176 12.546 11.781 11.686 9.785
4 188.426 62.655 11.2445 12.324 12.265 9.845
5 189.741 65.322 14.634 13.873 12.233 11.836
6 185.251 59.458 12.276 11.417 11.243 9.766
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A3 BHFHN Gk SSIM A L.

Table 3 Comparison of SSIM derived by several background prediction methods.

WigL I TDLMS® EAN S Top-Hat? kp A2 ARSIk
1 0.564 0.753 0.785 0.895 0.939 0.992
2 0.406 0.517 0.603 0.754 0.823 0.909
3 0.516 0.693 0.727 0.831 0.857 0.982
4 0.517 0.625 0.687 0.768 0.865 0.919
5 0.468 0.506 0.592 0.721 0.845 0.903
6 0.581 0.742 0.757 0.873 0.928 0.989

k4 ZBHFHNGE GSNREILEL.
Table 4 Comparison of GSNR derived by several background prediction methods.

A2 TDLMS®! ZREEES: Top-Hat? B g4 AT
GSNR {4 3.2214 4.5637 6.2845 7.3562 8.6754 9.8874
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Fig. 2 Background obtained by different background prediction methods and the resultant difference graph and 3D images.
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