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Multiple Resolution Bilateral Filter for Infrared Clutter Suppression

ZONG Jing-guo, QIN Han-lin, LIU De-lian, YUAN Sheng-chun, ZHAO Xiao-ming
(School of Technical Physics, Xidian University, Xi'an 710071, China)

Abstract: Complex background is a major factor in the performance of the infrared search and
tracking system. In this paper, an infrared clutter suppression method based on multi-resolution
bilateral filter is proposed to solve the problem. Firstly, nonsubsampled contourlet transfrom is
adopted to decompose the input infrared scene images, which extracts multi-scale and directional
detail features of the image. Then, according to the difference between target and background
clutter signal, bilateral filter is introduced to suppress background details and enhance target
information for suppression background. Several groups of experimental results demonstrate that
the proposed method can detect the infrared target image effectively, compared with classical
infrared scene background suppression methods, such as two-dimensional least means square.

Key words: Target detection; Clutter suppression; Nonsubsampled contourlet transform;

Bilateral filter

0 518

ZLAMY IR R AR GE LA — I T L0 AR ST 1
ShA AT R G BAT B3l AR | Bl vk 47 o B
ESSN- PN R (AN R SR LR S S
{ELSER A% P BRI vh 2150 532 2l LA B0 A 0 i el — 2
BB LT AR I BT S HE £ X T BT
AEARTT S 55 H bs TR TTER 20 351 9 7

TETLP R A O I T 2R B AT R AR | VR A I O
BRI IX 28 H AR U 25008 21 8137 55 18 0 A7 T Ak B
DR 1T S B ISR R R 2% He. s PERE Y
2% A ] s 1M AR G v R T O B 1 — T AR O PR
AT AF R £ 50 55 F AW ) J5 1545 B ABOR 1Y &
J, F A s Sl AT N B AR R B 4y O
P AR UR P T I X BT I AR IR PP R L A U A AR
JO7 A AT S B D5 1 45 A TR e 4R /N

EE&TB:HE A RF IS (No. 61107007) FI 7 e &5 8 5 A BHIF L 45 2% (Nos. K50511050003, 72005623, K50510050003) %5 B
E—1EE S E 979 Pl L Mt EEBEIT T N LLANRAR G RE LA H AR K. Email: zongjg@126. com

s B H.2012-06-28; R A A H#3.2012- 09- 28



242 * T

¥ i 12 %

iR 72 Y€ I ( Two-dimensional Least Mean Square,
TDLMS) 7 n] SE B J7 11 2 A — s i AL 4 IR 7e
REG G T PR . B2, Y sl A
R O R A = W B 4 8158 4 R N v o R
Uk QNS E: € RllE TR L3I A SN

N PR EL AN g 55 2R WM R AT 55 A SO 2
YRR ROBGA IR B A S G R T — M £
3 BER A IR A AL B A R X G BE L 2% L
ful FRSC A W A A 37 5 G 5 L 288 R 43 B H bR
159, R EIR LA 5 GRS TR  iE ] T A
SCIT 5 A U
1 BETFSHoBERIVARENVLIINGS

Z iR 0
1.1 FETRERE KT

JET F K% B I A8 #E (Nonsubsampled
Contourlet Transform, NSCT) ¥ R B 43 i 5 J5 I
GBS FEHEAT N 1 R, Bk AR R RS K
U i 2H ARAT R 1) 22 ROBE 23 il SR R FHAE R R
D7 1) 8 s 2H RS 34 1 25 A R 7717 2R BR1 Rk
13275 181 53 ik o DTG A% 3 AN [) RUJBE F 7 1) 1) 54 &%
BOEMR . 55 56 B AR 4 AN TR 0 s NSCT A8 4 214k
PG 1 4 i R R 8 1) A R o, A X DR 0 LR AT
T ORAEA R RAE TS NSCT AR EF
THEZREIU ik BRA N Z RE 275 1H
A Kz R 3 1) 2 0RO 388 Jmg 788 A 1 T Lk LA B
AR LA R 4% iy R = ) A AR [ RO 55408 R

.
u
NSPFB~|:
g

| I [ [
iNSDFBﬂ Passbands
B 1 NSCT p 47 & A
Fig.1 Scheme of NSCT decomposition structure

NSCT J3fifp &ty W B 1 B 7 » NSCT J2: i 4>
XUIHL T AR T SR 118 JBE A 2 AR 45 5 R SE B L 3 A
UE W aw Ry ) o AR R R MR B U R Dk g A
(Nonsubsampled Pyramid Filter Bank, NSPFB)
T KA 7 om g B 4% 40 ( Nonsubsampled
Directional Filter Bank, NSDFB). ¥ J& & K 14 &
NSPFB 43 fif J5 145 2] 09 7 i 5 4 KR 7 5 A 2
NSDFB v a] g8 45 5 04 3 75 1] 45 2, o DA Al e e
S B ) 22 ROBE TN 207 ] 43 .

Lower subband

Passbands

|

Image —NSPFB|

1.2 MAEK

5% 5 08 W 5 3k AR [ Y J&, Tomasi
Manduchi 42 H (1 800 58 0 78 5 K 48 358 [w] i 2%
JEABIAG R 5 O AR Z ) A K AR AR B A AR L]
P T e i 2 CFE 552 B {1 b R R i Uy
K R R B TR L A AR R X A8 e e
B 3 PN P AR ) A5 2 T A KRR, S 22 U i
T HA /N, P IL 3R A A R S K B 4%
Tia] S5 P U S M i ASCATL Tl (R T T 0L 3 08 T vk AE
PRAF BR300 25 11 [R] 6] 3R A5 1 B 15

H XA U B T JUART O R J 3 45 A
AEARLPE S5 15 2 O A, LA 6 AR R JR 3 45 48 1 O X
AW R R R HRIK AN

BLF(m)(p)=£w<p,q)1(q)dq (D
X I NEEL.p Mg HEBGPERREAE, QL
TSR LL p Rl 1 R AR I X ], BLE (p) Ry
2835 XA IR I AR ML R B w (pag) = wy
(Pow. (p @) KT s ws FIRRIEIBRE p FlqgZ
) AE R B B A IR R B s, RORT p Mg (i 8
1% Z K FE R A EAE . wa A w, B BEBOT 2

1 Cleql®
wd(f),q):zl(p’we ” 253” (2)
w.(ps) =7 (;’q)e**‘”—L““ P (3

| p—q

J—ZE:EP9Zd(paq):eJ.67 ;Z‘L dq,Zr(P’q):

0

[ s 4 o T o0 R 7 1A A

I HyRE  HRIAR 2R 8] 10 K RE (BN PR B AH X 5 Im CP)
i TCP) Ry AR I8 25 ).
1.3 ZREWLIERE

LACL (). CLi(p)Go=j=1 =121 ) R
R FHAE TR SRAE 58 B8 e A2 H o fifk 5 25 > 1l R 40
T Cl () AR T4 250 CLL (p) g & A 8 17l
B RSy ES G RBEEFNSS L J5 ) i 14l R AR
RS p N TR RBON L E. L, Al N BT
Rk N

Climam)= 2 w(p,Cl,(m—pn—q)=

wT's ’ (4)
38 DX Gy ) A ARS8 MAL R BT w Ry

1 _le—ql®> _INp=N@I?®
ur(p,q):me PEANNC 27 (5)
. Cle=ql® AN =N@?
;T:EEP JNr= E e 273 e 2:73 5O ﬂ:‘n od ﬁ%u

g€ N(p)

P2 ] - e A 2 8] B BCAE AR S L 4 0 o R R
{8 R HCBE B AT B N Cp) 5 SUR VL BRE CL o (p) Ry
HU AR A 1a] L Nr 2 00— A0 & R iRt (4)



2 39 SRR IE L AF T 20 W AR B IR B B 4150 5 2 b ) 243

I SR Al C 5 iR 7 AR =X (6) s
RIATARA A 55 H AR A5 22 741 R C ).

CE,(m,n)=Cl,Gm,n)—CP, Gn,n) (6)

D] kg B0 108 Y8 A A 58 B e g 2 ) 0 BR JBE J58 7 o
DRV HAR MG G HAUE w ACH %S A BE B AT G
17 L3 IR (B /N A O CHS BB 348 0L 75 5t A% I &
BORAC B I AR 00 7 5 R ) e W 4 1l R A 2R Y
=2 NGE 5oy HA E AR 5 R fE

2 RBEERESDH

T R AR S 4 T TR 0 2% o R R AR
SCHE I O v L 52 B 1 2141 3 I 2% i o
W A5k R 26 25 F 4 B K/l 128 X128 B 4L
SEEME T H L 1 R bR T AR R AR A H L XF
FEEEARKT 10% Gl 2 24 I T —2 1
BEA SRR I 2= D A o 1 i NSCT 43 )2 80k 2,
o Ml oa A3 B 0. 2 F1 0. 5. Ve B2 L i) — 4 e /N 1Y
FiRZE T BAE NS . B 2a) 4 5 % B A4S 51
1 — ot S5 & ]2 () Sy A S5 15 1 A 30O L [ 2
() SRR AR S5 vk HEAT 1T B0 1R 43 % G i 25 28 L 14 2
(D)l R ] 4k fre /N34 05 152 22 7 1 1) Ak B2

B & 2 AT LA ) e A AR e 2 AR i 5 i Ak 5
=2 BAR e W AE AP b R 4k /N4 7 i
LB G, H b BARAS 2) T B (H 2 =2 Wik
G IV B A RO B AH SO 28 R i % ST I8
o T (E 2(d) , XAER S SRR RS G
S5 114 A 0 R B S AT

-

(a,) Original image

(b,) Result of proposed method

(c,) Segmented result for (b,)

(d,) Result of TDLMS
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Fig. 2 Performance comparison
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Table 1 The EST of different methods
Index TDLMS/s

Proposed method/s

a, 0.59 0.71
a 0.58 0.73
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