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Clutter suppression method based on DCT in wavelet domain

ZHOU Ning, LI Xiao-feng, LI Zai-ming
(School of Communication & Information Engineering , University of Electronic Science & Technology of China, Chengdu 610054 , China)

Abstract; Aiming to detect dim moving targets in complex background, the low wavelet belt was frequency filtered to suppress
background clutter and get the residual image according to the different frequency characteristics of background clutter and
moving targets. Firstly , performed the wavelet transform,and operated DCT of two dimension to the low wavelet belt( LL) , fil-
tered the lower frequency components of LL by Gaussian lower pass filter, and then did the IDCT to the filtering results. Opera-
ted the difference process between the pre- and after filtering LL. Finally , carried out the inverse wavelet transform. The experi-
ment results show that the residual image obtained by this method has very good Gaussian normality and independence, and the
average gain of the target’ s neighbor SCNR ( signal-to-clutter-noise ratio) is improved above 2dB, compared with the image
frequency filtering algorithms. So the method has better performance than conventional image frequency filtering method.

Key words: background clutter suppression; dim moving target; discrete cosine transform in wavelet domain; signal-to-clut-
ter-noise ratio

[ES

PO 2 3 B PR R — R s BRI

RS Tl

AR

Sy k) ¥
- N DR S A | — | ARy — 4
B D2 MR /N30 2 e FH 2 EE [T IDCT A

DCT 72546

ARSCHE T —FPRE T/ N DCT A8 46 () 95 S5 2 Bl il Oy
%o JAERINE 1 FR,
TR T2

R —, A BRI BN R 15 B 5k 22 EHR P 5 T
SR E AR e s AR | B 5k 2 PR b ARSI A% e A
BB EE A i, T T F AR RE

T, P81 b 5 2% 5 i ) 22 5% P 2 kg 8 05 i
A AR R B 20 WA T BTk A A B R AR S
UMM R IE MR AR AU M A
SCHIR[ 6 ] T 2 Sl B8 AH S P A PR AR 23 B T B0 o SCRiR
[7 1A RS S5 o BRI AN S 2R P2, o ik P 2 2% i8¢
SRR AR S H Sk i AN s i LS uk i, DA 3 3 K BR 15 55t
AU F A, IHRE Dt TR T 5 SRl i R PR B
A EXELUN T S A D PO AR i 5 o i L s Sk
7 B SZ 3 ) R

Wi BE . 2009-05-06; & E HEI: 2009- 06- 28
(2009A017215)

P LT /NIl DCT 1 4% B4 i A

1 BEGEENERFEE

ARG P BB
SCa,y k) =fp(x,y k) +fr 2,y k) +n(x,y,k) (1)
Horpf(y ) AR ABKRAL T (o, y) A R IR FEAE £ (v,
E) AR R n(x,y k) WIS L f (2L,
k)2 BbKBEME . EARAE R A T4 5 A58 55 4 5 ARAR I
fE44 L (SCNR) e , Hoe in=X(2) .
SCNR(x;,y;) =10 logyo [f(x;,y; k) =mq]*/0(dB) (x;,7,) €@ (2)
Horr (g, y) 0 BARE RGO AL E, Q N BFRABIRET ,ma o0
G390k QP R R IR S AN ) 2%

EemAB. R OARMAFALTHAAB (60873263 ); B K “8637 it X % 87 A

TEHER AN R T (1966-) , % TG EA, 8 #I% MR A, 28R 7 @ A BRI EAZ 5 40 5 453 (zhouning@ ueste. edu. en) ; 3= B
(1963-) , % 4 ML A ZRHE T A SBRBIEEE LA FEE(1939-), 5 345 5, 22T 0 H 5B 4020,



%18 b

TR TR DOT % 384 22 ok 3 %) 5 %

« 375

2 ETF/NEE DCT THRpI FiR I Hl 75 7%

2.1 INEE R

BIRASCR I BUS 3 8225 IR a5 5 (HASCR
PSR SZXT F A G e ) 45 BRIt B 43 S BEA T AR 3, PRk,
T RS AR AR, T A AR AR A AR MR Y
B ARG R PR T RS 5 R AR A 2 AR AL A
SN AT O B 1 3 0y NI AT S =t i 1 151 350
S5/ 2l B BRZ S 3 S (e T R  3k RfE R e S
g5o FTENERRINE , BB T, A SR aL 1
552 AT B KBRS 28k A sy BT 7 | B R B A = H
PRABIAR 24 H /N AR A E B AT TS [R) A7 B ELA A TR A 43
e SRR 2 B AR R ] TR TR S
PRI, AR ST ST 28 AR AR R IR R f(x, v, k) AT 4685
NI AR 4, B

M-1IN-1
W Giosmonok) = (1/ NMN) S S x5 ) @) (x0) (3)

Wi G = (17 M) S S FCey W (2,3
i HV.D (4)

HoAv .M x N REUG RS o FmRERF, W, (o ,m,n, k) R
kWG AE KB j T BT /N B R B Wy (o, my n, k) F
Wi Gy k) S¥505E SCT K7 1) HORE ELJ7 16 V0 26 45
NI FBL, T Wy (o ymyn, k) 2SR DT 1) DB A8/ NI 2R
B H @ (6, ) B (x,y) i = LHLV, DY SR AIZRTER
FERAF jo R THEGI S (m,n) WA RO BRECR/ NG PREL, DGR
PRGN A48 I ko it ol — IR T4 LL AN IR e 0
M HL M LH B— A4 HH ., LL E3 R G ER
SEARIE Sy TSR HL LH A 80745 HH 53 AR KT
e 7 T AT AR T 1) A UG AR s A 8. FEMRAY S 2%k
R it 32 B P A/ NS A LL v, R, S T I T R e
W, TR/ INBARAR T LL SEA AR 0
2.2 INEISHRE DCT Tz Hiy =i

KN M x N G IS A 3 5 73 80 KN R (M/2) %
(N/2) WSS T4 LL, % T 4k DCT 2830, W F .

8 M/ii ]:\“/2‘71 .
T CCG) ST WG smyn k) X

cos{m/M[u(2m+1) J}cos{m/N[v(2n+1) ]} (5)
He.c(0) = (2) ", fE u,v#0 B, C(u) =1,C(v) =1,
FGo yu,v,k) W55k WIEMSAER B j, F G8F4 LL 1 DCT %
B, BSRERRS 520 5 2 28 (BRI S 2 P /a2 48 1
(S LI AR 1Y, JBR TR A%, DRI, T 4% (S e ot
FCUEI , ASCH w 307 M0 R RS G (w,v) X /N AR A 4
(LL) BEATATS A & 8% , 75 3 BB 5 19 DCT 250 F (o yu v,
E), .

Fljo,u,v,k) =

F' (o ou,v,k) = F(jg,u,v,k) x G(u,v) (6)
F' o yu,v, k) USSR LL TP AT 5oy, R K g
WEHTE P/NE 47 DCT REGHEAT 250858, 48 L@ & Bis
FNER B W (1% DCT AL F (o yu,v,k) B
F'Go v,y k) = F' (o yu,v, k) = F (o u v, k) (7
FIaxt F" (o u,v, k) BEAT IDCT 284, 15 2058 I 5 1Y AR AR
T LL RN,
M/2 =1N/2 -1

W Goomon, k) =2 50 5 CCu) C(0) Fig 0,k x

cos{m/M[u(2m +1)]}cos{m/N[v(2n+1)]} (8)
2.3 INEHTSHR
KN B W, G ymyn, k) Wy, G ymyn, k) BEATER(9) iF
TR A BN 7 B T S A BRI 4 e
(5% 22 R

N,y k) = (17 NMN) S S W Giomon k) @ (2,7) +

A/ AN) S S S S WGy W () (9)

=H,V,Dj=jom n

R E S A RS S X LR LA 1 BUE
A28 Biorl. 1 /NI,

3 MRRESHESE

PEE— P EUG 25 AR K/ IN R 176 x 144 TE5 kT
B EBEHUMA 12 DK/ 3 x 3 1 BAR, I IMASIE R0,
FrffE2E ok 8.063 8 1Y 11 f=1 T I8 7 ) 1l S o (6145, dan &l 2 B
TR NIRRT /N AR ] 3 /N R A S R R T2,
Pl 3 e R s AT | Al B O T DU R o XA
Tl LLAE DCT 2548 | (8] 4 S8 LL 284825 9 DCT Z%40, WK 4 v
ATLAE HTE(0,0) A — MR AR50 DCT 250, ©
S UG BT Ay o FH e A0 0 I X/ N AT -l i A 7
TRV DRSS AT IDCT A8 4, U8 I TS 19 LL 5 AR 224)
AT R 5 SR 20 TR AR T-AF LL B DCT Z8, nl UL, 0
R RL 5 O g R . SR JFEA /N AR B | 45 51) g 11
HilfE R 22 R (B 6) o I EHSOR BE(ERCR T s o

K2 s B3 /N ik (xd) 24

0.4

0.2 |
0
-0.2¢
-0.4:

80 - -
100 60 - 10
40 - - 60 80
- 40
20 0 20

- - 0
40 " 60 80
20 0 20 40

€4 uEILHT LL 7Y DCT R4k [#5  24%)5 LL 19 DCT 2%

3.1 SCNR 16

FERE 2 I 1S x 15 123 W BARSRIEL, T4 HAsab it
i ALBEE A% L SCNR (x;,y;) itk TR LA, WFE 1T,
FiA HAR A SRS 25 U3 7E 3 dB LU 36 2 55 H AR 0 25 A
A 2 ] & 345/ B AR R R JLF TGk 439, 2 341
J& , AT R 22 EUR ARG 545 H AR A i 28 (5 2% L SC-
NR(x:,5;) ot , AR (10) (11) 23 5ISRAS HARAE B4R 15 24
U35 SCNR (2, y, ) i FIFAIAB IS 22 HEIE 25 SCNR, 00 0

SCNR(%;,%7) ain = SCNR(%;,5;) o = SCNR(x;,%;) i (10)
SCNngdin =(1/N)< > )SCNR(xi«yj)gain (11)
?
Horp N R BRRAEL

AT AR SCHR R I S R R X LA R B A T,
YR AR TR h, LI AR AR SR ST
/N SR DCT B ) 2% 3k 10 1) S 05 7E A B B 00 i 5 S 2 D
D7 T BT PEMGR i I 302 , i 1) B AR AR 35 2% LT3
Wb iEE et 2 dB AL,



. 376 WA R A AR %07 %
# 1 SCNR M4 He gk
045 :
B WAL Pl 1 35k 1 R o \oogaia] 1
B8 (x,y) SCNR,,/dB SCNR,,;,/dB SCNR,;,/dB 03 L 05 |
— 0.25 |
(70,90) 1.874 2 3.429 6 7.039 22 | 0 ‘
(110,130) 2.446 6 3.626 6 7.129 3 0(;); : T ~J
(90,60) 1.956 2 8.743 8 12.071 e e S 4050
(70,20) 0.199 64 3.486 2 3.043 7 K6 st BT 5k E G o el e 1
(80,30) 1.5656 7.735 5 11.62 8 [&14 (x4) HOE 25 255 3 o 00 i £k I8 SR E 1R F A R
(70,80) 1.590 9 4.371 4 8.668 7 .
(20,30) 1.686 8 7.128 10.938 4 HRIE
(10,30) 1.5525 7.425 6 11.196 . ) ) e
(90.70) 0,699 51 5 109 4 s 268 8 ARSCHRE A 3T /NI 38, DCT AR 4 i 2% 08 0k 380 e T
(80,50) 0.372 28 2.878 1 3.7194 WU 52 81 B ARAS I ) 5 2% I 5 se Al T S5 90, AR
((56‘2)' 19‘(;); 02'69(;‘2246 60' 3;50902 81' 9;‘37 T8 A5 Fh A 2k 227 A5 S 2 D B ELSTER T B SR
, . 1 -0.23 . N NP N
o . L A IS BN T VRS RO, FLAD B 10522 P 1%

3.2 REBGNSHEKRE

Hi Parzen A7k 25 Hh 5% 22 FEUR 9 28 50 HE 4 285 162 e 5t
22,0 7 s, R RS R b s R A B ek ARt
2. bR TRE AR B I LU AR | AT AR 22 PR I 2 A
R B O L S hRifE s TR s Bt L E S U AR
22 UG E HAT S 480 mdirRe i
3.3 REBRGAUEEKRR

THERURAE TR A AR R BTN EC (12) B

R(p.q) =1/ (N> M) S J0) xfCk=pjmq)  (12)

o N M YR ZS [ A B ,0<Sp<N -1,0<g<M -1,
HAARKRECE L 8+ ) sRECRFPERT, I R 12 B 4H
i 2 AR Sy R AL A 5 UG Y 1 AR B AT El L A
KPRELEG I TSNS B9 2E R Y AR SC s XN 4] 8 i
7, AT LU T COR YT ek R T

AT IR 2R B AR5 B

S k.

[1] FAN H,WEN C. Two-dimensional adaptive filtering based on projec-
tion algorithm [ J]. IEEE Trans on Signal Processing, 2004, 52
(3):832-838.

[2] HSIA S C. An edge-oriented spatial interpolation for consecutive block
error concealment| J ]. IEEE Signal Processing Letters, 2004, 11
(6):577-580.

[3] 4. ATk Z#Heyins AL REFHERA S B ARRIR T =5
RID]. k& EAHF B KERFHBEIARS H2HF 5T ,2005.

[4] GAO Ying-hui, LI Ji-cheng, SHEN Zhen-kang. Detection of moving
small target in IR clutter background containing sea and sky areas
[ C]//Proc of SPIE Infrared Components and their Applications. Bei-
jing: SPIE Press,2005 :341-349.

[5] &R, Zwok,HCE,F. asbBAFEMNG A ERF TR e Lk
[J]. & 5 4R ,2005,33(2) :200-204.

[6] i, Fuesk, S a4, AL TH AR R M eh 435 B ARk [1]. 5
e #8,2008,19(9) :1214-1219.

[7] ZRA,Fvek HSGR,F S0 AER XS XRS5 5B E
2 B AR [ ]]. osh s 2 Kk $ 4R ,2006,25(4) :301-305.

(B35 360 ) B 6(i) ~ (j) HHXNAKEZR, AT
FHISARRNTS Sz ah , A bR IC G o8 iR 2%, K &
ORI

P 7 SR Kim ARSI AR SO e 90 T 77
0, SR R A SCA vk X HUR Se Wik A T [ sk, Hod, /7
(a) ~ () BB 90 ~ 92 WiE G - 7 (f) ~ (2) N
X AR IS5 R . 5 Amira S4B, 76 AT M a] , X P8R 4
Rt B7(d) ~ (e) o3 B H0E R £ 100 556 101 Iifd
B 7 () ~ () W R X 2558, aT LA 1, sl
ZLEFLATHE BT EE 100 WO bh 8 0L 50 6 3 4
CRFIrE) | DR T Ak B8R ) v A AR T2 TG T2 1 £ 3o 28 )5 4
Wity (A A5 S A 1 X T axX — Rl AT AR SOk
(4] P BB bR e A 336 T LA g, BIARIC SR 101 W, IFit
BHAK EEE R SR m i 5 101 WP YRR IC 555 99 A bR
ICFERELE 255 100 i, 5 101 WidRid PO awE T
R, T IS RIS 100 MY IEBARIC

g5 B RTIR I R S B AR [ B0 i — it
PG H 7T LAAS 5] 10 ~ 15 WA SR S5 . R aT L
RRREACHATR ] e F THRAE

3 45RIE

ASOEPER BRI T 8 P T —Fh g H A4 [
Bk BRI —F T T TARIC A Strokes A B, Tri-
map Y7755, AT 20 2 3 A RS Y Trimap %1047, 7]

I B BRI 118 SR R R WX P 3 s v ) T AR IC 1%
Yo T E PR R SRAE AR R AR BT 1 3900 T AT
TS TR B P12, B8 PR I AR 1] ) 4K P Jo g 0 Ak B 2 5
Moo LK IETINIRE: R, G UK P55 REAS LA Y
FRICARAHZE S 2 WY s T A P25

Sk

[1] MISHIMA Y. Soft edge chroma-key generation based upon hexoctahe-
dral color space; U.S., 5,355,174 P].1993.

[2] WANG J,COHEN M F. An iterative optimization approach for unified
image segmentation and matting[ C]//Proc of ICCV.2005:936-943.

[3] CHUANG Y Y,CURLESS B,SALESIN D,et al. A Bayesian approach
to digital matting[ C]//Proc of IEEE Conference on Computer Vision
and Pattern Recognition. 2000 :264-271.

[4] CHUANG Y Y,AGARWALA A, CURLESS B, et al. Video matting of
complex scenes[ ] |. ACM Trans on Graphics,2002,21(3) ;243-248.

[5] WANG J,COHEN M F. Optimized color sampling for robust matting
[C]//Proc of IEEE Conference on Computer Vision and Pattern
Recognition. 2007 ;1-8.

[6] SUN J,JIA J,TANG C K,et al. Poisson matting[ J]. ACM Trans on
Graphics,2004,23(3) :315-321.

[7] LEVIN A,LISCHINSKI D, WEISS Y. A closed-form solution to natu-
ral image matting[ J]. IEEE Trans on Pattern Analysis and Ma-
chine Intelligence ,2008,30(2) .228-242.

[8] GRADY L. Random walks for image segmentation [ J]. IEEE Trans
on Pattern Analysis and Machine Intelligence,2006,28 (11) .
1768-1783.

[9] GRADY L,FUNKA-LEA G. Multi-label image segmentation for medi-
cal applications based on graph-theoretic electrical potentials [ C]//
Proc of ECCV Workshops CVAMIA and MMBIA. 2004 .230-245.



