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Abstract: Hu moment invariants,describe the characteristics of the region,are widely used in pattern recognition.However,due to
image noise,especially speckle noise in SAR images,Hu moment invariants no longer maintain its perfect performance.According—
ly,in this paper,a novel feature vector which combines Hu moment invariants and four affine moment invariants and gray peak,
mean and variance coefficient of target area in SAR images is proposed.The feature vector not only describes target regional
shape but also characterizes gray statistical distribution of local target region in SAR images.The simulations of target recognition
and classification in two different resolution SAR images preferably indicate that the feature vector is effective and acquires high
target recognition performance.

Key words: SAR image;feature extraction;classification and recognition

BN TR RAFAER Hu R B2 AR XA P35 2 A, AMmAeRFEHa T, L2 SAR B+ = EehtaFresk
#F Hu ERE T RBHRFL T E M, YL Hu B/ MER T Z 4R, 26 SAR B2 6004 5, SI AN WA HH4E R & 4= SAR A%
P B AR R IR AR A A 2 R, Mk SAR BAE P B AR R A B4R ARG B L S ARG 2 ARIL T SAR EAR R 3R B ARG R4S AEFe
K 3R 09 R EAZ B B 3T TA R F 29 T 69 T72 3258 SAR B84 B ARR A5 A S8, 39 3543 7 8369 B ARIRA R, 500 A it
ey SAR BAR B ARIAR R WA AR 6] 2 2 A 26y, B AR 69 B AR Ak

KMl :SAR BME A AR 5 B ARIR A e
DOI: 10.3778/.issn.1002-8331.2008.30.057 SCHR b RS : A

G5 1002-8331(2008 )30-0186-03 Wy S TP391

IRPEEAESE —3ME ER 2 EAR KA SN . liF5 SAR [EIfR3&
BUH e R S 2 0 IR BEA T RS R . PIAERS SAR (&5

1 5%
F I T H bR 24T 70 28 IRUA B R L 16 A E B

Fourier J#RF2 Hough R8N FEARFEFENSE o IXLARAE ST
% AR AS BT SR R IE AR RE ORI AR o AH T4k
DB ETF- (A Fourier flidk ) , FEAASHIE =625 T X3k
AR, P i AR o B PR B2 SRR AIE o HR: S
AEE B AAAEAE RGN 520 T, JUHE SAR BUSAFTEAT 18
BYAHTBEME R 5540 T, IR A9 SAR IR DX H AREY) Hu 28
A G TETE CRIE AV PR A PRI 2l 5 Hu SEAVE 2
P SAR UG HFRIIR A EATRE W B R IZARE SAR
G IR SR BRI AT, e BOH B R RHIE &2

SAR FEZLB TG I H AR T2 - BRI 1
ANZERPRFE o % T[] — DX Ik H AR SAR &%, —J71H BT SAR
JEAG SRR LT SR R B2, RIS T RIZE E bR, Hpr ki
SAR EUG &= R K AN 2857 . 53— 7 it 132
SAR AHF Bt i B2 = A A B s W R ) s, )28 E bR IX )

B FRAG RS AE B AR RIS TR RS T , i FL
ITEENT SAR BURHY B bR S B TA AR o

ARk 4 T72 e SAR BI§, 78 Hu BN A HEIRE
HOEER b, 5N S SN ASRAAE A DU A7 S AN DL B S B
SAR EUE H H bRIKIg K BEAS AV B IR BRI J7 22 2250, Ami
2% B AR BRI 52, FEAH R A RN T, X T72 $H 5
) SAR EUSHEF TR o

2 EAE I s AL A D) 1

FETHRAE BRI TR A7 v AR T A R — AR
] FERB AR E B, TR RE IO 0 2R, B R
HARPTEZE
2.1 FEAIE ) i1 L

o e SRS U — PR A 2 Pl 4% H R IX B 55 1 @

LS00 - B BT 4R B3 H (the Pre—Research Foundation of China Ministries and Commissions ).
PEF ST EXE(1968-), 55 i WF5ET71a) : SAR FUG H  HARRI ORI ER .

WA H]:2007-11-29  #&Ml 0 1):2008-01-11



E B EATC, B4 0 TR W B 8 SAR BR B AR R A 07 R R

2008,44(30) 187

B, O ) SRR PR DR R AR R E O A3 A B
oo TNV BT - g(x,y ), H prg BrBUEILRY
Oy, BRE SO -

n,, 5, g, (1)
X r=(p+q+2)/2,p+¢=2,3, -
m, =2 2 (xx )(y—y gz, y) (2)
Horpra, y FER IR O 50 B ARFR , WT L F 2 R -
x=llo Mo (3)
Moy Moy

TEHURS A F LR EERE - | Hu 35 01— AT R AR
SR AAS RS AR A VAR AS Y, B Hu A8 AL
b, =1 +70,
b, =1y )+,
by =(1y0=3m,,) +(31,, =1,
b, =141, )2+(7121 1y )
b =(130-311,) (g +1,, (g +1,0) =3, ) T (4)
(310, =103 ) (M, #1003 13 (13041015 ) = (1 =105 )
by= (=, N4, )~y 4, ) ooy, o, ), )

¢7=(37712 o )(7730 RL/TS )[(7730 LTS )2 _3(7721 o3 )2]+

(3n,, -1 ) iy 4170, 13+, ) =y 4100, 1

Fu AN ASAS S T ME 7 1 1 A 52 25 1 A
e AER:  ZEAT MR 0RO T, SRABIAE AAE B AR oAk S
(. HH T SAR PRI HBE £MEFS (0 F77E , Hu AR (e
R RE P, 52 B0 45 PR [ AR 4 1R S0, i L Hu A5
AR T A AR P (A AR P 1, DRI T 5 |\ R B
STAASRFE AR AAS BEH, 58 AT -

T, =gty =1y, Moty

10

2 2 2 3 2 2
Ty =[tgs s = Ol Mgy o s HA 01 AL oy =3 s Vg
2 2 7

]3 =[/"“20/J“21/J“03/'L12 My (/J“30/J“03 Mo My )+/J‘02 </"“30/J“12 My >]//~Loo

32 2 2 2 2 )
1 :(lu'zo:“m Oy 5 Mgy ~Ong Moo s +IWgMnly + (5

2
124004 1y Py Ok g oy =L 8taghty Hophly 1y =

3 2 2 2 2
81 M3 s = Ol o Mg by, Moy + 1248 My by, =

o, 1/"“(2)2:““301““21 +/“L:)2M§3 >//"’(]1(l)

TEXT SAR [EHG X IR A5 B AR T 1HT o, 2R FE M R
T DRI AR AR B i, BRI AR B AR B it AR Y T
TR P J5 72 R BTN T DXIAR FE AR A B B 253 ), 2B s vR BE 1)
—ANEEE, WIBERBRN L, SR E R EOL R IR R AT R
B 7 ARGy, R 1 H bRk B il ) SRR . I T 22 R
BT LU TS84T, T LA T B G R8N . h TR L
B JEP, E PRI AR B I T 22 REUZ L T HARIX
S AR AT B AR FER ARAY,, BT LR A H AR A ZURHE
B Hyh 2250 E SR

Var=2 (6)
"

455 XIRFEAAZ B A SAR IR H bR A7 B ik 2

=, B HTHLAR SAR G BRI 200 e [0 2 -
X=[<b| d)z (1)3 <b4 d)s d)(w 4)7 Il Iz 13 14 fnm M VGT]T (7)
2.2 IR ARy RN ™
S22 B AR R AR N m 2, T2 e
vh ARYERRIE ) e ) ORI B i TR — 2N T, sl
SRHL SRR B DL EE U E R AT B A2 B S
B3 ZEHEN e AR 28 RS M BB Tk —.
Bt e R o, o, BRI SIHE
RN A i=1,2, 0,00 MBTLIESS o BB RECH -
g(x)=min || x-x. || ,k=1,2,--,N, (8)

ot x B FRR i 3677 w0, 26k 7R o, 25 N, MREARHO S | A,

I x=x, [ =[Ce-x ) Ge—x ]

FEHE B, DR LS Ay -
& g(x)=ming(x),i=1,2," ¢ 9)

N: xew (10)

Bl ARHR SRR

3 Hbar Ry LB

AT T72 358 HARHIFEAR 2B BRI T

(1B SAR EUGE AR Weibull G843 Fiki R, 7RI E
FEEEZ 7 0.001 IS, % T72 3T SAR E% , iE LT
2Ry (CFAR) B FRREIN 7 - A TG 481, 545 1T g
FRE) AR B UG A B 2 E P %

(2)7E5r B0 H R —AE MG B &S RERY H AR
i DX 3k , b 25 NI Y B BRIX IS A R A0 B bR IR A0
FRAE ) A S AR A &

(3)FEBREI G H) SAR B i+ EAHN ARSI B bR
DX I A VAR BT 25 280, T 445 H AR iR AR
=9, &

() FEFTAIPERUEN T, S H R TR o

4 P sa e Ko b

T EIREE A EEAM R Matlab6.1, HEAL Intel® Pen—
tium® 4 CPU 2.80 GHz,512 MB P77

SR B RO ] 43 3ER (45104 0.5 mx0.5 m, 0.3 mx
0.3 m) T2 Bhr T72 HTEM SAR E& (E5R A NASA),
SAR EUgIE 1~ 4.

Bl 1 T72 SAR E2(0.3 mx0.3 m) P2 T72 SAR F44(0.5 mx0.5 m)

A

3 172 BIER(0.3 mx03m) K4 T72 BHIEI{£(0.5 mx0.5 m)



188 2008,44(30)

Computer Engineering and Applications THENL TR 5 A

mE 1 TLER:

(DAES RN 0.3 mx0.3 m (1) T72 33w BARAGIRA b, A
16 AN ETREAIA vE H bR, e 13 AN 5 BFR TGRS, S5 T 3
AR A B bR, B AR IEFEAZR K 100%.

(2)TE43PE2R 0 0.5 mx0.5 m B T72 V8 B FREGIR SN b, 18
17 Ao RERYE v H AR RS VB0 15 AN EER, BIBR T 2
AR 2R AR, W 5 AMG 2 A2 bR A v, B FRED
IETHIRRIZ R 86.7%

1 PR HER T T72 SRR BN R

SPER SR H AR I EARE UM ERRE R
0.3 mx0.3 m 13 16 13 0
0.5 mx0.5 m 13 17 15 2

FHFARFEHER ) T72 3H3E SAR E(%, 2 FAHIE SAR
EHG A 53 B B FRINANRES , 7253 HER A 0.3 mx0.3 m Ay H bR
TR SR AT TAES R A 0.5 mx0.5 m T HYIHBIRCR, EITE
FAPERT B AR BRI R AR S TR PR T B EfRER,

5 i

AR SAR FUGHT HARRS. B 57 T Hu B
A AU ST HEANAS &, 456 SAR G H bR I T —
FHTEY SAR &G HFRIRAIARFIE ] A BER . DL Hu -EASAARHE
RRAE LR, 51N SAR G H FRIX 8 BB H R %
B, TR, T72 $ESEUIRRE i . A R B LU T

FE . — TR T SAR UG X3k B FRAGTFERER 25, 53— T
BT SAR WG P HFRIRISRAY 2R B Lo

TSNS 4392 T Y T72 H 58 SAR &R HARA
BT R, SEERAEIRFINIHAR T B AR AIROR, 18
A HER A7 0.3 mx0.3 m ST IEHRBIZE R 100% , 164> PER
70.5mx0.5 m KT, IEFIRBZRN 86.7%. BT ERUY
SAR [E1% HARIASBRFE ) S AR, i HAES 2R T H
FRAGRAEERIE BT HER T B ARATIRBIEER

D5 B 45 SR BHAR SR 0 B bRFEERAE 1) 1 B AT B )
HbrismRE

%75 3k :

[1] Hu M K.Visual pattern recognition by moment invariants[J].IRE
Trans Infor Theory,1962:179-187.

[2] Persoon E,Fu K S.Shape discrimination using fourier descriptors|J].
IEEE Trans Syst,Man Cybern,1977,7(3):170-179.

[3] Ballard D H.Generalizing the Hough transform to detect arbitrary
shape[J].Patt Recogn,1981,13(2):111-122.

[4] Taza A,Suen C Y.Discrimination of planar shapes using shape
matrices[J]IEEE Trans Syst Man Cybern,1989,19(5):281-1289.

[5] Flusser J,Suk T.Pattern recognition by moment invariants[]J].Pattern
Recognition, 1993,26:167-174.

[6] Matre H.& LR T AEURALHIM]FhEE , 26 b5t BF Tl R AR
#,2005.

[7] 2L, sk TARSIRBIM].2 REAL ST A RS AL, 2000.

(k4% 134 1)

[3] Samar V.Single sign—on using cookies for Web applications[C]/
Proceedings IEEE 8th International Workshops on Enabling Tech-
nologies: Infrastructure for Collaborative Enterprises, 16 —18 June
1999:158-163.

[4] Zhao Gang,Zheng Dong,Chen Ke-fei.Design of single sign—on[C]/
Proc of TEEE Int’l Conf on E-Commerce Technology for Dynamic

E-Business, 2004 :253-256.

[5] FEHABE 47500, P In B, 25 36T SAML (1 KRS SR RIGIERL
I AHERL TR, 2007,33(1):170-172.

[6] VELLES , glib e | GRASTE Al XKMS B9 TP A% AR 55 (R IE 5 56
UEJ5 ZE[)) A T2 511, 2005,22(6) : 132-134.

[7] GICN, BE Ak, BRI 5B T2 W B AR iC i & SR R R i ).
AL TR 55, 2007,28(4) . 785-788.

(k174 50)
ST S DX A s S A A i DR RN S X ek

5 BUESEEE R SRR

3T RISk O i DR AR SO iR

LOATFHRLCRG 2 FVC2000) A4 E145 58, MR LI H AR
B 5 F SR AT R AR T 5

(a) 2531k (b)J7 I} ()R TT i

Pl 3 =y i o BRI B

Rt — MRS IR 7 EEOR SR ATANRH B HE bR
BEATVEA -

i S KIRIR A S DOIRHIER : P=P(w/w,) 5

H R IR TR DISHIER - P=P(wdw, ) ;

PARR S ) PHIEER : P=(P+ P12

F 1 T =ROTER RS , WA B B G T L
F L ASSOTERAN R TRl s DA 2 57 DX I ) L 5

#1 BRI (%)

JEE ik AUk
P, 133 1.44 0.21
P, 3.78 3.22 1.03
P 2.56 2.33 0.62

SIPIRRTT iR R R A

6 ZEGE

RSO B UG 4 B , A RERE A 25 e 7
Sy R AN, 3 ELR T AR G (R % e BEAS AR )
P Rt S BT 53250 RCSRAI T A0 J7 2R 1) 1.

LEPTE

[1] XN, W) , iSO S8 L UL B R T EHL LR ik
it,2006,27(15):2777-2778.

[2] B, i I, S 38 S B R BAL BB 77 R ()] EALY
2007,27(4):929-931.

[3] Mehtre B M,Murtby N N,Kapoor S.Segmentation of fingerprint
images using the directional image[J].Pattern Recognition, 1987,20
(4):429-435.

[4] Rathank,Chens, Jaina.Adaptive flow direction—-based feature extrac—
tion in fingerprint images[J].Pattern Recognition,1995,28(11):1657—
1672.



