H9% 1M O ¥ O Vol. 9, No. 1
20054 1 A JOURNAL OF REMOTE SENSING Jan- . 2005

MNERS . 1007-4619 (2005)01-0050-07

—FpHETHY SAR BRI RGN 7%

EmEtlx o1 mla &’
(L. FEB2ERE BN 7T B ER 2 E R E AR, Jbat 100101
2. fRCEAE BT K 2B s A 550 T Rg AN 450052
3. JLIIRTE K2 Mo PE 2 SR8 Rl 2B bRt 100875)

B OE. BT E RS ( CFAR Constant False Alarm Rate ) 7 A 7 i SAR &M% A 4G A H & {4k
B 7. 1% R R B AT (IEAS 2340 ) VE N SAR EUSOK JE A2 35 BR , i CFAR FR B4 5
TS AR B R T A FICEOR B A IR 2R R AR T e AR ERR IR S 4
TR Wl g T S R O TR PR SRR PR AR . {5 A XSAR il ERS SAR EMEOAX
SFORIEATAS B, OF 5 H B SRR EA T B 45 R W BT H A SR AR DS R ARG N3k B #R A  S  it

SAR CFAR fifs UKL 5 2 W 434
X ERHRIR D

ES:AGR
E4EE, TP722.6/TP751.1

L 50 7

A LR R (SAR) B A 4 R, 4 KA
TR FE) W PV T O L B B 17, SAR A FURSIIBE A
FORFFZE K 35T LA e 52 3145 56 07 T A v JEE ik, A
1978 45, 36 [ T % R 5 Seasat-1 TR FRIL T A
HS R A 2 B i (5 B R AR B
bR eI LUREURC R A S E. M 20 42 80
ﬁﬁﬁ%%l%ﬁﬁ%T%R@%hAhMﬁ&
HIBFE . BB ARG L T LR

(1) #F & A\ Knut Eldhuset 32 H 7 % 138 3 77
el LA i R 7 e P 1% TR g ST — A 20 X
20 F/NHIHEZE, 10X 10 /N B T A AEREZE e, 1
FHERIYME tp. hAR

T(i»j)=X(i»j) T X(CirjH ) HXGTL )+

X(itLjth)y—dr (i,)€A (H
R T NIRRT ER X ) AR R A ()
HORIEME, B OAERS S KETH OIS, %
R F T j) SRIRERGIRIE T 2 op i XM
JE R R qo FEATHLES (HHp ¢ —BHLS.0), KT

WeFS E HR. 2003-11-10;4&5T B &5, 2004-01-05

ERRE N4 A — MR I L B 5.
(2) BENBREED, FSRET BERN R
ARSI 7 s, AR R 3 3 B R 2 X R A E
kN
Au+(M—1x).J;—’; (2)
Hep AHFTRARE, » VEEREEME Mo EER
BEIRERN R, W B e s E G P TG
W KT BERR B4 T — AR
AR H B AR,
(3) Rey & AR TR % B s Kyl %
TR R ZMIKE K AT Z ML Gamma 4377
SRAHAR SAR EMGOK O BE 5% T s A K 43 A A

2 L L
2 | Lyl ? Ly,
ﬂhﬁHD[J &”ij )

Hrb vt OyEURIE, o WIRIRSEL L WG
#(Number of Looks ). I' il ¥4 iR 4. K —, N 1B EH)
Bessel ERZ,
MR S50
I Rf Gamma 7341 4 DAy [ 45 (4 1B 2 8% 2 R

p(x)

gEE M p>100 g |6 — | =200
Ekivied

EATIE. [[5973 5 F 2001CB309406; [ kRl 22 24151 F 40071062; FiFoii H 413220204 SAR A3 FSA 1 G-DFD 24

TEEE ) PRI Chida ASNLATE Fothh TR BdoTi Mg R B A TR Reler b d i R AR ki 1

ST RN 2B B B S B R A . W07 1 . s i



% 1

{04 [ 45 . — PR AY SAR PG SR 7 12 o1

T, 20 E Gamma 4347 B HE R 55 55 pR B0 A
G= vy

p(x)%)x“exp(—&) =0

AL L RGEHMSIIE T himisesse, BR5M5
R BT ey 2 e B

5E L SAR PSR J3 1 M 263 35 bR B0 S ATAR AR
HA AT RO B — B BEACE . FRY R R

1= | pCords (5)

b L N KEERAE, L — N O i 2 (i
0.05), Hff e BEAR BB » [7] 7 A A 2

(4) Jiang ZF AR T IETHER AL 2% ( PNN,
Probabilistic Neural Network ) ) CFAR iy FL ks i Bl
BT PNN 1) SAR EGOR EEMER B FE B R F () B
RKIkAN

F(x) = i}P[i]J:G(i, o)dt (6)

Hrb, G0, o) RAEE, m Hhy SAR UG IK Al e K
5. PLITYA—LE AL ¢« HhAE &, H CFAR
iy S A B R o
CFAR=1—F(1,) (7)

A a3 F A A B R R 1., FEH
ek LN EN SR IR e S il 2O

A7 AR B S AR B AR Y BRI ik —
ERESIHEIT B R ERE, Hik = = UEE
ERBE, AR —FET CRAR BRI R
WHTEE 2T ER L s o A (RS /A1) R AU
i SAR W PE MG IR B 1 HE%2% J5E pR 5K R IE S 4%
AT R B RFE B CFAR AT 2 46 00 1) 4 s 1 {8
KL B 28 K bR, @it X X-SAR 1 ERS
SAR [R5 Al A ARSI, B6AIEAS 5 15k Al R 004 8 A
.

2 CFAR %

2.1 BTEHSH(ESSTH)E CFAR BF

CFAR 50 283 B2 T 85 3k F@ 5 4™, i
4k, CFAR BEBITF 4R T SAR EI& B Anka il
FEAl2N H CFAR BEAAE &1 53 % SAR R i
BEASIN H bR, Gk SE06 R T T Gauss, 40 A
IS EL CFAR B0, Jiang % AR CFAR 7%
7E SAR B A I R0, BF SRR I, CRAR X1 4L

Pa o AR T R M OB A B B A T

FEF W MRS O AR BR B SO
BEMLAS BN 52 B9 Gaussian /> A FEHLAS &, Madsen!”!
J% Bamler i1 Hartl ) {35 46 144 .

(1) FE— N PR TT P R AR(TEC S e A 1R
KRR FE 52 ) B U T X PP R — R LY
WA AR VDI VA A 2 e AR
TCHBAR X AMBIX

(2) FAEE L ITHA RN — . ) ERY355)
A, XAMBIEEE T Y RHE S R K KR
A, 25 IR R A AR S AW 7% AE X ] [ — 7, ) |
MR 51534

(3) FEAELST B ITAH L RENLAS B B R AESE, T
ARG B —LEHUN H0T B SATE I — M

(4) BRANE BT R R P R AL AR B S5 AR BEAIL
LR Z A EAMR, XMRBEIETE S E 5 A
PLAER . S BoT e TC %,

X YT S it - ] O DX ) BB Y 322 A0 E AR 5
PR G P s /N B AR ] AEAR R IX 1
TR FEACR B g X KA H Fn T LB AE [R] i X,
TEARTIEOL T, YT SAR BG4 2 LT A 4 5%
% BT RAASSCR % SAR 3 EEEME M Gaussian ( =
W) A

f= J%mexp[”‘zj’] (®)
et 0 o RAMTBRAAT IO 25, ¢ i
THEMSEEE o RS AR
BORRIE AR (EAS M) B TR G A
BRI PRI RBHL, TR IBN]
oA A TR BHL 0 & Bk FIISH A
SO 05 ORI, SR IR L
XAV ELFR, BEEFT R IR 2200 LB, B
PR 9380 XA ORI T 4.
CPAR LT3 AR 4 MR A7 5.0 IR
SR Oy 5% B 1 (A SO W (R
HEHE ) S U ISR
18 o (DL ORI AT Py

Xe ﬁﬁ*ﬁfﬁ%)ﬁr if xc>xo 9

v WIBARZE A otherwise ©)
ER{E A xo B R ARy

Plag :J jw(f/ j—fiﬁ)dx (10)

H2 (8) N (10) 3K, TT 18



52 E K

¥ FIE

)
Py _exp{_ x02 GZ.U ] (11)
BERTEAXADE T PuSyo, * o fy
K, & CFAR HoARH, ATHMN G T &1
(BN 22, it s, (1) A7,
xo= B+ [ —2 Gzln( Pry) (12)
BT, FE25 5 CFAR 1800 T o] DB o 1 5 B
P A7 223tk e — A4 SRS B E

2.2 fREEN

XT AR5 WA B T SAR B 15 5
)R B T A YR TET LA AT S T LSRR
BERREE, MU B #F (VN T 2m/s)
B} A T % S O TR R T 4 [ 1 L e 59
SO TS B AR B 0 O LR A A T Vg T
Bragg FEHR T, [0 (5 50, 5 SHR 22, 73X Wb
T A R SR A A R ST I B (55, i A
iy SAR BAGBLIR S ZERE T 1 S 56 25 EBE A 2 S50
TR A A 2% O ELF H T 2% b 5 5 1
TR IR T TRIHOA LR bR A s s e e 1
T 1 TS FUE SAR FEHR b R (Y FUARRE 15 T
DA DA SR P — 2 g 1 R4 00 55 » S L E b A
BRIk, i (12) 2R AR I R A Rk
R ML MR (9) 2, A FUR It e — A AR D0
{EIX 43 B ARSI 2 S AR, B MR S MR T
TR P S5 B2 1 A R ELHEAT A8 ST R T
AR TV TTRE R AR L E ARZ T, 75 U Y 1H 75
%75,

2.3 HBIBKSIEEEREE

CFAR i 25 R b & 24 th R 75 51 A4 IS
s AT AT R 1T H A5 DX 8 A1 AR
M. ARBIERA A 50 B EaER Ay XA
RIS A5 e 5 X5 &I 8 A I A A SRR T REAE
M B bR BRONE R REREERLRINT

(1) HR4E SAR FIRR) 7> B2 I B A bng oo
Hm/ME:

(2) R AMEIER AT B AR, (8 s s
IEL BTN

(3) WRARTTA B R T AT I E R
A2 B bR B 5L B AR, BN B bs 0 R

2.4 ABERRSIRIZE

BT R AT CFAR ffs JAG I 77 2%, H e

g L, A AR O O R R R o AR 2 | i
IATSEAG T R I B T 5 A A | R
bk AR ZE 5AE 6 BB,

sk E B SARE &

1

BEFRREHAE

{

FHRPSHEN

{

ERNRREE

1

L ipabiodil|

EEER

{

MbRNER

BT A R

Fig- 1 Framework of ships detection
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Fig- 2 XSARi image and detection result
(a) Original image: (b) result by single thresholding: (c) final result by eliminating the false ship pixels
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Fig- 3 X-SAR image and detection result
(a) Original image; (b) result by single thresholding; (c) final result by eliminating the false ship pixels
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A Novel Method for Ship Detection in SAR Images

HOU Siguo'*, ZHANG Hong’» WANG Chao'» LIU Zhi’
(1. State Key Laboratory of Remote Sensing Science, Institute of Remote Sensing Applications »
Chinese Academy of Sciences» Beijing 100101, China:
2. PIA Information Engineering Uniwersity, Zhengzhou 450052, Chinas
3. College of Geography and Remote Sensing Sciences, Beijing Normal University, Beijing 100875, China)

Abstract: A novel method is presented for ship detection in synthetic aperture radar (SAR) images, which is based on the
constant false alarm rate ( CFAR) technique and considers the probability density function of sea clutter as Gaussian distribution-
All possible ship targets are detected using an overall threshold, which is calculated using the analytic formula- Then a statistic
filter is used to eliminate the false ship pixels- This method avoids complicated iteration, calculation of shape parameters and
dichotomy threshold. and therefore its accuracy and computation speed are improved, which are demonstrated by the results-
In the paper; the main ATR techniques for ship detection in SAR images are reviewed, which include the window filter
method» self-adapting threshold method, pdf (probability density function) method and PNN (Probability Neural Network ) mo-
del- A novel method is then presented: which is based on CFAR technique and Gaussian distribution of sea surface clutter- In
this method. CFAR operator is given based on Gaussian distribution (normal distribution) » and the statistic filter is introduced to
eliminate the false ship pixels, finally the framework of the method is described- The X-SAR and ERS SAR images are used for
the algorithm test- Parameters such as detection threshold, computation time: number of detected targets and target pixel
numbers are chosen as parameters for comparison with other methods- Results and comparison show that the new method proposed
in this paper has advantages of high accuracy and computation speed-
Key words: SAR:; CFAR;ship detection;gaussian-distribution



