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A High Performance Edge Point Feature Match Method of SAR Images
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Abstract
presented. First, the adaptability of the affine transform model used in the remote sensing image matching is analyzed, and

A precise, efficient and robust edge point set matching method of synthetic aperture radar (SAR) image is

the parameters of the affine transform model are decomposed. Next, a modified ratio of exponentially weighted averages
(ROEWA) edge detector is used to get the strength and direction of each edge point with the eight directional templates,
the matching similarity criterion and the joint similarity —square summation joint feature (SSJF) are constructed based
on the strength and direction of the edge point in images. Then, parameters of the transform model between the matching
SAR images are determined with the modified genetic algorithms (GA) which is used to obtain the global optimum
extremum of the joint similarity. Finally, the performance of the method is analyzed in theory and validated with SAR

images matching experiments.
Key words Synthetic aperture radar (SAR) images matching, affine transform model, parameters decomposition, pixel
migration, joint similarity, genetic algorithm (GA)
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Fig.1 Sketch map of the affine transformation procedure
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Fig.2 Extraction of edge strength and direction from
SAR image
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SEFYE . MHASIT 3T LUK T3 B
P R AR

B, SSG Jiikh, B K S HARATH
PRBR JUAT T8 3C, S5 B DT PE IG5 TGS RS i 1) 2
My, i L2 B e e B R VA e, o T ik
VERCRE S, FAG R AR A At A S A P IR Gt
ARG, Bl /AR, AT A Kt 75 A 4
n, PrUAOn TR R AR S S AT
FARLAT 3, #2540 46 v B T LR S B
T DU I M 52, BE K ORI 38 A7 AR BRI R AR 24
vk SR K, EORTTIEH I 6 NS HUE RS
B, A S el it — D rsRikis Hn
A RES B0 AR IS AL, Prbloh 745 2 R 1 2 4
WA I, A S5 Gt AR RIS, WK
WS B4, SSG Jrik, R SSG AL
RHEEATARAPE PP, AT HAR S AT AR, T
TR A VL C 54 REDRAEAS Y LA DL IS 0. A3
JT R IR L 0 SR BEAT AR5, wr AT %
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585 S5 AN T AR O 1A 3 TR AT T 24 ACRT B IE DL P &5
R, BBl A R U R R S R UL . Pt
ALK R R AR T ), (252 Ps B H
R R - 20 B AR AN TR B0 3 SRR [,
Sa, 8y W EURE R — N2, B USRIV 7 3 22
Herb i 6 DMSEHEARSTTEF A 5 NS W
T RO YESE, IR AT gD T S
5.3 FiAfakEit

A SCTFER L G R IEAT VLB, 14 Gk ik
FEA PSS rp A A7 A, — GO0 B AR TSk
RBVRF LRI DL, R AL SR U REAT Ty ik T 5, BT AAE
R AL JZ T 1 e ORAIE € REFR B HT - VL FC A4k, 1T
H., RN BAL R T 2 R R, ThiRaEk 22 )R %
A, T HRAT RS, B DL B dR B ULAC A1, AN
S BLUCIEMERIAREIL RS 0. A6, SAR K
B e A AE 7S, BRSSP IS
D FEAE, AHd ARSI kI i 1 I8 £ AR 3 ] A2 Fr) Mg
P, ITEA, AN NAEAR B B R DL RC R RR. X4
D Z AR ORI T A SO VA AT B I R, eI b
WL SAR EIMERILHC .

6 SKINISIESLERSH

BEowt Bk g5k, ASCHT T 2 SAR R mIIL
et 52 565 SR 36 AIE A SC U7 VR PR RE. SIS AT BT N
il PC ) Matlab 7.8.

N T A0 BAE AR ST B S A R RS P,
T B 22 Bl A% 4 A RN b A0 A TR 1 K50 T e S
PRI, AT BT T 3 41SES, R 2 2
AL 2P B 24k, 2 R SAR K%
B Ak BEAT. A TARIUASC AL A5, A STy
% (8 A SSIF Jrik) 530k [16]) it Jsuf i
(fAiic h SSG J7¥k) LA K SIFT HEAE UL 77 v f) 52
B2 T T IR, o, RSO AR WA R R F A
AR, 2 L8 B S BR R B EHR UL — M s, = sy,
Prihsegerf, P = [s,,0,r,d,,d,]", a = 0.75. SSG
JiiELL SSGAE R AHAIN B, ) st A% Sk AT 40
AW SRS, 7 AR AT S 500
BAL T AT S 400 R e AR K JE E IE.
SIFT Jy ikt Fh g (g G RRAE VC L 7 v, AR SC
(1) SIFT J7iAAEFRFAEVLEC J5 K RANSAC Jrikisk
HEHATHRFAE S UCAC A1

T A7k SSG Jy v A6 Ve ik 72 R0 7% fg
A 75 T 5 A AR R, iy L S a6 g B R ) B
WA EE P, BT LLScEs 1 RS2y 2 8 A A S5
A SSG J7ikIVLEL & BEAT T 6 Lhar . A S 7
155 SIFT ki, & BARILAE e & 45 B 1k
ReJ7 T, BT LALESESR: 3 rp BB X A S5 VLA STFT

312 ) UG O 8 M AR T T EAT TR EE 23 #T
S R A 7 iR %2 (Root mean square er-
ror, RMSE) {1 i & UL RS B2 1 F5 A, RMSE &
RMSE =

1=0

n
$ 3 (a1m; + biys + 1 — x5)2 + (a2x; + boyi + c2 — y;)?

' (12)

b, (zg,y:) A FF DL RC B &b £ 1D (Control
point, CP) 445, (z;,y;) A5 BG4 554
RABFR.

6.1 KIFMEXZKERZML SAR ERITLELE

ARS8 A AR S b Xl AN R 3 Be AN TR AR AL
Jiaf SAR BB BATHRFEIL S, Wil 3 Pn. S
HyE bl SAR MR, 25 K508 C wiB HV )
L) SAR MR, BB/ A 1138 3 x 1675 &
2, FrILRC O X OB VV LI SAR K, K
BRI 688 1538 x 808 153, W& EEMYA:
ACH L K R AN

(a) 5% {25

(a) The reference image

(b) FFVCHC 4 i bl
(b) The pre-matching image

3 VLR B
Fig.3 The original image pair to be matched

AR, Sy JFFULHE SAR P i S i
H1 3% KO0 L0, o AR ik 2 Kt B 4
KREAERI PR, bl Sl R @ kR 34 7, B
BEKAN N, o 400, FISFIBEBHLI 2, AU P
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J30.7, M P, K 0.08. HIZATREL N, 94
AR, SSDD /T BIfE, M BANET R, SSG Jrik
R UG IE L S BE (AT 15 % VE A VLIE
f, BRI P AR B KO B4 A7, BN N A
600, fi KIZ1TAREL N, 4 600, A& XA AL SFHER
5 ARSCTPEMIR. #0968 1 il LA K B/ 23 9 2
* 1K 2 s,

1 ARSI G IR Ky e

Table 1  Initial range and resolution of each gene in
the proposed method
SH SR PR E PR
Sa 0.5, 1.5] 6 0.0313
0 [—15, 15] 5 0.9375
r (0.7, 1.3] 5 0.0188
ds [200, 500] 9 0.5859
d, [400, 700] 9 0.5859

F 2 AT IEEE R G (4T 4R Y [ A A3
Initial range and resolution of each gene in

the previous method

ZH 2R Gtk g i
as 0.7, 1.5] 9 0.0016
as [~0.5, 0.5] 9 0.0020
by [<0.5, 0.5] 9 0.0016
ba 0.7, 1.5] 9 0.0020
o [200, 500] 9 0.5859
ca [200, 500] 9 0.5859

VLECEs Rl 4 R 5 fros. o, Kl 4 (a)
K 5 (a) I RR R HIAG VL B /AR VL C A 1 AR A
&, K 4(b) MK 5(b) P RRRS SILR G
buks I el I PSINNLSY C i pr S IS NS Ee Ok S
IEfAVLHAC, {5 SSG Jiikrh 2 5 LR ) s AR A2 T K
TAIT P S H LR 2

P59 (R VG I e S Bl il 6 s, [
6 v, B RIs AT N, RSB, K
6 (a) " B ihZKn SSDD molesitton, a2k
R SSG LSS IL, K= Hh 23k SSTF sk
L.

N TP A SCIE UL RS B, AR S0 T Tk
BOT Pa R R 7 2 A A AR R A L L
FLiR ZE WK 3 oK.

ARSI AR UG SE A BN AR TSR, 1%KL
CLZIX B — BN EK, i HLEE SSG U5k iR L

A 1.4 5. ARSCOESEINIZATIN ] 4 130.296

Fr, SSG J7 VAT (R4 1639.139 #5, 24 5 AL
Jii 12.6 15

(a) TINRARSE S, (P) &% H

(a) The reference image superimposed S, (P)

(b) B4 AR S, [P ILRE K (%
(b) The pre-matching image superimposed S,
Bl 4 AL RC S R
Fig.4 Matching results in the proposed method

() BN S(P) EH5H

(a) The reference image superimposed S (P)

(by BNV AR S, RIFFVL IR 4
(b) The pre-matching image superimposed S,

K5 SSG ILficss
Fig.5 Matching results in the previous method
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(a) Convergence chart of SSJF in the proposed method
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5
g 435 —
£ -
é 351
S 3p
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(b) SSG BEEARRHE K

(b) Convergence chart of SSG in the previous method

K6 VLB sl as R IE

Fig.6 Results of measures converge with Ny

*3 ILECREZR (B %)

Table 3  Table of the matching precision (pixel)
Min-X Max-X Min-Y Max-Y RMSE
SSJF —0.3102 1.2935 —0.0172 —0.8788  0.9250
SSG —0.0114 —-1.6839 —0.1083 —1.9478 1.3420

N T RE B IR A S5 VR R IE AU AL A 5.
X RS B REE  O0, ASSCAs I T M AN
RMSE HSE DL, sl 7 fras. WK 7 sl LU
H, ASCVERR TAEYIAR K R A E B BL_E R B ER
b, FELed R RN 5, 2B R — 20l
S, BIEHEAS I, RMSE @i mfase, uEw]
ARSI EEAR BRI B0k, LB 25088
P FCSEVLAC .

1007
el
25|

20- ........

O —To 26 30 40 30 60 70 80 90

(@) A7 RMSERf 3 A B0l 80

(a) RMSE's convergence in the proposed method

40
(/)30.
& 20}
10 7=

—
100 200 300 400 500 600 700
N

(b) SSG /7% RMSE Bfiis AR Bofcsi i
(b) RMSE's convergence in the previous method
Kl 7 RMSE Rl ksl il
Fig.7 Charts of RMSE convergence with Ng

6.2 WRBHXZESHE SAR E{RLECSLLE

A S 56 ) FH Sk 08 e DX 5 A [7) 3 55 1) 7 s A [
I AR SAR MR REAT M AR AEVL I, i 8 B,
S EE AL SAR BR, S5 KB/ 2460

193 x 2354 123, HPHN 1.0 K; FFILREG K
N 1029 B3 x 961 R, A HER Iy 1.35 K, A%

ML e R TR K R

(a) 7% BB JEIE

(a) The reference image

(b) f5 ILRC B 5 R
(b) The pre-matching image

K8 DL &G ]
Fig.8 The original image pair to be matched

ASCTTEF, Sy NFFULES SAR KGRl 2o
A 3% MIAIaa s A, B/ HEE i 2 40000 [ A0 2 )
K e, JeEiR Ko 33 AL, Bl K/ N,
9 400, P. } 0.7, P,, 4 0.08. SSG J7ikH, LI
FFVCHC PG00 25 FE AT 10 % 1E R DTRC sS4, Gett
R 54 47, FEER/N N, 24 500, P. 5 0.7, P,
90.08. e RIBATAECAR &R 330, SAILA M HYE
PLR I /NGy R NR 4 IR 5 TR,

R4 RIS IR VG R R
Table 4 Initial range and resolution of each gene in

the proposed method

ZH Z 41 VERE NS Vig | =S
5o 1.0, 1.8] 5 0.0025
0 [-5, 25] 5 0.9375

(0.7, 1.4] 5 0.0219

d, [350, 650] 9 0.5859

d, [400, 700] 9 0.5859
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K5 A LR R G AD 1AT4R VE I B2 4y A
Table 5 Initial range and resolution of each gene in

the previous method

24 SR Pelo K Vg =
a [1.0, 1.8] 9 0.0016
as [~0.5, 0.5] 9 0.0020
by [~0.5, 0.5] 9 0.0016
by (1.0, 1.8] 9 0.0020
¢ (350, 650] 9 0.5859
o (400, 700] 9 0.5859 (a) B S(P) MBEK

(a) The reference image superimposed S,(P)

AR5 UK AR P = [1.3656,15.1397,0.9993,
509.44004,499.9857)T, SSG kR4 3 P =
[1.3145, —0.3602, 503.5214, 0.3438, 1.3101,
520.6374]T. ULPCZE R 9 FE 10 fioR, BoR
A5 S 4 FE 5 A7 A, (b) BIMWIAE 5L S, (A ICHE 1%

(b) The pre-matching image superimposed S,

K10 SSG JrikILRC4: R
Fig.10 Matching results in the previous method
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n —_ n [5%] wn
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() BIEALAE S, (P) 5% B

(@) The reference image superimposed S, (P)

|
o
n
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50 100 lSON 200 250 300 350

&
(a) SSTF Fifikf yRF A S ke
{a) Convergence chart of SSJF in the proposed method

34010
32 s
3 =
= 2.8 .
(b) BINAIAA S 4 S, AFITACE B £ 26 .
(b) The pre-matching image superimposed S, E 24} :
o A SETLRLLE R 2
Fig.9 Matching results in the proposed method 1.8
1.6
. . . . 0 50 100 150 200 250 300 350
A I DR S S 11 B, 3G T
%jﬁj{t% 6 *H IE ' ZIKi E‘I@ ﬁii%i:l:% ;'/Eq 10 éﬂ Ia ) ConvcrgiEfoli%)% g:(g}\f\iti&cyﬁrc%’ious method
AR KR A R, PRR TV B DL RS JE B , ‘ ) .
%6 PR, 6 W, AL SSG 1 R
J7 VRO RE BE ) 3 4%, A SCIAE AT IR A S 485.234 Fig.11 Results of measures converge with Vg

B, SSG JriARI SIS Ta] ) 1788.828 B, ILHLALE g3 iR S MA SAR Efg iR
ARy 3.7 £5. RMSE Asiti ol i 12 Jiios.

12t K BEWCSI I Ay EUE W] T AR ST ik B Js ST ARSI A P T DX A i AN TR R L SAR IR
JITERA . BEATHRFAEVCAC, PR SZAR T B = 58 ™ 2, {5 bl
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*6VLECREZE (B %)

Table 6  Table of the matching precision (pixel)

Min-X Max-X Min-Y Max-Y RMSE

SSJF 0.0696 —2.1128 0.2811 3.0478 1.7909

SSG 0.1857 —6.6606 0.2571 4.5872 5.4380

70
60r
501

= 40} -

Z 30} _—

0 50 100 150 N 200 250 300 350

(a) A3 777 RMSE B AR SBcox b
(a) RMSE's convergence in the proposed method

6t _

0 5I0 lUIO 15I0 N 2(;0 2é0 3(;0 350
(b) SSG /% RMSE iéﬁ‘iif*tiki”ltl’xé&l’é‘l
(b) RMSE's convergence in the previous method
Kl 12 RMSE BHiEAQR S =
Fig.12 Charts of RMSE convergence with Ny

AR, SEIAHE A HLEL SAR KIE, % BB KN A
1576 152 x1055 5% (K 13 (a)), frUCELEIE K
/NA 426 153 x 325 B E& (K 13 (b)), &2
A Y BTE . Mg MRS

AKILTTE, So ARFULHE SAR BIHG 0 2o
W 3% MIHIGG SR, S5/ o3 H26 Bh 2 30000 [ R0 2 1
KL YoE. etttk DKo 33 A, Bl K/ Ny
9400, P. 4 0.7, P,, 4 0.08. VCECgs R antd 14 By
7N,

SIFT SykiUCitss Lk 15 Fros.

ARSI EAR RN Y 2= R AOR, (HAFULRL )
PR BEGAT) DR 5 R P AN A 4 Je DT 1 DS P
T3 AT B (R P 1, A A5 A SC T 1k R IS L
AR Ry 356 T R ARFAE UL RS (1) STFT RFAE UL
BC 73, H T S E s A A K IR e P A T B
7P STET Ak i £ v AL 5 K (1) R AR R AiE
R AR VLS (9 [R] 44 0 A A7 70 58 22 1R 4 DL TE
XF, BT SIFT FEAEVCEC A HERPE. ARSI RIFET
TRAE 10 A A A4 5 A A 2 R, PIRR 7 V1 ]
G UCHE P REXT Lh 2 7 B,

(a) ZE G5 K

(a) The reference image

(b) f ILAC 5
(b) The pre-matching image

K13 DLAC KGR
Fig.13 The original image pair to be matched

(2) BV KE S, MTFILACIEE

(a) The pre-matching image superimposed S,

(b) BINEAIAE S, (P) BEHE
(b) The reference image superimposed S, (P)
Kl 14 ASCTTETLRCSE 3
Fig.14 Matching results in the proposed method

B 7 Rl ASCHUCECHS B4 /2 SIFT ULid
RGREM 3 f52eAT, AR T3 AT AL AR 5, AR A
ST T SIFT Jiik, 4TI a5 SIFT
Tk 2 15 A

AT SN WM s W R s RV IR R
ST WD 7 VA T ¥ S 50 45 AT T MG EoHE, 3L
ZE Ly BN 16 (a) A1 16 (b) Fin.



2062

e

i 39 %

2
%

Kl 15 SIFT JjvkULiiss R
Fig. 15 Marching result of the SIFT method

RTOPIROINE KRR I RE

Table 7 Comparison of the two methods’ performances

SSJF SIFT

RMSE (%) 1.1856 3.5496

InfTH] (F0) 650.189 381.968

(@ ACTERALE

(a) Registration map of the proposed method

{b) SIFT 77 vAMEHEAS
(b) Registration map of SIFT method

K16 KGRECHES: b

Fig.16 Comparison of the registration results

MAECHE S5 AT %0, A S5 1L I E R 2506 RE B af
ST T VAR e M, TC T I ) A T P AR R
WS 0 B, MEET SIFT VU s ) e v kS 3 B
WK, A1 S0 s R R R 2 T A A — 5 R

72, QTR R F T R AT P 45 rh MR S 1Y) B s
P P 45 2 T A7 A T Sk P D

6.4 SKIELERSH

MUCHE S5 R F #4R AR SO vE T e 2 T
SSG Fl SIFT J7iEmMERE. fE5286 1w, b T 435805
H 15 moRE I, DSRCS 3RS A AN, 45 R W) AL
TS IS T SSG Ty ik, (HAE R 7 1H, AL
T SSG Jiik; 9 2 ) VCECAESEA A ], AL
DPAEAETE SRS FE RN 2 AN D5 T P RE T K v T
SSG Jrik; fESK: 3 b, T S A2 A0 T B 5 5
M )% 5, STET HRFAEVEAC 5 v+ DU FCHERf 2R FIORS B4R
FHOH AR, A REHUAS LU IR, (T A ST 70:AT)
SRAE S L R M MER UL, 6 W16 M 28 28 55 8 Al
AHT-BE I 5 A () SAR KM%, ASC)7vEH SIFT
T3 A U (R 3E N

BRI ST 1 10 52 36K 5 Bk 21 RV RS T 1 40
B, HEANIZEE L P R, FER R TA
SC I B VT BC AR AR 2 H00R FH s A% O 1R AT A Ak A
B, B BHAOARREL R AT XORNAR S A5 R4k 2 BE AL
AT, FESEIEIEARA S BARM. thAb, SE5
R o AU T TR AE, 5 L8 BT TR IR 44 45
PR G ATAE RS BT VAN LUK, AR SR 2
S8 ATE B — M UCHC N ISR e — R o 4T
7V

78 VC P 252y T, 30 AR ST 1 i 45 R AR Ak Ak
RSO VL LR 1 T IR Sk AR I R T
I, FERCR T A BCE e R, SRR SR
JE . AH T A ER A I BENURE M, R A S R
WA 22 AR SRS (A A7 O, i 43 DC T I i) 475
SR, T BASATIS A L SIFT RS AT IS a4, A
THRACIE R IIRCE.

7 it

AN SCHE T30 G s R AL (1 IR 5 AT BRI P oK iz B
SAR EUZMHFAEUCAES.  FLI o0 47 0 S 56 56 1F & B
FER LU T 20 SAR EMR. 2B 2 ik
SAR K& 2 1AL L, RA B IaE vk, Hig
R ey I C K S R 283 ) IR AR 58 A e g
Ry SR AU Tk, T DA il A s AR B S5k
R AR AT S B i, I RAR S H
(R340 3 V(AT B (L BE R, TP PRl 45 D G o 07 A0 2 ik
BRI IR, SRR ARG . 0 gt i PR A2 e
Rt R DU D) P 80 A0 P 7 S A A
AT S R AT A T . B T A 5k
RERBUR, AW — D, T2
FAEPAC TRy T e .
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