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Optical/SAR Scene Matching Based on Two-dimensional
Multi-scale and Multi-direction Gabor Templates

JIANG Yun-hui
(Southwest China Institute of Electronic Technology, Chengdu 610036, China)

Abstract: Generally optical reference image and SAR real — time image are used for feature extraction and scene
matching in SAR( Synthetic Aperture Radar)imaging guidance. The heterogenous optical/SAR image matching
method proposed in this paper extracts and matches image Gabor features using two — dimensional multi — scale
and multi — direction Gabor templates. Firstly, directional Frost filtering preprocessing on SAR image is per-
formed . Secondly, the Gaussian gradient image of the optical and SAR image are calculated respectively. Then,
features are extracted from the two Gaussian gradient images using multi — scale and multi - direction two — di-
mensional Gabor filter group respectively. Finally, NCC ( normalized cross — correlation) matching on the two
characteristic matrixes is performed. The proposed method implements scene matching using optical image and
real — time SAR image directly. The experiment result shows that the heterogenous image matching method is
more robust and accurate than other traditional methods.
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Fig.1 Function model of edge cross section
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Fig.3 Gabor templates with one scale and 18 directions
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FTFZ R BE L 75 10] Gabor U8 I 8 2H (4 R 10F 46 [
P SN R L] R B AN FP S e NS
BRKKFEML T o LA Gabor FAR K/NA 33 x 33 K
B A5 58 0 K B IH — AL B AH G383 75 ZE A A 33
x 33 = 1 08914 Z I UG B A iz 3, BL7E Rt
B8 x 9 =72 PICEBIFFEM M AR B 5, 18 B
BEEREPIIDT o



5525

H T Z RIEZJ719] Gabor AR 67 /SAR St 4 ILHT

5 6 3]

5 ET Gabor $H{EAERERIT—L EFEXILAL

5.1 HA—UEHEXEREREE

5 B 3L F K 1 A — Ak FRH S DG i B 4 % Ak
HER RN S EA T AR S DU C B B o Y St [ e S v
Pl Hbn] B i B P 3 g ) B, PR B S ) ] A i o ]
BAFTRENL B 1 1 25 YA I8 — A0 B A 56 B B (E, o
A EAH AR 5 T AR DG il T, R G i 18T i) A
DR T Y 5 A TS e U o 38 i e WA O X 02 1)
7 5 B Sy S B LA S v e A DS 7 o T e e W
AP35 22 47N A SR W AR R AL hy R i 06, UK v e 5 e
WA 22 [] 1) BUARL T DAY Sy DG TG 845 BE i A

CLRIIEAER] X RSF M x N2 Yy RsFl
m x n, WU — A0 E A 5 A A S (B Ry

202
r, = - ‘"=‘ =1 — (6)
S5 S5
%, a W BEHER B X A AT 3R SR TS K
BEAE 5 v M SR Y AR G AT S AR O K
o AH I R BB N AR S E ] b o B
h e FEVC C A B o

LS — Ak B AH DG UG B 55358 FH ) ] 5 5
(Eibb= JUNIVNTINERONEECAN) E e iy & I IR T RS
o Rk, P AR S BT BB R R RS T
5.2 ETF Gabor $FEEFER T —L EHEX LA

AW 22 KL 75 1] Gabor 45 HE 3R B 5 10 —1k
HAHICVC AL MGG &, 3 66 /SAR & 1K) Gabor
AEFERE AT AH G UL, 3 T Gabor U8 3 #5 % B4
WA AN URR ) R A (R B L 0 — b A DG B3k IS
TC VR P o AR R T EL RO oy 1 Sk, PRt L
A BRI A

Xof T R 35 o L /N SIS L ) S L DR, S of 5]
X RSF M x NSERTE Y RS0 m x n, WZNSERT
P R v ] it D 8 2R X3 RN R (M= m) x
(N = n), SEof EIE R K th B 3 — MR R AL
B B ST ] 5 o R e M IR R A A ) B
[ F B F B UC L — T, B S e [ 4 ik i P 5 R e
P15~ VR AR A PR A 7 A DG IR

F S Ao L R B o B AR A 2238 KT Gabor
B, 47 Gabor BEAR K /N R & x &, WK 52 Bof (8] 0
HERF BRI 53 B (m/ k) x (n/k) A Gabor FF X 3,
MRS FRIX AR RE T35 15 2] — 4>/ Gabor FRAEFR

B R (m/k) x (n/k) 7N Gabor HE 58 PR 2H %
—/NK Gabor FFAERERE:

PASZE & R /N 480 x 320, Gabor B K /N Ky
33 x 33 A, 7]N Gabor FFEAEFE K/ 9 x 8, 1M K Ga-
bor 4 [ B 14 x 9 4~/IN Gabor 45 AE 45 B4 2H i, B K
Gabor FFAEAE I K /N R 126 x 72 PR 480 x
320 FY MR D BC A% AL A 126 x 72 K/ RHIEHE
R4 R4 T VR IE , AH G DL i is B KR 1
5.3 SERICERRL

R T AR S R VLS SE I, T LR LA
J7 R R AT

(DI RFEmAAL

AT AR S5 o R0 S B LR AT 4 E I A, B )
45/ NEMG AT Z R IC IO, — A W= 2
Al JEAEIR ) ER h l B AT B 5198 2 F Gabor
FRAEVCEL, TR ST , 753 235 X0 IS 2 18 R AL
BOA B SR IR 0] b — 2 3% X0 i 1) 52 B 1 AR R v
P, AL DT R B8R P A RS DR

(2) Gabor FHETTHEALAL

FEUE 45T ) Gabor 43 AE 4 B AN 7 22 52
SAL AT LAAE S Ak B TR ST T AR BN 25 SE R R
Gabor FFIE R FE T ZESL AT, (H AT DA 7E i J7 $% R A1
IRTHSE A o0, 406 A3 by 38 2 ) U 0 1 SE i
ST Gabor FRAEHE MRS T I —fb B AH DG AL 2

() IA— AL B A AL

TR AT DA TR I

( Z Z x[mj)z
A N (7)
(Z2)(250)

Hdr > Zx%j{l%/ﬁ?@ Gabor FFIE A 14 14~ 7 Al
A LAAE SR AR FREG TR 2 yiﬂf’iﬂj‘ré—] Gabor %
TERE RS-0 F0, B 5 B4 31 1B 7 Bl Gabor F¢AE S
PAEDCRCESARANAR , W] LA S5 B Ak 33 A 0 A48 R T
%;22%%%%7@%@ Gabor FRAiF A [ F1 52 i) 1]
Gabor FHERR B (1) A SGH , 75 B AE BRI AE FR 45 2R B
A,

AL, D BCARk B T T AR AT AR X0 X0
S0y, FEF UL S Sy OB AT, KR
WD T S R

6 SKIZR

BRI R R B I S AR, 18 5
- 925 -

v o
5 B



www . teleonline . cn

ZENA R N 2012 4

AT UL TR B B MEI, 18] 6 O SAR S
B 7 Rgead Jr ) Frost JE 5 19 SAR S0, &
8 e FEUEIR] ) b BE 4T, 141 9 O SAR S ]

(B DRy A

F25

K5 SterdkiEr
Fig.5 Optical reference iamge

K7 SAR J7 1] Frost JE I &l
Fig.7 SAR Frost direction

filtering image

Kl 6 SAR SZHT A
Fig.6 real — time
SAR image

K8 Strmibkb R
Fig.8 OpticalGaussian gradient image

- 926 -

K19 SAR ks IAl
Fig.9 SAR Gaussian gradient image

Y B E SRk B4 DT AT R RS BE XA A4S
PSS AR O AL Y SAR S I 18] 15 0l 27 R ofe [ 1A
VUPCHE. SEH R A T ORI SAR BRBEAT T804
Bk, LIPS R AR A 3 2R
PEATVEBCIA S, £ 2K S X 5 R SAR SEi AL, [A]
I X ) SAR P 50 B g s [] g 6 e % A0 4 e oy
AREAT DCBC IS, H XA A AT T o, A2
1 PREER

F1 MEXKBER
Table 1 Results of matching experiment

ik i DUELIERRR JUNIGY s
/ <10% =>95% <22 MERE
/ <20% =91% <34 MER
<20° / =96% <2 3ME&E
<30° / =92% <4.5 MR &
<20° <15% =90% <4 1B %
7 ERIE

MPCHC S 25 R, A SCrik iy i F 2 RE
ZJ5 ] 4k Gabor BiHR 2% /SAR 5t 4 T FL 3 1%
LA R T Gabor FRAE$E HURNIH — 1k B AH GG,
BARG M SRR IC AL & B A A% KR E, A
AN T B A b T 051 X6 2 R A 5 5 2% iy Sk v
i, M HR A T Gabor 38 9% #5437 AiF $2 B fE 70 IR
SAR S I ] 1 22 Ff i A2 W] 5] X5 Gabor $fiE 46 B i
T E AR 2 BA R SRV, J)
G AR SCRTIAR T 7 5 4% G2 A — 4k B AH JC T L 57 AR
PR & 1Ak By Sk

SEBGFRH ARSI G 2F/SAR SEAGE AR UL L
Jr i A0 R B0 I 1 S B RN A i 1 DT
FEEE B A TR SE B, A BB AE SAR B4
il SIS BN — 2PN . T — 2 TAERN R R e



5525

H T Z RIEZJ719] Gabor AR 67 /SAR St 4 ILHT

5 6 3]

JL A 65 2R 4 R H 1k 6 a0 o R A 58 73 52 6
Tk, X B TR S B AT HE— 2D BT

S
(1] RRBF A E S HOR BOLBUR S & )] Az B2

A, 2003(1):11-13.

XIA Si - yu. Precision Guidance Technique and Its Status
and Development[ J]. Aeronautical Science and Technology,
2003(1):11 - 13. (in Chinese)

PR TR RS RS, 45 . GHE Y Hausdorff B 25 A5
FERIEAE RS T BE A9 AT L) ] LAt B R4 244,
2000,20(6) : 733 — 737.

ZANG Tie — fei, SHEN Ting — zhi, CHEN Jian — jun, et al.
The Application of Improved Hausdorff Distance and Genetic
Algorithm in Image Matching[ J]. Journal of Beijing Institute
of Technology, 2000,20(6) :733 — 737. (in Chinese)
Gonzalez R C, Woods R E. Digital Image Processing[ M].
2nd ed. Cranbury, NJ: Pearson Education Inc. ,2002.

Tsai S X. Introduction to the Scene Matching Missile Guidance
Technologies [R]//AD - A315 439/0/XAB. Fort Belvoir, VA :
DTIC,1996:1 - 11.

FEIBHE, BRI . T /N IR A 2 )2 T8 I A
UGN T3 ()] HIRECA, 2008,48(1):90 - 93.
JIANG Yun - hui, CHEN Huai — xin. Ship Detection Method
Based on Wavelet Directional Filter in Cloudy Remote Sensing
Images[ J]. Telecommunication Engineering, 2008,48(1):
90 — 93. (in Chinese)

Frost V S, Stiles ] A. A model for radar images and its appli-
cation to adaptive digital filtering of multiplicative noise[ J].
IEEE Transactions on Pattern Analysis and Machine Intelli-
gence, 1982(4) : 157 - 166.

Bovik A C. On detecting edges in speckle imagery[ J]. TEEE

Transactions on Acoust, Speech, Signal Processing, 1988,36

(8]

[10]

(10):1618 — 1627.
I, BN . BT Hough ZEH AR B3N SAR EIE
AL ] TR SHAR,2005(3) 156 - 162.
JIANG Yun - hui, PI Yi- ming. Road Detection in SAR Im-
age Based on Hough Transformation and Genetic Algorithm
[J]. Radar Science and Technology,2005(3): 156 — 162.
(in Chinese)
Liu Cheng — jun, Wechsler H. Gabor feature based classifi-
cation using the enhanced Fisher linear discriminant model for
face recognition[] 1. IEEE Transactions on Image Processing,
2002, 11(4) : 467 — 476.
[ 5555 , INARAR , X/ 46 4 R R AE R L I vh
W AT L) ] B CB A A, 2005,33(4) :36 - 38.
HE Fang — fang, SUN Ji- yin, LIU Xiao — lei, et al. Lay-
ered — searching for scene matching[J]. Modern Defense
Technology, 2005,33(4):36 — 38. (in Chinese)
FHISHE. S/ SAR ER 2 DSP S IEIE REEH Bt
SIS ] I SRR, 2011,25(5) 1449 — 454,
JIANG Yun — hui. Design and implementation of a multi —
DSPs' real — time matching system based on optical and SAR
images[] 1. Journal of Electronic Measurement and Instru-

ment, 2011,25(5): 449 — 454. (in Chinese)

EEREN:

HIEHE(1977—), 55, B XA, 2005 4F T T RHEOR

FHGEE SR L A, B TR, 205
J7 1 R AL BE | F AR RSB ] 5

1977

JINAG Yun — hui was born in Wugang, Hunan Province, in

. He received the B.S. degree from University of Electronic

Science and Technology of China in 2005. He is now an engineer.

His research interests include image processing, target recognition,

precision guidance.

Email : jiangyh @ swiet. com. cn

- 927 -





