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Abstract: To solve the problem of matching difficulty caused by the significant nonlinear grayscale
differences between SAR and optical images, this paper proposes a fast matching algorithm based on
image structural properties named SOFM(SAR-to-optical fast matching algorithm).The traditional methods
based on image grayscale are generally difficult to resist the nonlinear grayscale differences between SAR
and optical images, but the geometric constructs and shape features can exist stably among different
types of images., so in our the proposed method both the magnitude and orientation information of image
gradient are used to build a geometric structural feature descriptor named AWOG (angular weighted
orientated gradients) . then based on the template matching strategy, the sum of squared difference of the
descriptors is used to define the similarity metric for matching and then the image matching function
expressed in the frequency domain is given. A complete set of image matching process is established based
on SOFM, and has been validated using multiple pairs of SAR and optical images. the results show that the
proposed method can effectively resist the nonlinear grayscale differences between SAR and optical
images, and outperforms the traditional classical image grayscale-based methods and existing image
structural-based methods in matching performance and precision.
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Fig.1 Computational process of orientation and magnitude of image gradient
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o BGRB8 DOM, 38 56 1 B2 b 4 FH i 335
HLECE A Intel (R) Core(TMDi9-10885H CPU @
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Tab.1 Description of datasets used in the matching experiments
2% %14 DOM i A& DOM
B dh - - e
g PRI CHIRBD P BT e CHIRID F N/ 1R % 5 L
i [ /m i 7] /m
1 TerraSAR-X 2007-12 5345243 Google Earth 2007-11 528X 5243 ifémﬂ:ﬁ?ﬁlﬂ&)ﬁg%ﬂ’ i
H
By i 2 s / N E3
2 TerraSAR-X 2013-07 600X 60 030 TM i Bt 3 2014-03 600 60 030 ;E}ﬂ?iﬁ% 0 5 5 B K R
3 K4y 2019-08 777X73710  Google Earth 2019-04 777X 73 710 i{iﬁﬂ?ﬁﬁmf};ﬂ%iﬂim 8
5t ) ’ Bk M. s I L 5%
4 B4y =B 2017-02 1000X100 010  Google Earth 2017-08 1001100 110 RARAT NN RN S B8R

w

K5 2019-12 3624396 310

Google Earth 2019-06

XS AF AE A

3625X396 410 AR o % [ BE 3 1T B JE] 1 4t X

B8 Ry i 52 1% 1 4 ek 18, T LU R R 5
I A7 AE B 25 1 AR v IR B 25 5.
3.2 SOFM 73 iR & O K /MiE F"'Eﬁffﬁ
AR 1 PR 5 4l B . # ImE 2
Y UC B i R X AR AT IC . M E R E O 7'9
31X BIARE BRI T T R (41 X 41 (R R ~
101 X101 & F) , ic 3% e & (1) o5 %k DA K e i
N SR RIS R I 2,

x2 AEAEBREATHHELESER

Tab. 2 The results of image matching with different

template sizes

Bt e R /R i e BB R/ OO
41X 41 865 1209 71.55
51X51 1007 1199 83.99
61X 61 1121 1211 92.57
71X 71 1065 1110 95.95
8181 1080 1100 98.18
91X 91 1075 1085 99.08
101101 1075 1081 99.44

IIHTEE 2 RS A AT BE A B E R AR
RS B384 R fe 2% A B2 i 2 Bl T

R i R UBC DE S R RO LR BT Y
PR HRNF B R 61X61 MR Z I i a5 1
HEDUH BB TR B R BB R KL
E I R AR 7 H A9 R [ 2 O 61 X 61 1R
Rpap,
3.3 SOFM 7B RE O K /NE M 5 1
R 1 PS5 4l B, Xl 2 18
LR A T (4 90 A AR )2 G IR] Y 4 A A
2L HEHE 61X 61 R F MBI A 1L X TR &
PR IAT R AR N R TR AR )
E‘J{Bﬁi/‘%ﬁé%z&#ﬁﬁﬁﬂw%%ﬁ,%ﬁﬂfwi
G AR TR R BURFAE S R R PO R i
21Xz21 Tﬁﬁﬁﬁi‘ﬁﬁﬁﬂ,lﬂiﬁ%ﬁtﬂﬂﬁﬁﬁu
L2 VB T 21 A 5 R R 25 R L3R 3.

x3 HBEFELESER

Tab.3 The results of image matching using image pyramid

SFHEH HREDRT Bl BA8 R/O0D

1:8 [ 143 143 100

1:4 21X21 290 299 96.99
1:2 21X21 610 639 95.46
1:1 21X21 1117 1211 92.23
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Fig.8 The images used in the experiments
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