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Automatic registration of optical and
SAR image using geometric structural properties
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Abstract: This paper proposes an automatic registration method for optical and Synthetic Aperture Radar
(SAR) images based on geometric structural properties. In the proposed method, the phase congruen-
cy feature with photometric invariance is first introduced for image feature extraction, and then both the
magnitude and orientation information of phase congruency are used to build a geometric structural fea-
ture descriptor named HOPC ( Histogram of Orientated Phase Congruency). A similarity metric named
HOPC, is defined for image matching by using the Euclidean distance of the descriptors. This similarity
metric can capture the geometric structural similarity between images, and has been tested using 4 pairs
of optical and SAR images. Experimental results show that HOPC, is robust to non-linear radiometric
differences, and outperforms the state-of-the-art similarity metrics such as correlation coefficient and
mutual information. Moreover, this paper also design an automatic registration method based on
HOPC,. Experimental results demonstrate the effectiveness and robustness of the proposed method.
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Fig.6 Optical and SAR images used in the experiments
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Table 1 Description of datasets used in the matching experiments

ZHEROEF) i AFI%(SAR)
R4S LIk (SRR KN EH) 18RS (SRR FANEZ) PG AL
ARIIRF i) S H%/m BRI i) S /m
. Google Earth 528 x524 TerraSAR-X 534 x524 . . . Ju.
i 1 1172007 3 12,2007 3 PEFIHTHIX, G5 R0 G I
2 Google Earth 628 x618 TerraSAR-X 628 x618 BET IR H X, S5 H R LR AE e Il , 1%
* 3/2009 3m 1/2008 3m [ALEA 12 A 7 A2 5
. ™ JE: 3 600 x 600 TerraSAR-X 600 x 600 e s T
i 3 52007 2 3/2008 0 PEFRBIMBIX. , G5 F RIS AR AR o 15 b
- T™ B 3 713 x 730 TerraSAR-X 713 x 730 . s .
R4 3,014 30 /2013 2 R FRBIMBIX, G5 H R AR T B




6 THILEE 4 T LTSS MR PR I R SAR B4R B Shiife 725

L YRR R ST BB (40 124 x 124 $42) , HOPC,
{14 DT e 1E 4 840 1) 4 99% 11 91% , Tfii M i D i i
R4 B A 63. 5% Fl 64. 5% , MTM [ 1F # 2 ]
I3 51H 56. 5% F1 41. 5% . 3252 Ji PR 23 6 20 i 6
() SEAG TR ELAT FHARL I B2 PR AR T L AT 85 R SRR AE (40 550
YyFNE AT ) T HOPC, BEA% RN S AR ] 1Y JLAT 45
FABALPE , BT LAAH LT MI AT MTM BA5 4k W 53 1
P, XbF 07 F 2B A b XA o 0 R 5 1% (36 3
F14) ,HOPC, FHXF T H e AR B R L A
JITREAIG. ST LI, T B PR Rk T 6 A 1 1%
PR R sy S S0 YN EZey VA o S 1 0.0 e W 33
4 AR ZE A FIES B AR BN 5, A T =
2135, HOPC, 19 G FC 1E A 55 30T 488 B S ()
fik. X6 T HOPC, B VEFLERE 2 2K T RAAR 1
JUfaf & @ vk, ISR SAR A0 i 2 AR AR (5 B g F
w5, HOPC,, (W PERRs A BRI, 48 an ik, HOPC,
Y VT C IE A 28R & T AR . B S 2,
DL B s 45 R 32 W] HOPC, BEAE B4 ik PT o7
1 SAR FEAZ [ AR PR i 22 52
3.2 RIS 2.5L%F0 SAR BGE AL RN

9 T SRR T HOPC, /9 B 3l BC #E J5 2 1Y A 2
P AR SCR LA [F] 43 B R ) 7 35 3 o2
F SAR AR EAT0 88, — 20 2ok A TerraSAR-X Al
TM & 25 I XB A X rp 43 B R 5248, 53 — 4ok
H TerraSAR-X Fll Google Earth 1317 #h [X 5 /3 P
AR R EA 14 4 BB A 25 5. 3 241 500808
MR R BN 2 s, i T HEF RS BT , i BLR
T T RAE S AR HE S B 218 e
40 ™[] 44 s AR R A o, I A E AT A RMSE Sk
7N ELHER

K8 s T WAL A B eSS S, WBCK B A5
B BT AR R AR RO B 35 A e
AR 225, SR MILHE S S IR R B &
PSR AF. 22 3 44 T ECHER AR P A IR 44 S R AN
HERGIE. AT LUE 6 TSR, AR SO ARk A
TR IEARVC L A 332 P R 2R T LT 25 A8 AH (L1
F2  EARISETE P BUE

() HOPC,, REfS AU MR BT AR B AR S M i 22 5
BT VT C P e, 78 Be ok B2 7 T, B T 1
B S TR M X ) rh 3 B AR, SRR I AR 45
AN LA E B BC RS B 2 i T 2, 03k 8] T &
T RS R X T 2, AR 2 5 o0 Rl X
(ISR, 2 X B S B I 23 T 4 38 114 Jm
TEAE R EOLIRAG T XS RAR A B RS . RS ik,
RIS 2 PR E WA R T 1,21 MEE W FEREK
(AR AT BRI G R SAR SEARI & , ok BE 2 3
ATWREY). 83 DA b 2 R A, AR SO L RE S 4
HIE TG4 SAR 44 A0 TC 7.

B8  FCHESS R, 56— TSR A7 X il 1 Al 2
Fig.8 Registration results. Line 1 and Line 2 correspond to
test 1 and test 2, respectively

x3 BAERE

Table 3 Registration accuracy
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Table 2 Description of Datasets used in the registration experiments
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