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Abstract: Optical SAR image registration is highly difficult because of the geometric and nonlinear radia-
tion differences between optical and SAR remote sensing images, as well as the speckle noise of SAR.
Thus, this paper proposes an automatic algorithm, based on phase congruency, to register optical and
SAR images. First, the maximum and minimum moments of phase consistency are calculated, and the re-
sults are superimposed. The feature points are extracted from the superimposed image by the Harris opera-
tor, and then, the stable corner points and edge points are obtained as the feature points to be matched.
Subsequently, the phase-consistent orientation and the maximum amplitude index map, based on multi-

scale fusion, are constructed with the help of the HOG template. The maximum amplitude index map
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based on multi-scale fusion is voted using the phase consistency orientation, and a novel local feature de-
scriptor is established. Finally, Euclidean distance is used as the measure of the feature vector, the nearest
neighbor ratio is calculated to realize feature matching, and the fast sampling consistency algorithm is used
to eliminate mismatched points. Experimental results on three sets of image data show that the proposed
algorithm has more correct matching points and a higher matching accuracy than the gradient-based OS-

SIFT algorithm. The number of correct matching points is increased by 11, 8, 15 and 11 pairs, and the

root mean square error is increased by 57. 5%, 57. 9%, 23.5% and 58% , respectively.
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Fig. 1 Flow chart of the proposed method
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Fig. 2 Flow chart of feature extraction
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Fig. 3 Construction of maximum amplitude index
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Fig. 5 Construction of proposed local feature descriptor

AP
(2) FR P8 & 3 F 7 I B2 1 8 35 1 £ RUBE A
R RARAE R 51 1A 5

(3) M8 &l 4 B o ok B2 0 E 5 MR 67 — 3obE
I |41 5

(4) BE BURRAE 5 59 4B 3k K /N A m X om, 43 B
n, X n, > F I n, =4 H6]);

(S FERAF X b A7 B BITHR, & oG,
K 180° 43 1l m, A>3 X o AR 45 AH A7 — Pk 19 T 1)
1Y 43 X, #EAT BT BRSO N 45 2 B R IR
HERESIEX N ICER o T B 7 B 0 3R A
TG R B A A R T R AR 3 1 = A L T A
AT LA AR . B XU R ) &
Hy b3 5 1] 2

(6) B A ReAE 5B il R AF 26 BR (5) v 16 4
+ DXl Y SRR AE 0] 4 B D A R . X B
PR A HRRAE ) A H X R X TR BT E
— AP S AR IE N V = [H o Hoeo o)
3.3 $FEmITE

AR SC A FH $5e 3 4P % (Nearest Neighbor Dis-
tance Ratio, NNDR)""* fi§ VG Jitl J5 % > i 2 9
PG RFAIE Z 8] i AH U . NNDR i NN Fil DR 7
BB 2H A, 7R NN A B ep VR R R A 22 ] i 3T 1Y)
WRIGEE B AR5 IH A R E B 5 R R B 1) T
{8, >4 bEAE M 2o BT 0 A B, ) OA SR 2 — X
TETE R0 D BC o 25 3 Al WO F SAR EIMR
FEAE IR JE 25 5, (i 45 X)) 24 s50RE) S 1) R 1 1 3R A
FEE—E 25 RICE WIS Z A, T i
T UG FL IF ) 52, 8 BUPR 3 SR B — S (Fast sample
consensus, FSC) " JI B 3% VL , & BE 76 0 19
HEARECT PR Z2 1Y IE IR .

4 EBLHH

4.1 SEIGEE

R T BRSSO R RTAT P S5 B 21
Al LG RN SAR 3 8% S A AR S S5 56 B aE , i &1 6
FER o

6 DU AT WOLAT SAR BB AR
Fig. 6 Four pairs of optical and SAR remote sensing im-

ages

VUL AR A7 A ] B A AR LR AR O 25 57, B R
B, A SCHY SR © 22 00T 5 PR A RORLIRC 7R
PRIk, S5 56 PR ) 77 7 — 7 19 °F- 3% 28 5 IR AR



622 e K% TR

29 %

NI A 22 53 o 45— 21 PRI A 5 AR T
FI 53 BOARAE , B0A B RUBE RG22 52 SR —
ARG 32 BAL S AR X RN 2 B AR AE A7 B/ R
JEFESE . = ERORHLIG YR AP N e 22

5o SRR ZRRIRIX g 5, BRI
BN RIS AR AR TEIR )3 A W] B4 ROBE A
Jlee 2255 o LA, ARAE RS AT IR ] 2 B R A
NP fE 225 RS As B AN 1R .

X1 TRAEMSAREBREGWELRER

Tab. 1 Prior information of optical and SAR images

e} & I S} /pixel A/ (mepixel ') EEERER ] FA A Hh
Google Earth 1019X697 3.8 2020. 6. 24 T
! HL#k SAR 1018%699 3.8 2018. 4 H
Google Earth 1019697 1.2 2020. 3. 27 PAJE
’ HL#k SAR 1019%632 1 2020. 6 T
Google Earth 795X 597 1 2012.10.9 & 7%
’ TerraSAR-X 803X 737 1 2010.12. 23 e
Google Earth 17411075 3 2017.07.01 T
! HLE SAR 1744X1078 3 2018. 04 W

4.2 R4 AR

g T VA C VR s 1 DR PR R A SR ] 32
WL UL A PR A T 2, RN O 2R I
T 245 2R 1 AL 28 8 o T A5 R g 9 X B R TR AR
BN i WD WE BTN RO R €
YT o 7E B OULTEH C HE ORI A SR 3 7 i
2 (Root Mean Square Error, RMSE) Fl1 JC i 1F
fifi % (Correct Matching Rate, CMR)1E b #F4 7l
JLEFN SAR G L HE 14 2 LA A5

(HDCMR By E LA -

2N,
T N, tN.
Horr e N 3RR 28 3 158 DT TE 5 59 5% Ji5 19 1 i DG T
B0, N, RUN AR R 7T BLG R SAR BHE LA
UYL o= O (1 2 SRS/ S 11| 9 NS L LT R 1
CMR (B R, 7R A7 78 88 20 1Y 1 DT IE s %, A
I 25 A5 380 S M VR A 000 78 R R I

(2) RMSE J& IR DA 141 4 B 1 33 5 2 114
fabn , Hat i A== (18) fir s

RMSE —

CMR (17)

1> ‘ , (18)
N 2@ (DY ol = ()

Kb { (e, y) (s i) AR RS 0 I 5 DG i
Sy B AE T UL 6 A SAR B AL R £ B A AR
() )R (s, i ) e 73 F o e T 4 o A H

J& B9 SAR EIG A b5, B (), p)) X O 2 B
AEFR o AT PR TIE ST A o U SR A K T g AL
P EG X, TR AL BT 10 R A S B (A Ry e &
R,
4.3 SHEIZE

FEAR SCSL B0 A — B RO R s,
] P o 43 ) 1588k 4 A6, e /N R BE DB D% £
P K BEE T 3~5 AR R A AR IR I & Z ) i 1
o] Rl 152 8o 1.6, FLAR A A — B0k 2 80k B
NI

bRt 2 A AR SO R E B A 5SS EC IR
B o, AU H I F £, B B KB n,, 435K
F X H RIS SRR 2R, 28 5 A S 4
ARICH A= 0.5, ¥ o F1 LAY LR X (13), 7 51
a=28/15, S n, Min, SRR T 4L B4 ¢, A
WA B BE K o B8 m R AE 5 R AT R A
by AR e AU B T O N NI B S 8 B O N 1 B
AR B A R AR S R AN N T
M FL I 25 52 3] M Wy JUAn ¢ A0 22 S5 04 52 ), 3 3 55
B, M T S8 n,=6,n,=4,m=96,
PRI, AR SOOI I i R A 4 02 96, A T A F il
LR 4R Y B S 808 Y R AR R 5
P AE AT UG R SAR & E 43 0 4R 1% 2 1 000 4
FAE 5



5 3 M PN , 45 < BE T AL R AE A9 7T UL O'E A SAR 28 I B8 B 2l e v 623

4.4 ZWHERESW

T IR AR SCAREAE AT UL A SAR EHZ B
Y P B, o B Tk e R — B T T I TR
)52 OS-SIFT™ . OS-SIFT 434l 5% A Sobel
B M ROEWA B 7 4158 ] WOt il SAR &%
10— SBOME B BE A5 B L 76— BOME R B A5 B SR Al
TH Harris i 137 pRACER BCRRAE 25, 38 23 X 22 4> &
QY AT R E — SO B 8 R (B RUAH 057 1) 56 il
b A AN A T ) O R R . P
T I A TG oA 25 SR n 1] 7~ 18 9 T

B 7~ 10 @R T 4 41 56 1 i v 45 51 1
A1 HUR ) 250 10 SRR AE S 25 R R AR SCOT L RE S
AR A5 22 1 T W DG S 5 % DR, A SR AE D
AT L6 A SAR PG 48 5 25 5 5 T HL AT B AE 1Y

K7 5 — Ul R 45 2R
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Fig. 10 Registration results of the fourth group of images
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