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Abstract Aiming at the problem of high complexity and low processing speed of heterologous image registration
algorithms, a fast registration algorithm of visible light and synthetic aperture radar (SAR) images is proposed. In
the image preprocessing stage, the redundant information in visible light and SAR images is removed, and two
different types of images are filtered respectively with Gauss low-pass filter and non-local mean filter (NLM)
algorithms. Then, the multi-scale Harris method is used to detect and extract feature points, and the gradient
position orientation histogram (GLOH) method is used to construct descriptors of feature points. Finally. the
feature points in the original image are reconstructed based on the feedback mechanism, and the actual position of
the feature points to be matched in the original image is got, so as to complete the reconstruction and matching of
the feature points in the original image. The experimental results show that compared with scale invariant feature
transform-modification (SIFT-M) method, this algorithm significantly reduces the running time while maintaining
the average registration accuracy of more than 80% , and has important application value.
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Fig. 1 Flow chart of registration method
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Fig. 2 Image redundancy removing simulation diagram. (a) Simulated image; (b) selected rows and columns to be excluded;

(c) image after specific sampling
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Fig. 3 Key point detection. (a) Original visible image;
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Table 1 Comparison of key points repetition rate between Harris and LoG

LoG Harris

Key point detection methods

Optical image SAR image Optical image SAR image
Number of key points 692 811 677 552
Repetition rate of key points /% 62.97 78.27
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Fig. 4 Diagram of point rebuilding. (a) Coordinates of

pixels in deredundant image; (b ) pixel

coordinates of reconstructed points in original

image

4 FEHES RS 0

GECLE = S8 WS iE 3 S Rsi UG
PP AT WL R 5 SAR PR3 BT 6
SR E NN 1.8 GHz BB R AL TR 4 GB 4y
PIAF I BB L AT L B P2 2 T Matlab R2016a
THM .

4.1 SEIEEMEGEKIE

WEE—DREBZE o =3, HAE R E Z (4]
Fofil b =a, 1 /a; =1.26i <8, fEE S % d =0.06.4%
AL ER N SAR FEUZR I A 43 5 i 8o 4 Fin 1,
g AR T 10 %] O ER RN SAR B K&
FRE 2 Pron. Hrh SAR BB Ka i Biil 4
SAR B, th v E R B T e — 1 = it
4.2 SMEZHTLE

Y& 2 $L88 yk SIFT . SIFT-M, PSO-SIFT & 3
HEATXF L AL, Hod STFT-M 513 02 iy Fan 481 42
AT SIFT e AiF SOk (19 J7 3 78 55 A5 i
Hh 3 IBCRAE 1 T 24> 393 X O M 3 F AR 7
by 2 B R 2 (B 45 8. T DTG HERS 8 A (R 3Tk
R, BT i A, PSO-SIFT 55k J2& H
Ma 50538 (0 37 7 vk A8 SIFT 533k 19 B At
AL E RJE D71 {5 B 18 TRt K 25 50 K
MR 2 ) B TE o . X3 2 rp B RAR kA5 X E 8K
55 R A NNDR J7 3 i 47 G B 5 6 UG e . X H 3
21 GO [ DE R ROR 47 S s i8] 5~ &1 7 i
P A 53518 8 DR-SIFT 53k,

P& 5 Ay g i JE] 120 A EE DX 3 1] 1% A T o 35 AR A
W1 AT LA Had T AR R & 8 SIFT Bk A
fiE A Ih A S DR AR B v . PR TR T X s Y P 25
BLRE A5 8 VRFAIE 1) DX 43 BE A1 , SIFT-M B30 oK 45 2
MACR . PSO-SIFT Bk % & TR Z AL &Pk K
25, HAR A NNDR 75 v 3#F 47 DC C PR 1 i o 25 2R
Al . HSR DR-SIFT 83k 4 L T0 A4 b 35 FRAE &
XA B0 D o H I 2K 5 e UG FE AR

&6 Ry JLAnr 25 57 /N g G BC HE ORI AT DL R
IR, PRI TC 9 X B A 6F AR, R 1 STFT B89 Ah, Hoft
SR IV T DT R I 4

&7 SRy AL i 300 DX 3 ) A5 e o s S 1L T L
KRILSIFT ,SIFT-M LA K PSO-SIFT & 2 1 Bt K

062803-5



Wt 5ot 7o o R

F 2 EBRAREZBS EEXE R

Table 2 Knowledge of real multimodal image pairs

Image No. Image source Size /(pixel X pixel) Spatial resolution /m Date Location

Airborne SAR 580 X500 3 06/2017

1 Suburban area
Google Earth 580X 500 3 07/2018
Airborne SAR 660X510 3 06/2017 )

2 River area
Google Earth 660X510 3 07/2018
Airborne SAR 483X 656 0.5 11/2018 )

3 Airport area
Google Earth 544 X695 0.5 07/2018
Airborne SAR 450 X410 3 11/2018

4 Suburban area
Google Earth 460 X390 3 07/2018
Airborne SAR 460 X 460 0.5 11/2018 4

5 Rift valley
Google Earth 546 X510 1 07/2018
Airborne SAR 440 X 400 3 11/2018 )

6 River area
Google Earth 443 X354 3 07/2018
Airborne SAR 420X 420 1 12/2010

7 Urban area
Google Earth 490X 363 1 09/2012
Airborne SAR 550X 480 3 12/2010

8 Urban area
Google Earth 550 X480 3 09/2012
Airborne SAR 560 X520 3 12/2010

9 Suburban area
Google Earth 560 X520 3 09/2012
Airborne SAR 480 X 480 3 06/2017 )

10 Mountain area
Google Earth 480 X480 3 07/2018

B 5 41 XEEBERESCER. (a) SIFT;(b) SIFT-M;(¢c) PSO-SIFT;(d) DR-SIFT
Fig. 5 Image registration effect map of the first pair. (a) SIFT; (b) SIFT-M; (¢) PSO-SIFT; (d) DR-SIFT
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K6 42 XtEBEHERCRIE . (a) SIFT;(b) SIFT-M;(c) PSO-SIFT;(d) DR-SIFT
Fig. 6 Image registration effect map of the second pair. (a) SIFT; (b) SIFT-M; (¢) PSO-SIFT; (d) DR-SIFT

B 7 %3 XEREAESCRE . (a) SIFT;(b) SIFT-M;(¢) PSO-SIFT;(d) DR-SIFT
Fig. 7 Image registration effect map of the third pair. (a) SIFT; (b) SIFT-M; (c) PSO-SIFT; (d) DR-SIFT
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Table 3 Comparison of registration parameters of three methods

Image pair number Method N1 N2 CMR /% RMSE Running time /s

SIFT 27 (] ] ] 3.33

SIFT-M 83 59 71.08 1.3902 53.62

! PSO-SIFT 47 35 74.46 1.2805 48.84
DR-SIFT 16 13 81.25 0.6731 41.27

SIFT 41 ] ] ] 4.08

SIFT-M 124 99 79.83 1.6020 54.20

- PSO-SIFT 138 86 62.31 1.6942 47.04
DR-SIFT 66 58 87.87 1.0323 41.67

SIFT 61 ] ] ] 4.33

. SIFT-M 156 119 74.84 1.5910 45.19
’ PSO-SIFT 63 48 76.19 1.7982 29.97
DR-SIFT 29 24 82.75 1.0230 28.61

SIFT 33 O | ] 2.50

SIFT-M 25 17 68.00 0.8081 36.50

! PSO-SIFT 27 15 55.56 1.2970 26.04
DR-SIFT 24 19 79.17 0.7033 21.38

SIFT 60 J L] ] 4.38

SIFT-M 34 21 61.76 0.9426 32.14

° PSO-SIFT 45 32 71.11 0.8143 17.09
DR-SIFT 19 14 73.68 0.2160 20.87
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