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Fig.1 Segmentation results of watershed algorithm

N DR L3 TR SR AR M) D T A2 R ) 2R
Sy BN R S B 43 11 1) B, Parvati 451 48t —F
PRiCEEH KW B o IZBIE AR KU 7 BBk
fRERR b, 725050 A b b i 4 i I e By —
s SCoy RVAE o FEAS RERE R B ik, 7 ]

B SHRATRAMC I FARIC, R 51 K R%
TR BRICHIIA, (4523 K 0 3 F 373 T L
E PRI , 38 5 A2 A BE 23 ) TR
BIXS A SCRE P Ty BRI S U AR R IR aX —
FLAY X 2o AR IC 2 1) 0 7K W 006 A A AT S AR 1T



- 78 - H % OB OE X 2022 4f
TSRS BEAT AR SO, Bk Bk i Bk o xR @i .

D) el g kA Horsk =k (1) By

TNo SRJE AT B B AEAL , DASE T LU EE A Y
% T il

Gray = 0.30R +0.59G +0.11B , (1)

e Gray IR R R, G, B 53 51 0 FR AL

2) {#i71] Sobel 7R IR , 13 2B L K4 C,
BN WO
G = A/Grf,+G§ , (2)
G, A G 50 R 7K AT LR
3) s T I A A I P B %
PR T A 3, T DD AR O 25 R A 2 i

WA | mmam | LA e o] AR ﬁ - i
e [T R - ﬂwfﬁz@ g i

B2 EEFEZIRKR

Fig.2 Morphological reconstruction filter

4) P& B B R Y e B/ IMELE R i b
ic fgm,

5) BB E G , PR UM &R DX Ik 0] 14 43 7K 04 5 26
YER T S ARIC bgm,

6) {#i FH fam A1 begm & 146 BE KIG, a5 &4
TEFRICAE A Ry BBk /IME .

7) XHEIE T A BE R R AT 43 7K 4381, 75 3]
AT R R

U S AR IC A5 1 43 K WS SR i AR AN 1) 3

o

R

[EamEEgR]
(R i
R
: 2
I :
N
|| B MEA MRIREL | 53]
|| BRI R AR BIi il |
_____ | e e o] ety SO S
[eEbEEG]

| [rkia s

EXIETY

3 BUEHMRRIZER S KIREERTE
Fig.3 Improved marker — controlled

watershed algorithm flow
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Fig. 6 Image data used in the experiment
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Tab.1 Detailed description of experimental data
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Tab.3 Precision evaluation of the four segmentation results
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Fig.7 SAR -SIFT registration experiment of the first group of images
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Fig.8 Heterogeneous image registration experiment of the second group of images
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A registration algorithm of images with special textures coupling a
watershed with mathematical morphology

ZANG Liri', YANG Shuwen'??, SHEN Shunfa', XUE Qing', QIN Xiaowei'
(1. Faculty of Geomatics, Lanzhou Jiaotong University, Lanzhou 730070, China; 2. National — Local Joint Engineering
Research Center of Technologies and Applications for National Geographic State Monitoring , Lanzhou 730070, China;
3. Gansu Provincial Engineering Laboratory for National Geographic State Monitoring , Lanzhou 730070, China)

Abstract ; Existing registration algorithms suffer low efficiency and accuracy in the registration of synthetic aperture
Radar ( SAR) and optical images. This study proposed a stepwise refinement — based automatic registration
algorithm of images with special textures by coupling marker — controlled watershed segmentation and mathematical
morphology. Firstly, the improved marker — controlled watershed algorithm was used to extract the features of water
bodies from images, and then binarization and mathematical morphology were applied to accurately extract the water
regions. Secondly, the centroids of water bodies were extracted for rough registration between images to improve the
search efficiency of the subsequent algorithm. Finally, using the optimization algorithm, the optimal transformation
parameters when the similarity measure was maximized were obtained and were used to carry out the spatial
transformation of SAR images for image registration. In this manner, the precise registration of SAR and optical
images was completed. The experimental results show that the algorithm proposed in this study that couples image
segmentation with registration reduced calculation amount while ensuring the registration accuracy. Meanwhile, this
algorithm effectively solved the difficulty in the automatic registration of SAR and optical high — resolution images
that have large differences in gray levels and spatial resolution.

Keywords: SAR; image registration; mark — controled watershed ; mathematical morphology; special texture
(REHRE: % 1)



