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Fusion of GF-3 SAR and Optical Images Based on the
Nonsubsampled Contourlet Transform

Yi Wei”, Zeng Yong, Yuan Zheng
China Center for Resource Satellite Data and Applications, Beijing 100094, China

Abstract Among the existing synthetic-aperture radar (SAR) satellites, the GF-3 offers the most kinds of imaging
modes. The fusion of the GF-3 SAR images with the multi-spectral images can improve the visual quality of the
SAR images. We show how to use the nonsubsampled contourlet transform (NSCT) for simulating high-resolution
images such that both the details of the SAR image and the spectral information of the multi-spectral image can be
retained. This method ensures that the fusion of SAR and multi-spectral images is not limited by a specific
algorithm. To verify the effectiveness of the proposed idea, two types of resolutions are used as the experimental
data: the GF-3 satellite SAR images with resolutions of 3 m and 5 m, respectively, and the GF-1 satellite multi-
spectral images with a resolution of 16 m. We perform comparative experiments with different fusion algorithms.
The results show the effectiveness of the proposed approach. The traditional method that directly fuses the SAR and
multi-spectral images can keep the details of the SAR image. However, the noise is obvious and some information
of the multi-spectral image remains. The NSCT average images and the average NSCT images can retain the
spectral information. The spectral information of NSCT average images is closer to the multi-spectral images than
the average NSCT images.

Key words image processing; synthetic-aperture radar and optical image; nonsubsampled contourlet transform;
GF-3 satellite; evaluation index
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Table 1 Data information

Satellite Image type Resolution /m  Date Product level

GF-3 SAR 3 2017-02-15 2
GF-3 SAR 5 2017-08-28 2
GF-1  Multi-spectral 16 2017-07-12 1

TR BEAT IE AL B, B8 — MR SR UEAH [R] Y X
BAE MG B AR — B0 F 6 200 1% EiodE i AT TR R
FELA AL B AL 3 m F 5 m 2 (8] 4 BE R Y K14
W SAR NGB 35 0 BIAS — B0, 43501 36 B 1] Jgkes
1 X388, R IO 99 L5 o6 2000 B 5 SAR EIHR
AT 2 [ IR,

5% 306 BBl N M R AE N &1 1 BF7R .3 m SAR
1% T EALFEE M AGEH 5 m SAR ER £ 24454
MR B8 OF A D Y A7 . 3 m SAR BN
B 1) i 1 1(h) R %R 16 m 43 BER £ 5%
HEEZASEE ;5 m SAR LI E 1) iR,
M 1D XTI Y 16 m 43 HER 2635 B 45 i
K14 .

F1 WHEE. () 3 mSAREE;(b) 16 m ZI6iEE %
(¢) 5 m SAR El%;(d) 16 m ZIaiEER
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Fig. 7 Fusion results of 5 m SAR and 16 m multi-spectral images. (a) Brovey-SAR; (b) IHS-SAR; (c) PCA-SAR;
(d) SVR-SAR; (e) Brovey-average NSCT; (f) IHS-average NSCT; (g) PCA-average NSCT; (h) SVR-average
NSCT; (i) Brovey-NSCT average; (j) IHS-NSCT average; (k) PCA-NSCT average; (1) SVR-NSCT average

EARERIL A WG SRS B . [FEF, T SAR &
15 1A BaE o M 7 A B v LA BRSO R
Fi gy P SAR B2 Al 6 S nT 0 H M 7 B
OGS B AR L E | NSCT ¥y &% THS
PCA B ¥E Rl B3R i Brovey 1 SVR 8%, i F
¥ NSCT FElM 4 Fhl & 5 28U 3 A X 5 840
AT HE R B 1E B 5 2 00 i s R A G
UL BLRLAY S 2 NSCT EHE /Y S 1% (5 B Lk NSCT
- 35 Vel 45 S 22 R
4.2 EREH

3 m SAR fil 5 m SAR EI{25 16 m £
1SR 4 B B0k fl A 45 0 00 0 00 PF A 35 A 4 51 L
% 2 1 3,Brovey .PCA 1 SVR B0 DL 4 4% Bt
2 504 THS fl 6 5k HAe LI 20 4t i 3 4
RS HmA. ATaitBdERL. £ 4 e
B THS Bk Lim A 45 100 3 AN ik BP9 %R,
HoAth 3 F 5k 0 LAl & 45 R0 4 S35 By P
For,

BB M IEAR KB A FIE 15 b5 1 5 e
G ZE R AR B, Co M Sy 6 b8 F 2 R Bl &
S5O B O FURE . A T R R LR R [R] E gk 3 R
AR XS B, T 4 L 0 0F 5 S B AT DA A O i
fE— o BB AT IR AT . 2R PR A R
SAR E&fl & % W0 48 b5 7T LA H, SAR EBHR
BERA T A E SR T & 2 B 2% ER il
G oI Co M Sp 6 A 8L 55 23 F 32 JRAR il 5 45 21
R, XM NSCT #5351 AREMR T SAR K14
A {5 BB E B PR L AR e

WEEE M BRI, 4 Mg by
NSCT #l NSCT ~F ) A4 1 5 43 B R KR 1Y O 6 78
JCTE AR PR R BE (70 i 3 0 o 40 9 15 B i 2k
R R 40 M5 B E B SAR E% 1L SAR A
T B 5 22 ot i i Dk 9 RN &L A
NSCT 284 53 85 &4 40 1RGSR B 09 00 3, 4%
SAR PG 20715 15 5 (G521 90 2 957 b 4 A2k 1k
NGO R AT REAR B . A5 25 AL OR BRI T i 40

1110002-7



it

2
¥

i

2
¥

# 2 3 m SAR 5 16 m 263 FMRAlA & W PEA 15 45

Table 2 Objective evaluation of 3 m SAR and 16 m multi-spectral image fusion

Index Ag E Ce So S
SAR 20.34 3.09 0.22 26.57 0.52
Brovey Average NSCT 14.58 2.98 0.41 21.97 0.80
NSCT average 3.90 4.29 0.98 3.69 4.45
SAR 12.92 6.09 0.30 24.86 0.94
THS Average NSCT 11.52 6.04 0.24 25.42 0.65
NSCT average 3.17 5.88 0.84 11.14 1.41
SAR 10.46 6.15 0.39 21.78 1.14
PCA Average NSCT 10.58 6.13 0.31 22.81 0.88
NSCT average 2.62 5.88 0.82 10.67 1.18
SAR 48.25 7.31 0.34 48.84 2.46
SVR Average NSCT 8.17 6.51 0.88 9.33 5.01
NSCT average 4.22 6.27 0.98 3.83 6.76
%3 5 m SAR 5 16 m Z Gk MR A& & WA 15 45
Table 3 Objective evaluation of 5 m SAR and 16 m multi-spectral image fusion
Index Ag E Ce Sp S

SAR 13.34 4.30 0.15 15.26 0.57
Brovey Average NSCT 11.42 3.58 0.32 12.83 1.00
NSCT average 7.65 4.23 0.76 7.03 3.51
SAR 13.29 5.96 0.16 15.35 0.80
IHS Average NSCT 12.54 5.95 0.28 13.86 1.53
NSCT average 7.48 5.88 0.79 6.79 5.14
SAR 13.53 5.90 0.05 16.78 0.23
PCA Average NSCT 11.23 5.85 0.25 13.95 1.19
NSCT average 7.96 5.84 0.73 8.17 4.16
SAR 34.13 7.23 0.29 29.65 2.45
SVR Average NSCT 19.29 6.60 0.43 17.33 3.12
NSCT average 10.35 6.23 0.74 8.84 5.39
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