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Abstract To address the problems of poor inter-image correlation and obvious differences in fused brightness in
high resolution remote sensing image fusion, this paper proposes a method for fusing domestic high-resolution
panchromatic and multispectral remote sensing using the non-subsampled shearlet transform. Remote sensing
images of GF-1, GF-2, and GF-7 are selected as the experimental data. The intensity-hue-saturation (IHS)
algorithm is used to extract the luminance component of the multispectral image; the non-subsampled shearlet
transform (NSST) algorithm is used to extract the high frequency and low frequency information from the luminance
component and the panchromatic image; and the relationship between high frequency and low frequency is fully
considered when designing an effective image fusion strategy. Finally, the fused image is obtained by the THS and
NSST algorithms. By comparing the proposed method to Brovey, Gram-Schmidt (GS), Hue-saturation-value
(HSV), and Co-occurrence filtering (COF) algorithms, it is determined that the proposed method is a feasible remote
sensing image fusion method with the combination of subjective and objective evaluation for the fused images.
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Fig.1 Image fusion flow chart
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Table 1 Study area image information

Spatial resolution

. o Revisit Crop image block
Experimental data Acquisition time ) Multispectral Panchromatic ) . .
period /d ) ) size /pixel X pixel
image /m image /m
GF-1 2015-10-24 4 8.0 2.00 256 X 256
GF-2 2017-01-19 5 3.2 0.80 512X 512
GF-7 2020-09-07 / 2.6 0.65 512X 512
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Fig. 2 Study area image. (a) GF-1 MS; (b) GF-1 PAN; (¢) GF-2 MS; (d) GF-2 PAN; (e) GF-7 MS; (f) GF-7 PAN
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Fig. 3 Cropped GF-1 images. (a) Building; (b) plow; (c) water
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Fig. 4 GF-1 image fusion effect. (a) Brovey; (b) GS; (¢) HSV; (d) COF; (e) ours
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Table 2 Objective evaluation index of GF-1 image fusion

Image Image fusion Evaluation index
source method SAM ¥ MI 4 SSIM4A  QY™W'4A ERGAS v PSNR 4 ccH VIFF 4
Brovey 7.7366  1.7376  0.4086  0.1485 94. 2994 35.5118  0.5537  0.2613
GS 2.5964  4.1207 0.8126  0.4696 69.2078 41.6688  0.8139  0.1873
GF-1 HSV 4.1977  1.5296  0.3044  0.1187 158. 7498 24.4165  0.3291  0.0568
COF 0.2014  3.3265 0.6823  0.3524 63. 5375 47.5872  0.8113  0.4694
Ours 0.1891 3.0287 0. 9055 0.7053 66. 2150 45.8573  0.8413 0. 6572

Notes: The thickened part is the optimal value. A s the larger, the better and v is the smaller, the better.
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Fig. 5 Cropped GF-2 images. (a) Building; (b) plow; (¢c) water
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K6 GF-2%%KEABIEE . (a) Brovey; (b) GS;(c) HSV;(d) COF;(e) A H ¥k
Fig. 6 GF-2 image fusion effect. (a) Brovey; (b) GS; (¢c) HSV; (d) COF; (e) ours
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Table 3  Objective evaluation index of GF-2 image fusion

Image fusion Evaluation index
Image source

method SAM vy MIA SSIM 4 QYA ERGAS v PSNR 4 cch VIFF 4
Brovey 0.3621  2.0939  0.5496 0.2211 55.0622 51.6353  0.7499  0.3367
GS 2.0431  2.1633  0.6585  0.2539 59.5750 49.9990  0.7280  0.2809
GF-2 HSV 0.7273  2.1734  0.4916 0.2150 144. 4246 31.7399  0.7217  0.6638
COF 0.1705 3.4190  0.7589 0.4534 49. 2401 54.7475  0.8780  0.6086
Ours 0.1782  3.0032  0.8794  0.7057 46. 0542 57.0434  0.8891  0.7322

B 7 B GF-TARE () 55 (b) 5 (o) 7Kk
Fig. 7 Cropped GF-7 images. (a) Building; (b) plow; (¢c) water
B T o PR ORI R B I8 W 3 — 20 LR L PTIR AR SO A XT GF-1 .GF-2 fil GF-7
GOR BT . A SO ¥E A A% 4R Brovey . GS AR 53 R S AR G B S A MO B T S R DG
HSV #1 COF J5iE Rk Ul , 76 EMMZE Moy m ol 35 E R, B WO & ARV B . B %
A — 0k, 7R R4y R BUBE ) 4SBT A SR WM e bn A 22 57 A0SR YR8 T S st .
1o [ s O i e A R R RIS L 3 SRR DR T Ry U A Tl R WA A5 i e T s T A G R 22 S
PR 25 R T A B[R] L, 150 AR SO ¥ B Rl SRS 2 AT AT Y o
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K8 GF-7TMGKE &34 . (a) Brovey; (b) GS;(c) HSV;(d) COF;(e) A&k
Fig. 8 GF-7 image fusion effect. (a) Brovey; (b) GS; (¢c) HSV; (d) COF; (e) ours
# 4 GF-TBREZ WM 46 bR

Table 4 Objective evaluation index of GF-7 image fusion

Image fusion Evaluation index

Image source

method SAM ¥ MI4 SSIM4+ Q™'+  ERGASY PSNR 4 ccHh VIFF 4

Brovey 19.4542  5.2579  0.8435  0.6329  209.0275  30.1183 0.8282  0.7483

GS 12.9954  4.7994  0.7807  0.5430  165.9524  31.9917  0.8269  0.4080

GF-7 HSV 9.7949  3.4614  0.5719  0.3204  379.6045  17.6740  0.7719  1.1922

COF 0.2740 3.7737  0.6904  0.4129 81.2305  54.4365 0.8144  0.6450

Ours 0.3500 3.6462  0.9027  0.6123  109.4364  47.5092  0.8770  0.6966
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