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Non-Subsampling Shearlet Transform Remote Sensing Image Fusion with
Improved Dual-channel Adaptive Pulse Coupled Neural Network

Ruan Linian, Dong Yan'
Faculty of Land and Resources Engineering, Kunming University of Science and Technology,
Kunming 650032, Yunnan, China

Abstract Remote sensing image fusion, an effective method that integrates information contained in multispectral and
panchromatic images, has become a powerful application technology in fields such as territorial spatial planning and
disaster detection. A new method of remote sensing image fusion in non-subsampling shearlet transform (NSST) domain is
proposed on the basis of research on fusion strategy in the NSST domain. First, the source image is NSST decomposed
into low-frequency coefficients and multi-directional high-frequency subbands. Subsequently, to solve the problems of
energy conservation and detail extraction, an image feature weighting mechanism based on the mean spectral radius
weights the energy attribute and the improved Laplacian energy sum and applies these to low-frequency coefficient fusion.
Next, an improved dual-channel pulse coupled neural network is developed to fuse the high-frequency subbands by
combining the weighted adaptive method with the direction information to determine the weight. Finally, the fused low-
frequency coefficients and high-frequency subbands are used for reconstruction to obtain the fused image. The effectiveness
of this method is verified by 48 sets of satellite images with three different resolutions, namely, GF-2, GeoEye, and
WorldView-3. The comparison experiment with five fusion methods shows this new method can achieve good results in
visual perception and quantitative evaluation indicators.
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map; (b) frequency domain support interval
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Fig. 3 Fusion results of high-frequency coefficients in all directions. (a)-(b) High frequency subbands in 2 directions in first layer;

(c)=(f) high frequency subbands in 4 directions in second layer
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K8 5 LA A 453 . (a) SE; (b) NSCT; (¢) ISCM; (d) WDCPAPCNN; (e) PAPCNN; (D i 77k
Fig. 8 Fusion results of first group. (a) SE; (b) NSCT; (¢) ISCM; (d) WDCPAPCNN; (e) PAPCNN; (f) proposed method

5.4 GeoEye DEZ & T2 R0 4l m, ZHIEFB L. 64 m, AE
5.4.1 S LR BT T 16 AR AT L, KNSR 512 pixel X

55 2 20K HE & GeoEye TR 14, Hizs i) 2 ¥ & 4 512 pixel,, Hoi 2 40 PR ER AN & 9 FioR .
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Table 3 Quantitative evaluation of first group of experiments

Image Method AG A SF 4 QM A VIFF 4 E4 FMI 4
SE 0.0068 0.0197 0. 3127 0.5634 4.4744 0.9078

NSCT 0.0163 0. 0407 0.7008 0.9523 6. 8287 0. 8894

ISCM 0.0138 0.0370 0.6261 0. 8966 6.9263 0.9122

! WDCPA-PCNN 0.0126 0.0313 0. 5040 0.8457 6.9216 0. 8986
PAPCNN 0.0169 0.0426 0. 6050 0.9462 6.9746 0.9034

Proposed method 0.0175 0. 0450 0.6353 0.9901 6.9823 0.9126

SE 0.0078 0.0152 0. 4083 0. 5834 6.4831 0.8717

NSCT 0.0143 0.0381 0. 6802 0. 8630 6.3622 0. 8555

ISCM 0.0126 0.0325 0.6113 0.8421 6. 5496 0. 8685

’ WDCPA-PCNN 0.0124 0. 0306 0.5178 0.8435 6. 6625 0.8534
PAPCNN 0.0156 0.0393 0. 5800 0. 8946 6. 5852 0.8394

Proposed method 0.0166 0. 0447 0.6648 0.8993 6. 5802 0. 8744

£

B9 52418 E - (a) MS; (b) PAN
Fig.9 Second group of experimental data. (a) MS; (b) PAN

5.4.2 I R AR A BOR o RIS B T B E B R AR L A 4 TR B4R
B2 AR WE 10 R, T U B AN, SE kM AR HEA R 3 k. B
T A REAR L M PR R OE I 15 B, B A TR ™ R L NSCT J5 i 7E 4 2% ER EIUAS 17 2 SR, (2 7E
1 10(b) ~(e) 7R [ J7 125 BEAR 4 b PR 45 6 1% 45 8 F = bR E I EMI A3 70 HEAE B 805 2. il ml W, i §2
)05 B (G S b 2 B, BT A R Or ik G Tk S ERe IS .
Fa O 2H T E TN
Table 4 Quantitative evaluation of second group of experiments

Image Method AG A SF 4 QM A VIFF 4 EA FMI 4
SE 0. 0065 0.0153 0. 3803 0. 6260 5. 5879 0. 9325

NSCT 0. 0082 0.0213 0.5522 0.4642 6.0160 0.9117

ISCM 0. 0069 0. 0180 0.3918 0.5078 6.1748 0.9234

! WDCPA-PCNN 0. 0070 0.0183 0. 3630 0.5041 6.1924 0.9163
PAPCNN 0. 0087 0.0222 0. 5281 0. 5495 6. 1991 0.9122

Proposed method 0.0090 0. 0240 0. 6087 0. 5689 6.1754 0.9250

SE 0. 0051 0.0113 0.4257 0.6167 6.0126 0. 8975

NSCT 0.0137 0.0364 0. 5215 1. 0716 6.4405 0. 8705

ISCM 0.0113 0.0301 0.4313 1.0154 6.5779 0. 8877

’ WDCPA-PCNN 0.0125 0.0324 0.4954 1.0205 6.6032 0.8732
PAPCNN 0.0155 0.0410 0.5107 1.0150 6. 6462 0.8523

Proposed method 0.0158 0. 0426 0.4955 1. 0500 6.6329 0. 8886
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K10 424/ &455% . (a) SE; (b) NSCT; (¢) ISCM; (d) WDCPAPCNN; (e) PAPCNNG; (f) BT 42 J5 12
Fig. 10 Fusion results of second group. (a) SE; (b) NSCT; (¢) ISCM; (d) WDCPAPCNN; (e) PAPCNN; () proposed method

5.5 WorldView 3D E &% WRMT .20 % R0.3m, 204 N1 2m,
5.5.1 SR AL ILERT T I0H G IEITLR, KRAH N

53 IR WorldView-3 T2 4%, H 23 [a] 4y 512 pixel X 512 pixel, H:it 2 41 P EMZ WA 11 Fiw o

FI11 5B 3L K4 . (a) MS; (b) PAN
Fig. 11 Third group of experimental data. (a) MS; (b) PAN

5.5.2 IR B M J 48 J7 i H A S B0 23 Tl 40 7 R B, AN 4T 4 4 JE e
55 SR G A5 R A 12 frs , 7T LR B, SE F77E OB o F 53 B X N A E B PEAN R AR, WA 5 BT, ]
BB ROL G K B, R AR R AE IR B s AT FO A IR 07 R AE 20 R Y 6 S AR 45 20 B HE 7R 1T 3,
TE BT R BAT R 6 {HE AT X R B, W $ 07 1 il B RORIE 52
53U E RITM

Table 5 Quantitative evaluation of third group of experiments

Image Method AG A SF 4 QA VIFF A EA FMI4
SE 0.0033 0. 0084 0.5525 0. 7099 5.8743 0.9318

NSCT 0. 0049 0.0157 0.6477 0. 9820 5.8277 0. 9404

ISCM 0.0045 0.0152 0. 6562 0.9748 6.0193 0.9447

! WDCPA-PCNN 0.0045 0.0124 0.5241 0. 8857 6. 0950 0.9248
PAPCNN 0.0051 0.0143 0.5814 0.9827 6.0443 0.9318

Proposed method 0. 0053 0. 0164 0. 6406 0. 9898 6.0316 0.9447

SE 0. 0047 0.0093 0.5302 0.7573 5.7709 0. 9059

NSCT 0.0051 0.0123 0. 6789 0.6124 5.3645 0. 8900

ISCM 0. 0049 0.0110 0.6191 0.6921 5.5513 0. 9063

’ WDCPA-PCNN 0.0058 0.0141 0.5905 0.7971 5. 6667 0.8825
PAPCNN 0.0057 0.0132 0. 6054 0.7394 5.5513 0.8936

Proposed method 0. 0061 0. 0146 0. 6693 0. 7474 5.5751 0. 9061
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K12

(b) (<) (@ (& 6]

B3HMALEH . (a) SE; (b) NSCT; (¢) ISCM; (d) WDCPAPCNN; (e) PAPCNN; () fF #2712

Fig. 12 Fusion results of third group. (a) SE; (b) NSCT; (¢) ISCM; (d) WDCPAPCNN; (e) PAPCNN; (f) proposed method
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