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Fig.9 Fusion results of “Road” images
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Fig.10 Fusion results of “Tent” images
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Table 1 Objective evaluation results of the first two groups of fusion images

Image Methods SF 1E EIl AG CcC
DCTWT 10.003 5.933 22.887 2.239 0.677
WLS-VSM 13.339 6.138 35.307 3.397 0.649
TE-MST 11.835 6.619 35.146 3.360 0.558
AUIF 10.676 4.899 19.286 1.828 0.633

Road DIDF 10.829 4.663 20.137 1.889 0.629
NSST-MGPCNN 12.652 6.276 35.968 3.398 0.650
NSST-PAPCNN 11.792 6.656 35.110 3.276 0.623

Proposed 17.173 6.693 52.558 5.061 0.636

x2 FTAMAEBGHNEININER

Table 2 Objective evaluation results of the second two groups of fusion images

Image Methods SF 1E El AG cC
DCTWT 8.533 6.333 28.235 2.971 0.521
WLS-VSM 11.312 6.607 41.272 4.245 0.515
TE-MST 12.649 6.741 48.213 4.905 0.375
AUIF 11.593 6.923 42.904 4.249 0.513
Tent DIDF 11.591 6.904 43.417 4.199 0.509
NSST-MGPCNN 8.558 6.839 33.452 3.161 0.506
NSST-PAPCNN 7.368 6.917 31.011 2.923 0.465
Proposed 14.549 7.316 58.244 5.880 0.474
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(a) Infrared images (b) Visible images (c) Fusion images
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Fig.11 Fusion results of mine images
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Table 3 The running time of eight fusion algorithms

NSST- NSST-
Methods DCTWT  WLS-VSM TE-MST AUIF DIDF Proposed
MGPCNN PAPCNN
Time/s 0.225 1.191 1.409 1.024 1.053 74.151 26.084 7.711

4 3 AL AR SO R 1 B AT BRI T D3 A AP R T NSST 43 i B9 % Fb 858k IR DTCWT . WLS-
VSM Al TE-MST iz 47803, J5 P & NSST £ 73 HE 2800 ik (9 05 D) 9B e as 5 R /Y, 0 LI T 3 238 46 1
S M1 NSST S84 1 (RS 45 , S B3R O I 18] 65 0 O, 2R SR il LA 25 JE A GPU 2 B UE hn g sl 0 4731 53 4
AR EFIEBITROE,

oA 58 UE A SC AT (1 e MR A Rk D 4 T 5 Road ™ 43 S90S i J 2 4y 5 R0 10 14 v S0 Mg 7 g o e 75 30 3 ]
8, F FH 8 B B0 43 1) %) 19 2 M 7 TRAR AT Rl o S T AR SOOI A A R BOK L K2 K3 43 e B 0
3.4, 8Pk My il A 28 B AN 1A 12 R 13 B, mil A RO R Y NV e iH 0 2 4 iR .

H 151 12 0 13 /Y Jay 8 i R (KT AT, AUTF \DIDF FIUAS 3O3RV 09 fil & KRR e S 45 /0, R B AUITF \DIDF
AR SCR T 49 AT DA 280 AT il 7 P A e 75 i JE At S o el B B0 925 4 il 4 PRV A 5 R IR 7 SR AL TR B4
g 7 417 1) g
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Fig.12 Fusion results of “Road” images with noise variance of 5
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Fig.13 Fusion results of “Road” images with noise variance of 10
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Table 4 NV statistics of fusion images based on eight algorithms

Noise WLS- NSST- NSST-
i DCTWT TE-MST AUIF DIDF Proposed
variance VSM MGPCNN PAPCNN
5 4.810 6.885 6.715 2.026 1.405 5.212 5.184 0.694
10 9.495 10.413 13.107 4.045 2.698 13.393 10.696 1.090
4 Hig

S5 L5155 T 0 P19 01 511, 5 5 9L 25 BLSE  5F BERT L RE L 8y T 3 T 30 254 P 4. 3
NSST HIZL5 5 0T SR A 5% 005 2540 R T 0 76550 PR 46 90300 NS T 09 207 03 AR 35 , 56 90
T A (5 58 5 A ISR 5 A R SR A B, 04 T B0 R AT B A 25115 TR PR 3
) . — 0 15 T 4 B L 5, WA T W 45 M 4 5 11500 L0 D L BT A S0 A 015 f AR
I HE B 45 1% 341 ¢ ORI 0 T ST — 52 0 35
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Infrared and Visible Image Fusion Algorithm Based on Dynamic Range
Compression Enhancement and NSST

WANG Manli, WANG Xiaolong, ZHANG Changsen
(School of Physics & Information Engineering, Henan Polytechnic University, Jiaozuo, Henan 454000, China)

Abstract: In order to overcomes the problems of fusion image details loss, edge blur, lack of contrast and
clarity existing in the existing fusion algorithms, an infrared and visible image fusion algorithm based on
dynamic range compression enhancement and the non—subsampled shearlet transform is proposed. Fully
retain details and edge information of infrared and visible images. Firstly, the weak visible image is
enhanced by the high dynamic range compression enhancement method, and the visible image with good
brightness and contrast is obtained. Secondly, the infrared and visible images are decomposed by the non—
subsampled shearlet transform, and the corresponding low—frequency and high—frequency coefficients are
obtained. Then, the high—frequency coefficients are reduced by the hard threshold shrinkage to suppress the
noise in the high frequency coefficients. The average fusion method based on visual-saliency—-map
weighting and the fusion method based on large absolute value are used to fuse the low—frequency and high—-
frequency coefficients respectively. Finally, the fused image is reconstructed by the inverse non-
subsampled shearlet transform. In order to evaluate the algorithm objectively, spatial frequency,
information entropy, edge intensity, average gradient, noise variance and natural image quality evaluation
are used as image quality evaluation indexes. To verify the effectiveness of the proposed algorithm,
feasibility verification experiment, parameter analysis experiment and performance comparison experiment
were carried out respectively. The feasibility verification experimental results show that the spatial
frequency, edge information and average gradient of the fused images are significantly improved compared
with the original infrared and visible images, which shows that the proposed algorithm can effectively
improve the contrast and clarity of the image, and has a good edge preservation ability. At the same time,
the information entropy of the fused images and the original infrared and visible images have little
difference, which indicates that the proposed algorithm can protect the details of the original image well. In
the parameter analysis experiment, to analyze the influence of the selection of threshold shrinkage
proportion coefficient on the quality of the fused image, subjective visual analysis and objective data
analysis were carried out on the test results under different parameter combinations, and a group of better
threshold shrinkage proportion coefficient was obtained. In the performance verification experiment, the
fusion performance of the proposed fusion algorithm and other seven comparison algorithms is compared
from subjective and objective aspects. Compared with the other seven algorithms, the proposed algorithm
has bright background, high contrast, intact edge details, and better overall visibility of the fused image. It
has advantages in spatial frequency, edge information, information entropy and average gradient, among
which the advantages of spatial frequency, edge information and average gradient are more prominent,
indicating that the proposed algorithm has better performance in texture detail expression, edge detail
feature retention and visual clarity. To further verify the efficiency of the algorithm, 10 groups of infrared
and visible images with the size of 270X 360 were selected, and the average time of each group of images
was obtained. The operating efficiency of the proposed algorithm is better than that of the other two
comparison algorithms based on the non—subsampled shearlet transform decomposition, but lower than that
of DTCWT, WLS-VSM and TE-MST. In order to verify the noise reduction effect of the proposed
algorithm, Gaussian noise with variance of 5 and 10 is added to the test image respectively to form the
noise test image. Eight algorithms are used to fuse the two groups of noise images respectively. Compared
with the other 7 algorithms, the noise variance index of the fused image obtained by the proposed algorithm
is the smallest, which indicates that its noise suppression effect is better. Experimental results show that
this algorithm can fuse infrared and visible images effectively, which cannot be achieved by a single type of
image, and thus improve the image identification reliably. Compared with existing fusion algorithms, this

algorithm has certain advantages in detail information retention, contrast enhancement and edge blur
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suppression.
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