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Dual-channel night vision image restoration method based on
deep learning

NIU Kangli, CHEN Yuzhang, SHEN Junfeng, ZENG Zhangfan’,

PAN Yongcai, WANG Yichong
(School of Computer Science and Information Engineering, Hubei University, Wuhan Hubei 430062, China)

Abstract: Due to the low light level and low visibility of night scene, there are many problems in night vision image,
such as low signal to noise ratio and low imaging quality. To solve the problems, a dual-channel night vision image
restoration method based on deep learning was proposed. Firstly, two Convolutional Neural Network (CNN) based on Fully
connected Multi-scale Residual learning Block (FMRB) were used to extract multi-scale features and fuse hierarchical
features of infrared night vision images and low-light-level night vision images respectively, so as to obtain the reconstructed
infrared image and enhanced low-light-level image. Then, the two processed images were fused by the adaptive weighted
averaging algorithm, and the effective information of the more salient one in the two images was highlighted adaptively
according to the different scenes. Finally, the night vision restoration images with high resolution and good visual effect were
obtained. The reconstructed infrared night vision image obtained by the FMRB based deep learning network had the average
values of Peak Signal to Noise Ratio (PSNR) and Structural Similarity (SSIM) by 3.56 dB and 0. 091 2 higher than the
image obtained by Super-Resolution Convolutional Neural Network (SRCNN) reconstruction algorithm respectively, and the
enhanced low-light-level night vision image obtained by the FMRB based deep learning network had the average values of
PSNR and SSIM by 6. 82dB and 0. 132 1 higher than the image obtained by Multi-Scale Retinex with Color Restoration
(MSRCR). Experimental results show that, by using the proposed method, the resolution of reconstructed image is improved
obviously and the brightness of the enhanced image is also improved significantly, and the visual effect of the fusion image
obtained by the above two images is better. It can be seen that the proposed algorithm can effectively restore the night vision
images.

Key words: Convolution Neural Network (CNN); multi-scale residual learning; super-resolution reconstruction; image

enhancement; image fusion; night vision image restoration; infrared night vision image; low-light-level night vision image
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Fig. 1 Structure of proposed method
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Fig. 2 Super-resolution reconstruction network structure of infrared images
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Fig. 3 Enhancement network structure of low-light-level images
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a= (0. + 1)~ (0] ”
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1S= 3, Y [8%f (i) =S (inf = D= i=1.)) -

AL =flj+D)=fG-1-1)-f(-1,j+1)-

FU+ 1= =f(@+1,j+D|/[(M-2)(N-2)] (15)
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Fig. 7 Reconstruction effect comparison of infrared images (avenue)
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Fig. 8 Reconstruction effect comparison of infrared images (house)
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Fig. 9 Enhancement effect comparison of low-light-level images (canopy)
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Fig. 10 Enhancement effect comparison of low-light-level images (street)
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Tab. 2 Evaluation results of super-resolution reconstruction of infrared indoor images in field test

Ttk 1 e
BM GMG LS BM GMG LS
LR 0.253 4 1521 851 8237931 0.2529 1327376 6238712
VDSR 0.2312 1851526 9514612 0.2311 1815163 9256423
DRCN 0.2199 1900 301 10998 454 0.2154 1955 678 10 425 120
EDSR 0.1921 2031212 11676 351 0.2002 2072812 11676 351
ATy 0.189 8 12 364 894 12 364 894 0.1923 2156 742 12 655 671
R3 NBEMEGREIPRERITNER
Tab. 3 Evaluation results of super-resolution reconstruction of infrared outdoor images in field test
T FRGE) M)
BM GMG LS BM GMG LS
LR 0.246 5 1531543 8238376 0.2477 1423782 7782732
VDSR 0.2219 1789 465 10254 612 0.224 6 1756 466 9645612
DRCN 0.2145 1 856 456 11578 897 0.216 4 1884974 10 645 612
EDSR 0.196 4 1938232 12 738 272 0.197 6 1998 321 11676 726
A5 0.1877 2095 461 13 878 564 0.1893 2 098 746 12 554 799
R4 WBHEAFBEERGILRITNER
Tab. 4 Evaluation results of enhanced indoor low-light-level images in field test
am ] P
W BM GMG LS BM GMG LS
LL 0.2877 1273738 7231212 0.2529 1327376 6238712
SRIE 0.242 1 1654973 9002317 0.2280 1667 861 8721 365
MSRCR 0.2345 1702 334 9945612 0.2223 1745 543 9456 172
LIME 0.2124 1900 823 11632710 0.2177 1932179 10 378 837
AT 0.2006 1998 743 12 564 791 0.2011 2032215 11243 781
£S5 MBHEIMUOLEGIERITNER
Tab. 5 Evaluation results of enhanced outdoor low-light-level images in field test
TR FEMGE) (i)
BM GMG LS BM GMG LS
LL 0.2377 1678 221 91237282 0.2589 1602 378 8976 321
SRIE 0.224 4 1865 172 10 875 671 0.2793 1732679 9723 652
MSRCR 0.2210 1937 382 11494 531 0.2297 1834 908 10 567 321
LIME 0.2172 2033 876 12 378 789 0.2202 1998 321 11677 612
AT 0.2019 2114579 13 365 725 0.209 8 2100 543 12 567 539
%6 WHENRESEQTHLER
Tab. 6 Evaluation results of indoor fusion images in field test
- . I Ha
ik BM GMG LS BM GMG LS
HR 0.189 8 2128 791 12 364 894 0.1923 2156 742 0.1877
HL 0.200 6 1998 743 12 564 791 0.2011 2032215 0.2019
SCHkL 11973 0.1993 1950 137 1103 219 0.2156 1899 376 0.209 9
Sk 27 Dk 0.196 3 2032334 1199 612 0.2049 1945 543 0.2028
Ak 0.1826 2133 889 12 988 521 0.1933 2063 721 0.1933
£7 MHBHRABREHLER
Tab. 7 Evaluation results of outdoor fusion images in field test
P FEMGE) (i)
BM GMG LS BM GMG LS
HR 0.1877 2095 461 13 878 564 0.1893 2098 746 12 554 799
HL 0.2019 2114579 13365 725 0.209 8 2100 543 12 567 539
SCHRL 11 1071 0.2099 2034 261 12 546 371 0.2112 1975 621 11 635 879
SCik[ 27 1071 0.202 8 2114 632 13102 760 0.207 6 2033 245 12025 673
AT 0.1933 2267 460 14 053 213 0.198 7 2133 209 12 936 761
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Fig. 12 Super-resolution reconstruction result of

infrared images in field test
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Fig. 13 Enhancement results of low-light-level images in field test
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Fig. 14 Image fusion results in field test
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