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NSCT adaptive low illumination image enhancement
combining fractional differential and Retinex

LIN Jian-ping', LIAO Yi-peng®”

(1. College of Artificial Intelligence , Yango College , Fuzhou 350015, China ;
2. College of Physics and Information Engineering s Fuzhou university , Fuzhou 350108, China)

Abstract: Aiming to solve the low illumination images of low brightness, low contrast, and blurred
edges, an NSCT (Non-Subsampled Contourlet Transform) domain images enhancement algorithm is
proposed based on adaptive Retinex and adaptive fractional differential. Firstly, multi-scale NSCT de-
composition of low-illuminance images is needed to obtain low-frequency subbed images and high-fre-
quency subbed coefficients. The image brightness of low-frequency images needs to be improved by
multi-scale Retinex, and using non-linear bilateral filtering function to estimate the illumination com-
ponent. The illuminance component is corrected with the gamma correction functions to improve the
dynamic range of the image, and the reflection component is corrected using the influence factor to en-

rich its hierarchy and enhance the overall outline of the image. Then, the Bayes threshold is used to
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isolate noise in the high-frequency part, the adaptive fractional differentiation can be used to enhance

the details of the edges and textures of the image. Finally, NSCT reconstructs the processed image.

The experimental results show that the contrast, sharpness and information entropy of the algorithm

in this paper are improved by 10.7%, 9.8% ., and 2.3% on average compared with the existing en-

hancement methods. The enhanced image is also superior to existing algorithms in terms of details and

edge preservation, which improves the overall visual effect of the image.

Key words: low illumination images; image enhancement; NSCT transform; Retinex; adaptive frac-

tional differential
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Fig.8 Comparison map of infrared image 1 processed with different enhancement algorithms
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Tab.1  Objective data of experimental image 1 processed

with various algorithms

B X b T8 i 15 B4
CLAHE 11.61 7.94 6.85
FD(v=0.6) 12.77 8.57 6.99
MSR 13.18 8.84 7.04
Wavelet 45 # 17.54 10.99 7.23
Contourlet 28 4 18.31 11.13 7.33
NSCT 75 19.33 11.25 7.38
ik [14] 20.52 11.51 7.46
Sk [15] 30.07 15.96 7.57
AL 33.21 17.81 7.76
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Fig.9 Comparison map of infrared image 1 processed with different enhancement algorithms
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Tab.2 Objective data of infrared image 2 processed with
various algorithms

NS Xf L i A7 (PSR
CLAHE 19.21 10.35 7.63
FD(v=0.6) 21.77 11.44 7.59
MSR 27.85 12.92 7.57
Wavelet 48 28.41 13.29 6.91
Contourlet A% 33.53 14.96 7.51
NSCT Z& 4 33.57 14.86 7.69
SCHk [14] 34.58 16.31 7.65
ik [15] 51.45 21.59 7.72
A SO 56.41 24.01 7.83
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Fig.10 Experimental images of low illumination and visible light
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Fig.11 Comparison map of visible image 1 processed with different enhancement algorithms
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Fig.12 Comparison map of visible image 2 processed with different enhancement algorithms
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