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Image Enhancement of Image Intensifying Device in Extremely
Low-Light Levels using Multiple Filters and Anisotropic Diffusion

Jin-Kyu Moon
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Abstract An image intensifying device is equipment that makes weak objects visible in a dark environment, such
as making nighttime bright enough to let objects be visually observed. It is possible to obtain a clear image by
amplifying the light in the presence of a certain amount of weak light. However, in an extremely low-light
environment, where even moonlight is not present, there is not enough light to amplify anything, and the sharpness
of the screen deteriorates. In this paper, a method is proposed to improve image quality by using multiple filters and
anisotropic diffusion for output noise of the image-intensifying device in extreme low-light environments. For the
experiment, the output of the image-intensifying device was obtained under extremely low-light conditions, and signal
processing for improving the image quality was performed. The configuration of the filters for signal processing uses
anisotropic diffusion after applying a median filter and a Wiener filter for effective removal of salt-and-pepper noise
and Gaussian noise, which constitute the main noise appearing in the image. Experimental results show that the
improvement visually enhanced image quality. Both peak signal-to-noise ratio (PSNR) and SSIM, which are
quantitative indicators, show improved values.
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Fig. 4. Device image according to illumination
(a) 0.3 Ix (b) 0.01 Ix (c) less than 0.005 Ix
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Table 1. Features and Pros & Cons by Method

Method Feature Pros Cons
Median Removal of Salt & Pepper Noise Effective for Salt Noise Removal Ineffective for Gaussian Noise
Removal
Wiener Reduction of Gaussian Noise Effective for Gaussian Noise Ineffective for Salt Noise Removal
Removal
Anisotropic . . .
Diffusion Reduction of Noise Non-removal edges Complex calculations
Removal of Salt Noise and reduction | Effective for Salt and Gaussian .
Proposed . X . . A lot of calculations
of Gaussian Noise Noise Reduction
Table 2. Image according to illumination
Dark Room
03 Ix 0.01 Ix <005 Ix Camera
Switch
Bus
Image
Camera Intensifying Object
Device
Zebra Fig. 6. Experiment Configuration
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Fig. 7. Comparison of Image Enhancement (< 0.005 1x)
(a) Original(PSNR=27.722)
(b) Proposed(PSNR=28.868)
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Table 3. PSNR Comparison
Object ]
Bus Zebra Map Tissue | Wall
Method
. 001 Ix | 28.858 | 30.988 | 29.361 | 31.876 | 31.018
Original
0.005 Ix | 26.106 | 27.722 | 27.834 | 26.053 | 27.473
Median 001 Ix | 30765 | 32577 | 31.711 | 33.558 | 32.507
0.005 Ix | 27.082 | 28514 | 29.469 | 26.829 | 28.752
Wiener 001 Ix | 30.339 | 32321 | 31.247 | 33297 | 32.332
0.005 Ix | 26.965 | 28471 | 29.332 | 26.748 | 28.646
Anisotropic | 0.01 Ix | 30,653 | 32.634 | 31.589 | 33.700 | 32.669
Diffusion | 0.005 Ix | 27.091 | 28.590 | 29.503 | 26.858 | 28.803
Moving | 0.01 Ix | 30.771 | 32407 | 31.561 | 33.245 | 32.182
Average | 0.005 Ix | 27.154 | 28564 | 29.574 | 26.854 | 28.781
Proposed | 0.01 Ix | 31.320 | 33.078 | 32.535 | 34.162 | 33.190
(Inverse) | 0.005 Ix | 27325 | 28.729 | 29.967 | 27.029 | 29.125
0.01 Ix | 31.809 | 33.488 | 33.225 | 34.699 | 33.742
Proposed
0.005 Ix | 27.489 | 28.868 | 30.334 | 27.164 | 29.379
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Table 4. SSIM Comparison

Object .
Method Bus Zebra | Map | Tissue | Wall
Original | 001 Ix | 0.967 | 0.980 | 0990 | 0.989 | 0.995
TS 1 0,005 Ix | 0.921 | 0.950 | 0.955 | 0.960 | 0.973
Median | 001 Ix | 0981 | 0.987 | 0995 | 0993 | 0.997
0.005 Ix | 0.951 | 0.966 | 0.978 | 0.974 | 0.986
) 0.01 Ix | 0.979 | 0.987 | 0.994 | 0.993 | 0.996
Wiener
0.005 1x | 0.949 | 0.966 | 0.976 | 0.974 | 0.984
Anisotropic| 0.01 Ix | 0.981 | 0.988 | 0.995 | 0.993 | 0.996
Diffusion | 0.005 Ix | 0.952 | 0.968 | 0.978 | 0.975 | 0.986
Moving | 0.01 Ix | 0.981 | 0.987 | 0.995 | 0.993 | 0.996
Average | 0.005 Ix | 0.952 | 0.967 | 0.979 | 0.975 | 0.986
Proposed | 0.01 Ix | 0.983 | 0.989 | 0.996 | 0.994 | 0.997
(Inverse) | 0.005 Ix | 0.957 | 0.970 | 0.982 | 0.977 | 0.988
Provosed | 001 1% | 0.985 | 0.990 | 0.997 | 0.995 | 0.998
P 0.005 Ix | 0.960 | 0.972 | 0.985 | 0.979 | 0.989
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