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Adaptive Unsharp Masking Filter Design Based on
Multi-Scale Retinex for Image Enhancement

Ju Young Kim*, Jin Heon Kim""

ABSTRACT

In this paper, we propose an image enhancement method based on Multi-Scale Retinex theory that
designs Unsharp Masking Filter (UMF) and emphasizes the contrast ratio adaptively. Unsharp Masking
(UM) technique emphasizes image sharpness and improves contrast ratio by adding high frequency

component to the original image. The high frequency component is obtained by differentiating between

original image and low frequency image. In this paper, we present how to design an UMF kernel and

to adaptively apply it to increase the contrast ratio according to multi—scale retinex theory which resembles
human visual system. Experimental results show that the proposed method has better quantitative
performance indexes such as PSNR, ambe & SSIM and better qualitative feature like halo artifact

suppression.
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Fig. 1. Flowchart of the proposed algorithm,
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(a)

(e (d)

Fig. 2. Low illumination area of image (a) input image (b) Low—light area using 3—by—3 filter (c) Low—light area
using 15—by—15 filter (d) Low—light area using 39—by—39 filter,

(a)

(c)

Fig. 3. The output result of the edges included in the low illuminance area (a) Edges included in the smallest area
of the illumination (b) The edge included in the area where the illumination is in the middle (c) Edges included

in the largest area of illumination,
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Fig. 4. Analysis of evaluation indicators of UM and pro—
posed method: (a) Comparison of PSNR index,
(b) Comparison of AMBE index, and (c) Compar—
ison of SSIM index,
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Table 1. Comparison of proposed method and PSNR index of existing technique

PSNR Total PSNR of 100 images avarage Standard Deviation
proposed method 2611.71 25.85 1.73
UM 1613.26 15.97 2.02

Table 2, Comparison of proposed method and SSIM index of existing technique

SSIM Total SSIM of 100 images avarage Standard Deviation
proposed method 97.39 0.96 0.0145
UM 79.74 0.78 0.0633

Table 3. Comparison of proposed method and AMBE index of existing technique

AMBE Total AMBE of 100 images avarage Standard Deviation
proposed method 616.54 6.10 1.6998
UM 1948.12 19.28 19.7751

(a) : b) T ©

(d)

(g)
Fig. 5. Experiment results of UM and UMF: (a, d, g) input image, (b, e, h) UM, and (c, f, i) proposed method,
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Table 4, Comparing the proposed method and the computation speed of the existing technique

Comparison of operation speed Sum of computation times avarage Improvement rate
proposed method 1.866 = 0.0184 = 1.3357
UM 27190 = 0.0277 = 1.0000
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