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Abstract

We develop the signal processing method for adaptive implementing direction of signal and the frequency sensitivity of human
visual system(HVS). Existing multiband energy scaling method makes ringing artifact because it does not consider signal direction.
To solve this problem, we use block gradient for signal direction in addition to existing method. And we use the fact that
frequency component of signal is more sensitive than value of signal over human eyes. we enhance the signal according to
contrast sensitivity function(CSF) which is the model of frequency sensitivity of human eye. Compared that the existing analysis
models only improve the efficiencies in the existing systems, the developed method can process the image signals to be more
desirable and suitable to HVS.
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Fig 1. Image enhancement result by signal direction. (a) Directional
image, (b) Image enhanced frequency components parallel to signal
direction, (c) Image enhanced frequency components perpendicular to
signal direction, (d) Non-directional image, (e) Image enhanced fre-
quency components perpendicular to signal direction, (f) Enhanced im-
age by all direction.
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Fig 2. Frequency energy distribution by signal direction in DCT. (a)
Horizontal edge, (b) Energy distribution of horizontal edge in DCT do-
main, (c) Vertical edge, (d) Energy distribution of vertical edge in DCT
domain, (e) Diagonal edge, (f) Energy distribution of diagonal edge in
DCT domain.
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Fig 3. Block artifact preventing method. (a) Original image, (b) Block
artifact image by existing method, (c) Enhanced image without block
artifact by proposed method.
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bridge 0.7467 0.6678 0.7028 0.7636 0.7753
cathedral 0.7228 0.6610 0.7550 0.8070 0.7891
deer 0.8778 0.8443 0.8799 0.8993 0.9002
fireworks 0.9337 0.7162 0.6750 0.5677 0.6540
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Table 2. MOS test between the conventional methods and proposed method

Image HE CLAHE S. Lee!™ T. Celik!"® Proposed
artificial 0.075 0.065 0.062 0.068 0.071
bridge 0.885 0.726 0.728 0.798 0.829
cathedral 0.441 0.586 0.641 0.682 0.675
deer 0.156 0.231 0.259 0.236 0.287
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nightshot_iso_100 0.875 0.675 0.568 0.613 0.684
spider_web 0.187 0.155 0.210 0.235 0.215
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Table 3. Different MOS value of several « in proposed method

o 3.0 5.0 7.0 9.0 11.0
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Fig 4. Comparison of image enhancement result. (a) Original image, (b) Image enhanced by histogram equalization, (c) Image enhanced by CLAHE,
(d)image enhanced by Lee[15], (e)lmage enhanced by Celik[16], (f)lmage enhanced by proposed method.
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Fig 5. Comparison of image enhancement result. (a) Original image, (b) Image enhanced by histogram equalization, (c) Image enhanced by CLAHE,
(d)lmage enhanced by Lee[15], (e)lmage enhanced by Celik[16], (f)image enhanced by proposed method.
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