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Fig. 1. Guide filter for one-dimensional signal.
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Fig. 2. Block diagram of the algorithm.
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Fig. 3. Estimate radiation images with different dimensions: (a) small-scale; (b) meso-scale; (c) large-scale.
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Fig. 4. Logarithmic transformation and GLR model
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Fig. 5. GLR subtraction.
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Fig. 6. One-dimensional signal of the 50th rows of the

reflection pixel.
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Fig. 7. GLR multiplication.
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Fig. 8. The original image: (a) low illumination image; (b) infrared image; (c¢) X-ray medical image; (d) haze image.
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Fig. 9. Comparison of visible low illumination image enhancement: (a) MSR; (b) HE; (c) HF; (d) proposed.
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K10 ZsrEEgEEstt  (a) MSR; (b) HE; (c) HF; (d) A
Fig. 10. Comparison of infrared image enhancement: (a) MSR; (b) HE; (c) HF; (d) proposed.
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Fig. 11. Comparison of X-ray medical image enhancement: (a) MSR; (b) HE; (c) HF; (d) proposed.
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Fig. 12. Comparison of dehazing result: (a) MSR; (b) HE; (c¢) HF; (d) proposed.
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Table 1. Comparison of image quality evaluation parameters.

Method Low illumination Infrared X-ray Haze
H C H H C H C
Orignal 5.647 0.048 4.038 0.079 3.981 0.056 7.082 0.029
MSR 7.619 0.178 6.475 0.176 3.582 0.112 6.906 0.051
HE 6.155 0.140 5.515 0.168 3.671 0.091 5.849 0.033
HF 6.043 0.126 5.321 0.154 3.049 0.081 6.272 0.027
Proposed 8.017 0.174 7.348 0.187 4.992 0.128 7.824 0.047
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Abstract

According to irradiation-reflection model, by combining the generalized bounded operation model with guide filter,
the problem of enhancement for multispectral degraded images with blurred details can be effectively solved and the
contrast and low signal-to-noise ratio can be improved. The multi-scale reflection component image, i.e., final enhanced
image is obtained through the following procedures: using the adaptive different scales of guide filter function as surround
function estimate reaction; separating out the high-low-frequency information; obtaining the different scales Irradiation
images which react the overall structure of the image; using the bounded generalized logarithmic ratio (GLR) model
addition to replace the Retinex logarithmic transformation; taking a similar logarithmic transformation to the original
image to improve the contrast of the image and make the dark area of image details enhanced; again using GLR model
subtraction to remove illuminate components from the original image to segment the different scales of the reflection
image, thereby avoiding the loss of small details and the big details caused halo effect and noise interference. With four
direction Sobel gradient image which reflects the comprehensive edge details of image information the adaptive gain
function can be obtained. To avoid the smooth area noise amplification, by using the GLR model multiplication and
addition to fuse the effective information of different scales images, the multi-scale reflection image, namely the final
enhanced image are obtained. The effective suppression of the emergence of halo effect and computing overflow, which
can retain a large number of image details; the comparision of subjective visual effect and the quantitative parameter
analysis of the visible low illumination image, haze image, infrared image and X-ray medical images (a total of four
groups of multispectral degraded images), the use of the contrast and entropy as evaluation indices, qualitative and
quantitative comparison with a variety of image enhancement algorithms, show that the proposed algorithm strengthens
and keeps the details of the image texture and edge, realizes the image contrast enhancement and the effective dynamic
range compression, has a strong anti-noise ability, and can meet a variety of practical engineering image enhancement
needs. The results of the study has been used in the infrared thermal imager, and good results have been achieved. The
proposed algorithm is only for 8-bit grayscale image enhancement, and the color image enhancement will be studied in

the future.
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