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Image Enhancement Based on Dual-Channel Prior and Illumination
Map Guided Filtering

Zhao Xinyu", Huang Fuzhen
College of Automation Engineering, Shanghai University of Electric Power, Shanghai 200090, China

Abstract Aiming at the problems of halo artifacts, edge details loss and noise amplification in the low-illumination
image enhancement process, an image enhancement algorithm was proposed based on dual-channel prior and
illumination map guided filtering. As the traditional fog-degradation model only uses dark-channel prior for image
enhancement, local areas have different depths of field, which thus results in the problems such as image
overexposure and halo artifacts. As for these problems, the bright and dark dual-channel integration method is
adopted to calculate the atmospheric optical value and transmittance. As for the problem that edge information is
casy to be lost, the illumination map gradient domain guided filtering is adopted to improve and refine
transmittance. As for the problem of noise amplification in the enhancement process, the BM3D filtering is adopted
for denoising. The experimental results indicate that, in different low-illumination images, the proposed algorithm
shows an obvious improvement in denoising, halo eliminating, brightness adjustment and edge preservation if
compared with other low illumination enhancement algorithms.

Key words image processing; image enhancement; Retinex; physical model of defogging; dual-channel prior;
illumination map guided filtering
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7 RIESE T & A AR 3 506 4 i IR IR MR 3R 45 58 . (al) ~ (a3) JRIE 5 (b1) ~ (b3) SCHR[11] A5 EE
(1)~ (e3) 3CHR[22] M5 (A1)~ (d3) k(23] MBI (el)~ (e3) A LR
Fig. 7 Enhancement results of low-illumination images with light source and inhomogeneous light rays for different
methods. (al)—(a3) Original images; (bl1)—(b3) method in Ref. [11]; (c1)—(c3) method in Ref. [227;
(d1)—(d3) method in Ref. [23]; (el)—(e3) proposed method

P ST gy ORI R4 B SRR R (G 6
oAb p FET AR ELBRSOR [ SR L (T 1R LI LR

Rilep, RRES o IR, W% 2 PR A i 5 I —3K .
*2 HBREEN

Table 2 Information entropies of images

Original image Method in Ref. [11] Method in Ref. [22] Method in Ref. [23] Proposed method
Fig. 6(al) 7.2516 7.6565 7.4933 7.8762
Fig. 6(a2) 6.7724 7.0452 7.1503 7.4747
Fig. 6(a3) 7.5497 7.5141 7.1526 7.7957
Fig. 6(ad) 6. 8558 7.5090 7.1526 7.5188
Fig. 7(al) 6.3663 6.9588 7.0763 7.1562
Fig. 7(a2) 5.5262 6.2352 6.2431 6.7724
Fig. 7(a3) 6.0362 6.7964 6.7625 7.0236
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n 4390 o PR 0 B O A5 BOR BB e 3 R, A ‘ (W +ar +COGx tor+C)

SCEE R 9 V15T 44 B B2 R E T 6 Cal) A BIE 3 (19)
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#*3
Table 3

P 5K 3 B S

Average gradients of images

Method in Ref. [11]

Original image

Method in Ref. [22]

Method in Ref. [23] Proposed method

Fig. 6(al) 8. 9607
Fig. 6(a2) 6.8744
Fig. 6(a3) 4.2377
Fig. 6(ad) 2.2127
Fig. 7(al) 5.2635
Fig. 7(a2) 3.2163
Fig. 7(a3) 7.0156

11. 8851 9.7361 10. 0400
6.4497 5.0609 7.9357
5.3210 3.9981 6.2678
2.1871 2.8916 3.0929
6.8695 6.2302 7.0025
5. 6289 4.3256 5.8953
7.8635 7.2311 8.2362

K S (XY HEEA AR 5w vuy 5351 R ER
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Fioxy WEMEX MY W 2:C,.C, M1 C, B
B0 TR B 0,38 H L C, = (0. 01X 255)7,

%4

C,=1(0.03X255)", N 4 IR, A LEEIGER
AHALE e 4230 1, PRR S0 B b L TG 22 4% 116 2 fh 32
IR 75 R n) 8, 5 3 A — 5

Pl 0 45 ) D)

Table 4 Structural similarities of images

Original image Method in Ref. [11]

Method in Ref. [22]

Method in Ref. [23] Proposed method

Fig. 6(al) 0.5203 0.5935 0.4988 0.6233
Fig. 6(a2) 0.4032 0.5211 0.4210 0. 5834
Fig. 6(a3) 0.5986 0.6525 0.5514 0. 6958
Fig. 6(a4) 0.5243 0.6982 0.6201 0.7033
Fig. 7(al) 0.5722 0.5808 0.4169 0.6110
Fig. 7(a2) 0.5596 0.5117 0.4659 0.5863
Fig. 7(a3) 0.4203 0.5261 0. 3034 0.5627
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