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Adaptive Image Defogging Algorithm Combining Multi-Scale Retinex
and Dark Channel

Peng Jing, Xue Fengjin", Yuan Yubin

School of Electronics and Information Engineering, Lanzhou Jiaotong University, Lanzhow, Gansu 730070, China

Abstract To address the problems of poor visualization of restored images and the insufficient image details
obtained using dark channel prior algorithms in the processing of large areas of sky, we propose an adaptive image
defogging algorithm based on multi-scale Retinex and dark channels. A Canny operator is used to detect the edge of
the brightness component and a multi-scale Retinex algorithm is used to eliminate the brightness component. To
optimize the prior theory of the dark channel and obtain a rough estimate of the transmittance, we use a cross-
bilateral filter. We use the quadtree subspace search method to select the global atmospheric light value. To
eliminate the overall darkness of the restored image and enable the display of detailed image information, a 2D
gamma function is used to correct the brightness value and restore the defogged image. The experimental results
show that the proposed algorithm can effectively restore detailed information in a foggy image to obtain images that
feature thorough dehazing, overall smoothness, better color brightness, and a clear and natural appearance.

Key words image processing; Retinex; dark channel prior algorithm; edge preservation; 2D gamma function;
image defogging
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Fig. 3 Effect of different algorithms for processing close-range images. (a) Original images; (b) Ref. [7];
(¢) Ref. [8]; (d) Ref. [9]; (e) Ref. [12]; () proposed algorithm
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Fig. 4 Effect of different algorithms for processing alternating near-and-far images. (a) Original images;
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Table 1 p values of processing different images by

# 2 ARFRAEAFEGY A
Table 2t values of processing different images by

different algorithms

Proposed
Image Ref. [7] Ref. [8] Ref. [9] Ref. [12]

algorithm

1 1.2296  1.1788  1.0159  1.0657 1. 3386
2 1.1138  1.1596 1. 0685 1. 2269 1. 6675
3 1. 1859 1.1761 1.1169 1. 1751 1. 5083
4 1.1104  1.0774  0.9077  1.1679 1.6777
5 1.1814  1.0341  0.8125 1. 1625 1. 5929
6 1. 1371 1.0750  1.0229  1.1397 1. 3475

7 1.0939 1.1230  0.9799  1.1159 1. 8649

Mean 1.1503 1.1177  0.9892 1. 1505 1. 5711

3 AR AL BN [F R 1 PSNR
Table 3 PSNR of processing different images by different

algorithms

Proposed
Image Ref. [7] Ref. [8] Ref. [9] Ref. [12]

algorithm

1 61.2513 61.4723 62.1003 65.6993 62.1086
2 55.8298 57.0069 58.6501 58.6995 63.4518
3 58.0261 58.0033 61.2204 64.6648 61.8904
4 59.1774 55.5100 60.1118 65.4617 63.4308
5 60.9005 59.6184 61.0325 67.0162 62.3975
6 60.5424 59.5899 61.4846 68.1238 63.3756

7 59.0992 60.1070 61.4118 66.0904 60.2116

Mean 59.2610 58.7583 60.8588 65.1080 62.4095

4 ANFEIE A PN TE B 52 47 (]

Table 4 Running time of processing different images by

different algorithms different algorithms unit: s

Image Ref, [7] Ref. [8] Ref. [9] Ref. [12] *P* Image Ref. [7] Ref. [8] Ref. [9] Ref. [12] | oP*
algorithm algorithm

1 0.0997 0. 0867 0.0318 0.0148 0.1143 1 0.5069 0.0932 2.5809 1.5018 1.1069

2 0.2492 0.2994 0.1021 0.1775 0.4928 2 1.1512 0.0841 2. 2040 1.7727 1.1731

3 0. 3485 0.3967 —0.0021 0.1280 0. 3821 3 0.5956 0. 2506 1.4160 3. 8809 2.3102

4 0.3115 0.1456 —0.0789 0.0553 0.2071 4 0.4769 0.1391 1.5732 1.9901 1. 2699

5 0.0852 —0.0266 —0.1392 0.0849 0.1729 5 0.4351 0.0484 1.6150 0. 7655 0.7919

6 0. 1451 0.0823 —0.0070 0.0627 0.1423 6 0.4399 0. 0864 1. 9004 1.3791 1.0923

7 —0.0350 —0.0150 —0.2082 0.0412 0.1095 7 0.4036 0. 0580 1. 0559 0.6043 0.5253

Mean  0.1720 0.1384 —0.0431 0.0806 0.2316

Mean 0.5727  0.1085 1.7636  1.6992 1.1814

0410004-7



$£58% F4H/2021 F2 A/HEREFFHE

B 580 F FURE L T LSz A7 IR R 5 [ s T £ Sk AR
Retinex Ml & Al PR 1 Bk 't M8 73 38 19 52 iy DA BT
FRE IR By . 28 BT ad BT 4R Sk i PR BE
Bk,

5 4 1w

B XTI 30 T8 51 6 B8 2k b B A B 5 IX R e
T 20E SRR /N L FOR T G AL S BOGE RON  R A0k
(ELAG AN JE T 5 B30 T PRI A S g 5 ) i) A, i Y
LG 8 18 SE 50 5k o B O 45 & 2 R Retinex
21 Lab B8 23 ] v 42 BT 1 BR 5 B 03 7 ok 1)
S L kAL G0 1Y Retinex 535 X BHE (6% 7= A4 3%
Mel o 0 2 4 BURT DA AT A i A i PRIAGR 0 A alE A
PR S5 /I I8 5 | R 1 D16 2 280 SR FH 28 S8 D i
Xof AL 375 S SR AT AR B AT LLAT O W E PR, A
HSV 75 8] th ] FH Z 4E 40 S5 of B0t e B ) i kA7 Ak
B, AT LA TE AN [R) DA 8 B8 (R, DT 58 RS BE R Y
ok A RAHRAL S T MR . LR as SRR,
JIT 4 B 0] AT 5 T 2 52 R R S R B R
U g b BRACR L B2 R R R AT T w LA AR H
X IR 28 B A DX S Ak B ASOR BT TR O E AN T
T B A Y SR A, R i R B v vz S B R b i
SR A B AL 38 Sy I R B G TRt i — 25 A
PR A 22 2 P ORAWT R E R Z—

2 X% X #t

[1] Dai S B, Xu W, Piao Y ], et al. Remote sensing
image defogging based on dark channel prior [J].
Acta Optica Sinica, 2017, 37(3): 0328002.

AT, TR, KA, &5 TR R € 5 00 1Y I R
g %5 g [J]. o2 =4, 2017, 37 (3):
0328002.

[2] LiHY, Gao Y. Image dehazing based on sky region
segmentation and boundary constraint O gradient
minimization filtering [ J]. Journal of Nanjing
University of Science and Technology, 2020, 44(2):
236-245.

UL, AR, FETRA X4 B R B Lo B
JE /MU IR I PR 2255 Bk [T s BT R 2
2, 2020, 44(2): 236-245.

[3] LiYY, DuY C, Gu Z F. Single image defogging
method combined with sky region recognition [J].
Computer Engineering and Application, 2018, 54

(19): 202-208.

SR, MFER, R . S5 KA KA i iR

B2 k0], A TR S MM, 2018, 54

(19): 202-208.

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

0410004-8

Hu Y B, Tang C, Tao S. Enhancement of optical
interferometry f{ringe patterns based on multiscale
Retinex algorithm [J]. Laser &
Progress, 2019, 56(24): 241006.
vk, JERE, B, 2T 2 RE Retinex F3L 6
TW R Gags ], Bot S e ¥ 8 R, 2019,
56(24): 241006.

Liu HT, Lu H Q, Zhang Y. Image enhancement for

Optoelectronics

outdoor long-range surveillance using I1Q-learning
multiscale Retinex[J]. IET Image Processing, 2017,
11¢9): 786-795.

Yu P, Hao C C. Foggy image enhancement by
combined fractional differential and multi-scale
Retinex [ J].
2018, 55(1): 011012.

AR, R . BT B B 1 £ R Retinex B
BHEHEGERAE L] BotE5th i,
2018, 55(1): 011012.

He K M, Sun J, Tang X O. Single image haze
removal using dark channel prior [C] /2009 IEEE

Conference on

Laser & Optoelectronics Progress,

Computer Vision and Pattern
Recognition, June 20-25, 2009, Miami, FL, USA.
New York: IEEE, 2009: 1956-1963.

Yu T, Riaz I, Piao J C, et al. Real-time single image
using  block-to-pixel interpolation and
adaptive dark prior [J]. IET
Processing, 2015, 9(9): 725-734.

Zhu Q S, Mai J M, Shao L. A fast single image haze

removal algorithm using color attenuation prior[]J].

dehazing

channel Image

IEEE Transactions on Image Processing, 2015, 24
(11): 3522-3533.

Sun W, LiD]J, Liu HJ, et al. Fast single image fog
removal based on atmospheric scattering model [J].
Optics and Precision Engineering, 2013, 21 (4):
1040-1046.

IME, R, XEIE, 5. T RS
PRI RRE £ 55 [J] . Ot Ri# LAE, 2013, 21(4):
1040-1046.

Meng G F, Wang Y, Duan J Y, et al. Efficient
image constraint and

IEEE

Vision,

dehazing with boundary
Lcl // 2013
Computer
December 1-8, 2013, Sydney, NSW, Australia. New
York: IEEE, 2013: 617-624.

Cai BL, Xu X M, Jia K, et al. DehazeNet: an end-

contextual regularization

International Conference on

to-end system for single image haze removal []].
IEEE Transactions on Image Processing, 2016, 25
(11): 5187-5198.

Zhao C L, Dong ] W. Image enhancement algorithm
of haze weather based on dark channel and multi-scale

Retinex[]]. Laser Journal, 2018, 39¢(1): 104-109.



E58%5 £ 4H/2021 £2 B/EtERBFEHRE

[14]

[15]

[16]

[17]

[18]

X, HHA . TR E M2 ¥ Retinex Y55
g R ARG B k[T WO, 2018, 39(1):
104-109.

Ma W J, Liu] H, Wang X P, et al. Adaptive image
defogging algorithm combined with Lab space and
single-scale Retinex[]J]. Journal of Applied Optics,
2020, 41(1): 100-106.

3, X&R, £/, % 454 Lab M AR
B Retines 9 5% 07 1% 2 3 500 0] W DB %
2020, 41(1): 100-106.

Md Shukri D S, Asmuni H, Othman R M, et al. An
improved multiscale Retinex algorithm for motion-
blurred iris images to minimize the intra-individual
variations[J]. Pattern Recognition Letters, 2013, 34
(9): 1071-1077.

Zhao Y M, Wang L X, Jin W Q,

transfer method for colorization of grayscale image

et al. A color

based on region histogram statistics[J]. Transactions
of Beijing Institute of Technology, 2012, 32(3): 322-
326.

MU, ERE, SHH, 5. LT XEET K5t
BRI BE P 5 R A 38 T 1 [T bt B E 2 2 4R
2012, 32(3): 322-326.

Luan X, HouGJ, SunZ Y, et al. Underwater color
image enhancement using combining schemes [J].
Marine Technology Society Journal, 2014, 48 (3):
57-62.

Shang Y. Adaptive enhancement algorithm of low

illumination image at night based on Retinex [J].

[19]

[20]

[21]

[22]

0410004-9

Information & Communications, 2020, 33(4): 36-
38.

# . 2T Retinex 194 (8] Ik BB 1145 A 3 1 44 5 5
W11, {5 B, 2020, 33(4): 36-38.

Yang Y, Zhang G Q, Jiang P P. Gaussian decay and
adaptive compensation dehazing algorithm combined
with scene depth estimation[J]. Optics and Precision
Engineering, 2019, 27(11): 2439-2449.

Pe, sRESR, L. 456 FORA T R RS
FLd A 2555 (U] 62 M% TR, 2019, 27(11):
2439-2449.

Han H N, Qian F, Li J W, et al. Aerial image
dehazing using improved dark channel prior [J].
Optics and Precision Engineering, 2020, 28 (6):
1387-1394.

R, B, SR, . o g e aE e g no A A
BIGREZ 1], Jtoe K% T, 2020, 28(6): 1387-
1394.

Bani¢ N, Lonc¢ari¢ S. Light random sprays Retinex:
exploiting the noisy illumination estimation[]]. IEEE
Signal Processing Letters, 2013, 20 (12): 1240-
1243.

LiF W, Jin W Q, Chen W L, et al. Global color
image enhancement algorithm based on Retinex model
[J]. Transactions of Beijing Institute of Technology,
2010, 30(8): 947-951.

BRI, B, BefliJ), 4. JET Retinex BRI
HOEGERERE L] bR T R 2R,
2010, 30(8): 947-951.



