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Image dehazing algorithm based on adaptive gamma
correction estimation

WU Zheng-ping, CEN Shuai-hong”

(College of Electrical Engineering & Renewable Energy, China Three Gorges University
Yichang 201306, China)

Abstract: Aiming at the problems of the current popular image dehazing algorithms, such as excessive
dehazing which causes image color distortion or insufficient dehazing, an image dehazing algorithm
with adaptive gamma correction estimation is proposed. Firstly, according to the brightness of the im-
age, the different gamma correction functions are used to fit the relationship between the hazy image
and the fogless image under different scene depths, and the minimum channel of fogless image is
adaptively estimated. Then, the minimum channel of the non-fog image is corrected by the guided fil-
tering algorithm to maintain the linear relationship between the hazy image and the non-fog image in
the local area with the same depth of the scene. The initial transmittance according to the atmospheric
scattering model is obtained. Then, the initial transmittance through Gaussian relativity is optimized
to obtain the precise transmittance with structure retention and local smoothness. By increasing the

search field, the upper half of the blue channel of the hazy image is used as input to improve the
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quadtree algorithm, and stably obtain the hazy image pixel value corresponding to the deepest part of

the scene as the atmospheric light value. Finally, the brightness of the restored image is enhanced by

the gamma correction function. The experimental results show that the contrast and average gradient

of the restored image are increased respectively by 40.66% and 20.98% on average, and have higher

information entropy. The above algorithm dehazes significantly, and the restored image has

higher definition

Key words: image dehazing;gamma correction; minimum channel ;quadtree;relativity of Gaussian
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Tab.1 Contrast comparison of images of 5 different types of scenes
Contrast

Image - -

Hel! Meng!*] Zhu!'" Cait' AODM EPDNH" MSBDN-DFF!'?] Ours
One 108.972 6 127.838 4 79.735 3 99.206 0 118.309 0 105.878 3 55.452 1 172.582 1
Two 156.381 1 142.264 2 61.257 3 103.733 2 143.239 1 128.760 8 95.064 8 295.506 4
Three 146.087 3 197.219 2 83.532 8 107.138 6 180.287 2 146.321 9 79.498 2 344.377 5
Four 510.527 2 823.589 3 269.550 6 403.269 1 524.334 5 445.944 4 272.500 3 854.300 4
Five 151.149 2 232.107 6 100.614 2 129.443 0 147.517 0 126.440 87.266 3 234.375 7

K2 SHARLBGIEEGHFEHBEEIIL
Tab.2 Comparison of the average gradient of images of 5 different types of scenes
Averge gradient

Image

Hel*?! Meng"* Zhu''* Cait AODM EPDNHY MSBDN-DFF! Ours
One 4.362 4.868 1 3.768 3 4.003 7 4.545 8 4.612 3 3.122 7 5.916 3
Two 5.572 3 5.380 6 3.272 5 4.498 3 5.356 8 5.393 1 4.592 1 7.609 4
Three 4.311 2 5.599 3 3.027 3 3.781 8 5.009 3 4.759 3 3.666 9 6.737 4
Four 10.705 7 13.287 9 7.359 9 9.149 0 10.517 9 10.530 5 8.032 3 13.717 4
Five 4,222 3 4.947 1 3.412 6 3.946 6 4.354 3 3.835 6 3.442 1 6.096 4

R3I SHARXBGIEGHNERBTLL
Tab.3 Comparison of information entropy of images of 5 different types of scenes
Information entropy

Image - - -

Hel*?] Meng™’ Zhu!'"] Cail'] AODH? EPDNM MSBDN-DFF!* Ours
One 7.165 7 6.654 8 7.060 1 7.245 9 7.266 7 6.696 7 7.184 1 7.2317
Two 7.406 3 6.721 7 6.388 4 6.797 7 7.023 1 7.074 6 6.972 0 7.204 8
Three 7.442 9 7.176 3 7.195 8 7.720 3 7.600 4 7.664 7 7.715 0 7.659 8
Four 7.358 4 7.339 7 6.794 7 7.211 3 7.124 5 7.400 4 7.229 0 7.369 4
Five 6.020 3 5.870 1 6.092 5 6.442 3 6.065 6.358 6 6.348 6 7.094 9
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Tab.4 Running time of different algorithms

Image size Hel** Meng"" Zhu™" Cai''" AODM" EPDNI') MSBDN-DFF Ours
465 X 384 1.414 3 2.872°5 1.035 7 2.185 7 0.656 2 1.251 2 5.460 1 0.963 4
441 X 450 1.707 6 3.090 0 1.070 5 2.2275 0.734 3 1.358 2 5.496 2 0.998 8
600 X 525 2.353 5 4.030 8 1.470 9 3.513 9 1.156 2 1.805 8 8.236 5 1.396 3
1000X 750  5.817 1 7.478 9 3.065 1 6.885 4 2.703 0 3.871 6 19.299 0 2.712 0
1111X741  7.116 0 9.759 7 3.293 4 7.862 2 2.999 9 4.516 5 22.681 9 3.209 3

T IR 5 A B AT SR AL RS v A O AR

ARSCHR I T —Fh [ 38 B gamma A2 IE AL T 19
KB L5k, 58 1 k5 BBk . of o
R PARNERS I A AT AT RVAR 38 5 7 50 IR
JEH G 1 P& 52 B RIS [R] B9 gamma 12 1F 3%
i, PR KK 1 1T T B R A [ 37 SR T A o5 RS
Jogs G Z (8] 9 56 & 2R T A 38 R Al 3 H TG %5 1]
B dw/INEE L Il 51 D k0 TG 5 R R
ANEE AT B IE R B 5 A %5 & f /bl 1 B A
FH TR B2 4 o R I e o S AR P - 1 0 i o

& % X #:
[1]

R RSO, IR R L E5 K . S Ah T RA
SCAE Al T o 38 2k 3G 4 R 45U A % R
SRR B SR Y (S TN i B RPN
ARG A 55 K5 3 5 B TR A T %o 1 ) 8 2R (B AR
HRAOCHE . FJa A gamma B IE 533 % &2 5
PG Y 52 BE E AT 3 5 . 38 3o S 39 ik, AR SC A
B AT ST o S e 4 SR e WY A D TR 1% o L BE R
SEH RS 4> B T 40,66 %,20.98 % , 38 47 B A AH
o 1% 52 5 ik vh iz 47 i R de 0 SR R T
6.57 % » LA R B I R AN AEAE G 2= R0, I HLAE 8]
AR TR R T . 2% Mg, Bl 5
JEE A, ML O A AR

R, R FR EREFN R IR ] A s 54K ,2015,41(2) :221-239.

WU D, ZHU Q S. The latest research progress of image dehazing [ J]. Acta Automatica Sinica, 2015, 41(2): 221-

239. (in Chinese)

(2] EZEZE.RE.5GUH Retinex K H & N 73 38000 19 55 4 23 B 50 08 RMRE 3R [T ] 6 5 4% 2% £ 42,2020,28(8):
1820-1834.
WANG W X, ZHAO H. Haze traffic image enhancement based on improved Retinex and adaptive fractional differ-
ential [ J]. Optics and Precision Engineering , 2020, 28(8): 1820-1834. (in Chinese)

(3] B&m, A4S RUE Retinex W55 K BRFL[LT ] 3 SEALdh 80 %91 5 B 5 5 4R, 2015,27(2)
217-225.
MA Z L., WEN ]. Single-scale Retinex sea fog removal algorithm fused the edge information [J]. Journal of Com-
puter-Aided Design & Com puter Graphics 2015, 27(2): 217-225. (in Chinese)

[4] HE K M, SUN J, TANG X O. Single image haze removal using dark channel prior [J]. IEEE Transactions on

Pattern Analysis and Machine Intelligence , 2011, 33(12): 2341-2353.



H1m SRET, 55 5T B N gamma B IE AR Y R 25 55 Bk 115

(5]

[6]

7]

HE K M, SUN J, TANG X O. Guided image filtering [J]. IEEE Transactions on Pattern Analysis and Machine
Intelligence » 2013, 35(6): 1397-1409.

HEF RS, S AR, F UEREE RS FIREET] LS % T42,2020,28(6):1387-1394.

HAN H N, QIANF, LU J W. e al. Aerial image dehazing using improved dark channel prior [J]. Optics and
Precision Engineering s 2020, 28(6): 1387-1394. (in Chinese)

BRBAE KT I R R R L E ) ] R S B B 7 ,2019,34(7) :690-697.

SHAO M S. Image dehazing based on improved dark channel algorithm [J]. Chinese Journal of Liquid Crystals
and Displays, 2019, 34(7): 690-697. (in Chinese)

(87 e my e AT 0 if 0 ARk o 4 5 I 3l 5 7 T I ) 1 ) PR 2 B BTR L) ] o b5 27, 2021,36(4) :596-604.

LI P F, HE X H, QING L B, et al. Nighttime dehazing algorithm of dark channel and bright channel fusion opti-
mization [J]. Chinese Journal of Liquid Crystals and Displays, 2021, 36(4): 596-604. (in Chinese)

[9] MENG GF, WANG Y, DUANJ Y, et al. Efficient image dehazing with boundary constraint and contextual regu-
larization [C]//Proceedings of 2013 IEEE International Conference on Com puter Vision. Sydney: IEEE, 2013;
617-624.

[10] ZHU Q S. MAI ] M, SHAO L. A fast single image haze removal algorithm using color attenuation prior [J].

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

[11] CAIBL, XU X M, JIA K, et al. DehazeNet: an end-to-end system for single image haze removal [J]. IEEE
Transactions on Image Processing , 2016, 25(11): 5187-5198.

[12] LIBY, PENG XL, WANG Z Y, et al. Aod-net: All-in-one dehazing network [C]//Proceedings of 2017 IEEE
International Conference on Com puter Vision (ICCV). Venice: IEEE, 2017 4770-4778.

[13] M, REIRGIREY S FHIEPIEAERGEZ TR AT LS % T42,2019,27(12) :2702-2712.
CHEN Q J, ZHANG X. Application of hybrid residual learning and guided filtering algorithm in image defogging
[J]. Optics and Precision Engineering » 2019, 27(12): 2702-2712. (in Chinese)

[14] QU Y Y, CHEN Y Z, HUANG J Y, et al. Enhanced pix2pix dehazing network [ CJ//Proceedings of 2019
IEEE/CVF Conference on Com puter Vision and Pattern Recognition (CVPR). Long Beach: IEEE, 2019:
8152-8160.

[15] DONGH, PANJ S, XIANG L, et al. Multi-scale boosted dehazing network with dense feature fusion [C]//Pro-
ceedings of 2020 IEEE/CVF Conference on Com puter Vision and Pattern Recognition (CVPR). Seattle: IEEE,
2020: 2154-2164.

[16] NARASIMHAN S G, NAYAR S K. Chromatic framework for vision in bad weather [C]//Proceedings of IEEE
Conference on Com puter Vision and Pattern Recognition. CVPR 2000. Hilton Head: IEEE, 2000: 598-605.

[17] CAIBL, XING X F, XU X M. Edge/Structure preserving smoothing via relativity-of-gaussian [ C]//Proceedings
of 2017 IEEE International Conference on Image Processing (ICIP). Beijing: IEEE, 2017. 250-254.

[18] KIMJ H, JANG W D, SIM J Y, et al. Optimized Contrast enhancement for real-time image and video dehazing
[J]. Journal of Visual Com munication and Image Representation, 2013, 24(3) . 410-425.

[19] BB AIH . HEETHBENZSROCEKFENEGREFE FEII]L&LS Lo T 53 &, 2020,57
(6):061011.

GAO Q. HU L L., CHEN X. Image dehazing method based on dark channel compensation and improvement of at-
mospheric light value [J]. Laser & Optoelectronics Progress, 2020, 57(6); 061011. (in Chinese)

EEE N :

KRIEF (1966 —) . J. WM T 5 A, M
A+ 2, 2004 A TR PR AR AT
WA, FENFERFRGA S
Fe P 25 Ao B2 A 5 A 5 T Y
5% . E-mail: wuzp@ctgu.edu.cn

HILT (1992 —), 5, WA O AL )
FAF5E AR 2019 4E T R 2% B AR
g, FENFHF RS A T7
B A 98 . E-mail: 1002473401 @ qq.

com




