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Adaptive Transmissivity Correction Algorithm for Defogging Combining Image Tex-
ture Information
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Abstract: Image defogging algorithm is widely used in outdoor intelligent monitoring and traffic navigation
fields. After defogging, the image clarity is improved to enhance the recognition effect of the target. Dark
channel and its improved algorithm have errors in transmittance estimation in bright gray areas such as sky,
and are prone to distortion and blurred image details, which will affect image recognition in intelligent
transportation field. An adaptive transmittance defogging method is proposed to compensate the
transmissivity. Logarithmic transformation is used to obtain logarithmic compensation operator to adjust the
transmissivity in the depth of field area. The confidence of dark channel is calculated according to the
richness of image information, and the texture compensation operator is constructed combining the image
texture information. It can effectively improve the image distortion after defogging. Compared with other
defogging algorithms, the proposed algorithm has improved the average gradient, signal-to-noise ratio
(SNR) , information entropy and other objective indicators. The image quality has been effectively

improved with good transmission compensation effect for the gray bright area, clear and natural image
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details and moderate brightness.
Key words: transmissivity; logarithmic transformation; image texture information; image defogging; image

processing
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Table1l p,, and g, corresponding to different images

¥ 5 HPmax M
1 —0.34 —0.1
2 —0.07 0.3
3 —0.69 —0.3
4 —0.14 —0.1
5 —0.06 —0.3
6 —0.18 0.3
BT 2 R R 7 —0.09 0.1
8 —0.29 0.0

Fig.7 Schematic diagram of defogging results for fixed p

FL3E O A I 932 5 R AN 18 8 B, 51 A I I
5 B AR AN B R % 45 ) SO A B T A A
TR B0 S 3 RN SE BT X A6 37 B AR A
FhEE o NI 8 (b) AT LA B, b B2 5 B9 28 2 A0 5t
SRR RSN S A A R E L AR T
B R EE . R 51T 08 B Xt 2, HEAT
Ak B Sl G P AR S R I R AR A I O RN, AN 1 8
()P

(a) Foggy image

3 KWERSESM
3.1 EWTEH _

A% S IO 4 2 L B IR % 8 IR 5 5 P AR 0k AT -y
W UF P9 S AN [ Bk 25 AR X L L s g
SCHk[ 12 ] 3 b 35 23 i H: T X B 0 o8 4 % B A
vk % L VE T TR0 R € e B B
G R EAR A R . AR 9(a) i 1~2 47 R 5 7E
26 LM 302 2% K R O 1 AR 402 A AT I S 00 1 €O B AE
Ab T B K 7 X A R Pl T R O G G B v 1 2 2 B R R 45, T T 9 (a) i 56 1%
g e LI L B TR 2 KR 2 L Sk [ 104 vk A G R A T R AR AR LB R TR A
WP 9 (b) it 1~3 47 BR BT o (H 6 T 47 18 K 25 1K 58 377 5 16 2 47 76 7 I 0 3 4 /s EL 96 o 3 471
T EH . TP 9 (b) o 4~6 47 P& 15 v B K 55 1K 30 R AR A oo B0 A7 A% L SOk [ 13 55 3k 06 JK 635 361X
B DL R R AR AT TR IE S N5 B R B AR I 9 (o) A L AT IR TR . B
BT A FH1 0 3 T HISV 25 8] 0 K SO0 (T 78 52 2 06 BB 9 5 F° 90 S i o, 5 B0 1R 4% R 3 X A 18
il EEREMAREERE, W ()P 4~6 17 FIZ T & . T b B 2 5 9 B8 VR AL 4 b
BRI S I 9 () A 2 47 IR TR o SCHIR L1150 o oo A M W2 B SR 70 26 0K 1 10 6 5 T 4R
T 3 Bl A T A T EL 3 S5 6 S, 6 43 J6 PRI A0 B0 A€ O, 0 B S B, W 9.(d) e oy
36T . L2 T, AR SOtk £ B 5 st 7 MR 4015 B 2k, K €638 31X I 2 B0 4 [ {%
AR R A, AR 9Ce) AR 6 47 BB FT 8 s Kas XK A9 AL Bt 48 [ 4R, il 9 (e) i 4~5 17 B 1%

(c) Guided transmittance
K8 F I N i G AR LR B R
Fig.8 Schematic diagram of adaptive transmissivity

comparison



IFER FALAKEEYAENERRG ELFT K 401

7, % AR v SR AL b W IR 26 55 ROR BB I 9 (e) h 1~3 4T KR BT s, 32 WL B b U
A&

(a) Foggy image  (b) Ref[12] (c) Ref.[10] (d) Ref.[13] (e) Refl[11] (f) The proposed
algorithm algorithm algorithm algorithm algorithm

9 RIAG kL 5 A5 R HoR B

Fig.9 Comparison diagram of defogging results of different algorithms



402 o RE B L Journal of Data Acquisition and Processing Vol. 39, No. 2, 2024

3.2 BWEH

AR SCR B WLTAR 15 A3 A A2 U TR O ORR JEE |, SR A JE A0 R - 25 6 JEE 3 Al 2 55 IR0 153 I 3
W (LA W8 LE 2 T A A PR LA B o 1 B DK, PR A BB T P S 0 o e I
JIT AT B AL, PR A PR 1

SR« P B P BB R T LR I PR AR 4 3 B T SRR A

1

M N
G:
s S

(19)

S ;M><N1‘t%%l’§l1%%jt/l\;g$ﬂgﬁ%ﬂﬁa@l%ﬁ7k¥$nﬁﬁﬁrﬁl BB

S < S S e P AR 3 £ S, TR R

S p o BB B BEAEL N @ BAR 3 FT o e o
WAL e L < D (L5 R LU T T3 M BB B, T 3R A

(2 —1)

MSE

PSNR =10 X Ig (21)

bl R

P10 S 45 B A B B L PE A P A . AU 10Ca) AT D, AR SCA 3k b SCilik [ 13 14303k PSNR fH K, 2%
Ha /b SCIR12 )BT S Il R b g | A SRR A B> S B2 e R B e e /b |, i L% 57 5 PSNR
(B X T (0 N HE 1 R K B Ry ™ E . NI 10(b, o) Af WL, 55 Sk [ 12-13 [ vA H L, A SCB vk
S DR A5 B 5 R B R w7 B R EMR AR E B AR RS Ar . M 10 HpR] T, STk 13 ]88k
AR SCRE R 5 0% S B AT (7R A B K R K s X R I 2 55 AU R R SCik
(10,128 R RORAEE N SRR L R & D1 R a8 XS0 3 57 T 3 DR 8 e e 5 T SCik [ 11 2300 AR
SRR P B B FE AR R AR TR MR AR ¥ R o AR SCHEIEAE 386 B A5 B0 L (515 MR L 5 48 An 3 1
FxF OB AT B 385 9.53 %0 5 B P3R5 4.06 %6 (5 MR L EOF 4R S 5.67 040, AR SC
BB E L AREGE T ERR R, F 8 T BRI G AR (5 B, BREX L R B R E 1
P A5 SO A0 71 3 WA AT DL (1 U4, R A b SR AR AT, TGS TR RESC T R G . R K WS AR A dn 2
2HTR S

L —~— TR - —CRTIE ORI 194

13+ 17F —o—SCHR[13]30: —e—SCRR[LLISER 18 iig{}i}iﬁ
b == A SCEE
12 e ——CHRI10) 5%
11} . —s—SCHR[ 115
= S
5710 B
i 9 i
8 ¥ L
7 ——SCRRTI0 8% L
—=—JCRR[11] 5%
6 1 1 1 L 1 1 10 1 1 L 1 1 L 9 L 1 1 L L 1
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 "1 2 3 4 5 6 7 8

(a) Average gradient (b) Information entropy (c) Peak signal to noise ratio
K10 &R ELEZWITEN IR B E

Fig.10 Schematic diagram of objective evaluation indexes of each algorithm for defogging



x2 AEAEEHNERIEIRITLL
Table 2 Comparison of objective indicators of different algorithms
i Rk B4l Efge  E%B3 ER4 ERS EfRe R T EIMES
ScEk[1289k: 71101 11.3910 104039  8.8639 12,5182 11.1276 8.0311  9.2004
ScEk[101E Y 7.3127 12,9314 9.8524  6.4216 11.8217 10.4528 8.6850  9.9776
SERB R SCHR[131EE: 6.0246 10.6870 10.8549  9.6756 10.2723 11.7901 8.3158  9.657 9
SCER[117E . 85300 11.9541 10.1112 10.3371 10.4528  9.5214  7.4975 10.3630
ARIcHE 89174 134051 11.0383 105672 12.8972 122314  8.9320 10.5520
SCEk[121 8 14.4956 156421 13.5050 13.9770 152720 154018 14.9978 14.6472
SCHR[10)8 Y 14.9202 16.3315 11.8467 13.3497 14.1416 16.3411 15.8073 14.9821
fEE  SCmk[13)Ee: 151712 14.8531 14.666 0 14.9758 13.2014 159611 155712 15.7968
SCHR[111673: 15.284 6  15.8727 13.8371 14.3928 13.4707 14.6257 16.1775 16.253 3
ARIcEY: 1656821 16.5851 15.2270 155296 154241 16.3998 16.2946 16.4716
SCEk[121 3 16.4520 14.0420 16.9800 11.6180 13.4330 14.4082 12.5897 12.4651
SCHR[10TE Y 173441 147921 13.3284  9.6674 12,1579 11.0703 13.8547 13.0235
W A5 L SCBR[13)E % 18.2135 16.2539 152312 156272 11.1703 14.1836 13.7441 13.6955
CER[111E 8 17.6457 15.076 3 14.1184 12.0447 12.5839 12.1528 14.1166 13.9889
ARCEY: 18.6824 16.8859 17.6903 15.9440 13.8762 14.9202 14.3258 14.1574

patlt

3.3 AIERFEIXTLE

AR SCAE TR R B S 0 6 T W BT SO ®£3 TEEENFHIETHE
[10-13]48 3 57K 044 1 4 2 SE 2438 F7 i), 45 Table 3 Average running time of different algo-
3 3R . NF S T AR AR T B AT A rithms

PR B YO T AR AR AR SR R A B Bk cik[12] 3emk[10] 3Cwk[13] SCrk[11] A 3¢
R7S B A B A
JE 5 S0k [ 11 B vE AR T H S A SCR I AR B B
. e L  OPIEERT/s 11.9956 7.6935 6.3965 4.5931 4.396 5
FE AR B L 15 M b S R WIS AR X T SOk
[11]8& 8,

4 ZERIE

Bt X D (8 98 DX I S A A T AN AL 3 O e X 0 R W A R LA [, AR SCHR Y T — o O I %
55 7 1, il 3k o AR A T A0 U 0 R e e o S AR N T A R A AR SO B R T A T N I
S5 AR A 2 B g A ) SO M R T T S ) S TR L3 B AR A RIS R T R SR TR R R X R T
REARI R, BT 25 55 0 1 5 M b S Ot Y O T 6 R A L PR BE ST, B M R T NG T S v A
TR A 5 DX 38 20 B B2 D 45 R A% A 25 55 T A A0 3 R S LR I 8 ke B RO R A A R
THT B Al B

SE Wk

[1]  TANG H, LI Z, ZHONG R, et al. Sky-preserved image dehazing and enhancement for outdoor scenes[C]//Proceedings of
2021 IEEE 4th International Conference on Electronics Technology (ICET). [S.1.]: IEEE, 2021: 1266-1271.
[2] MEI W, LI X. Single image dehazing using dark channel fusion and haze density weight[C]//Proceedings of IEEE 9th



404 o RE B L Journal of Data Acquisition and Processing Vol. 39, No. 2, 2024

[10]

[11]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

International Conference on Electronics Information and Emergency Communication (ICEIEC). [S.1.]: IEEE, 2019: 579-585.
HE K M, SUNJ, TANG X O. Single image haze removal using dark channel prior[J]. IEEE Transactions on Pattern Analysis
&. Machine Intelligence, 2011, 32(12): 2341-2353.

XA JE BRI, A5 A5 I 52 B SE IR Y R0 I S RS 25 5 SR D] PSS A A4, 2021, 55(10): 199,

GAO Tao, LIU Mengni, CHEN Ting, et al. A farand near scene fusion defogging algorithm based on the priorof dark-light
channel[J]. Journal of Xi’an Jiao Tong University, 2021,55(10): 1-9.

SRR, ™ VR T, A R 20 350 e L8 R A 5 AR B i R 22 55 (7). P2 s R RS 2A T, 2018, 45(4): 99-105.

HU Yan, WANG Keyan, XU Ning, et al. Image dehazing by the segmenting median filter and transmission compensation[J].
Journal of Xidian University, 2018, 45(4): 99-105.

HE K M, SUN J, TANG X O. Single image haze removal using dark channel prior[C]//Proceeding of IEEE Conference on
Computer Vision and Pattern Recognition. Miami, USA : IEEE, 2009: 1956-1963.

PAN Y, CHEN Z, LI X, et al. Single-image dehazing via dark channel prior and adaptive threshold[J]. International Journal of
Image and Graphics, 2021, 21 (4): 2150053.

REN W, LIU S, ZHANG H, et al. Single image dehazing via multi-scale convolutional neural networks[C]//Proceedings of
European Conference on Computer Vision. [S.1.]: [s.n.], 2016: 154-169.

BERMAN D, TREIBITZ T, AVIDAN S. Non-local image dehazing[C]//Proceedings of 2016 IEEE Conference on
Computer Vision and Pattern Recognition (CVPR). [S.1]: IEEE, 2016.

MENG G F, WANG Y, DUAN J Y. Efficient image dehazing with boundary constraint and contextual regularization[C]//
Proceedings of the IEEE International Conference on Computer Vision. [S.1]: IEEE, 2013: 617-624.

T, 22, W SR T AR R Y i N I TR 25 55 Bk [T]. TR E SR, 2020, 52(5): 194-200.

YANG Yan, JIANG Peipei, YUE Hui. Image defogging algorithm for adaptive transmission based on linear transformation[J].
Advanced Engineering Sciences, 2020, 52(5): 194-200.

TS AEIT PG R AT AR 2 RUBEET LAY S I 0 S A8 AT s MR 25 25 Ok [T, R DS, 2019, 12(6): 1311-1320.
HUANG He, LI Xinrui, SONG lJing, et al. A traffic image dehaze method based on adaptive transmittance estimation with
multi-scale window[J]. Chinese Optics, 2019, 12(6): 1311-1320.

E PR TG AR IE I Y R I R 5 2 5 Rk [T T AL AR S L 2021, 57(13): 207-211.

WANG Shuo, CHEN Jinyu. Dark channel prior defogging algorithm for adaptive correction transmittance[J]. Computer Engi-
neering and Applications, 2021, 57(13): 207-211.

NARASIMHAN S G, NAYAR S K. Contrast restoration of weather degraded images[J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2003, 25(6): 713-724.

WANG Shigi, YANG Tingping, SUN Wenxue, et al. Adaptive bright and dark channel combined with defogging algorithm
based on depth of field[J]. Journal of Sensors, 2022, 2022: 53330876.

SUN Wei, WANG Hao, SUN Changhao, et al. Fast single image haze removal via local atmospheric light veil estimation[J].
Computers &. Electrical Engineering, 2015, 46(C): 371-383.

XIE B, YANG J, SHEN J, et al. Image defogging method combining light field depth estimation and dark channel[C]//
Proceedings of 2021 TEEE International Conference on Consumer Electronics and Computer Engineering (ICCECE). [S.1.]:
IEEE, 2021: 745-749.

NI MRS R R, A AP AR SRR Y i I R 05 55 Bk [T, 1 ol T AR R A A 4, 2022, 49(1):208-215.
SUN lJingrong, XIE Linchang, DU Mengxin, et al. An adaptive transmittance dehazing algorithm based on non-linear trans-
formed[J]. Journal of Xidian University, 2022, 49(1): 208-215.

BO L, WANG S, JIN Z, et al. Single image haze removal using content-adaptive dark channel and post enhancement[J]. IET
Computer Vision, 2014, 8(2): 131-140.

ZHANG L B, WANG S, WANG X H. Single image dehazing based on bright channel prior model and saliency analysis



3’]‘7%9% %;

A

LRGBS RN AEN EREE ELT X 405

strategy[J]. IET Image Processing, 2021, 15(5): 1023-1031.

[21] ZHOU Shuyi, LIU Xiaoyan, DUAN Jiaxu, et al. A novel model-based defogging method for particle images with different fog
distributions[J]. IEEE Transactions of Instrumentation and Measurement, 2022, 71: 5008719.

(22] ZRWefd . FMRBTRPPANY 5 G R EORUFFE (D] M At B st BE TR %%, 2008.
LI Xiaojing. Image quality evaluation and image enhancement technology[D]. Nanjing: Nanjing University of Science and Tech-
nology, 2008.

[23] WU H, et al. Contrastive learning for compact single image dehazing[C]//Proceedings of IEEE Conference on Computer
Vision and Pattern Recognition. [S.1.]: IEEE, 2021: 10551-10560.

[24] YU X, YU H. Single image dehazing based on the fusion of multi-branch and attention mechanism[CJ//Proceedings of 2022
International Conference on Big Data, Information and Computer Network (BDICN). [S.1.]: [s.n.], 2022: 675-679.

[25] HORE A, ZIOU D. Image quality metrics: PSNR vs. SSIM[C]//Proceedings of 20th International Conference on Pattern
Recognition, ICPR 2010. Istanbul, Turkey: IEEE, 2010.

[26] WANG Wencheng, YUAN Xiaohui. Recent advances in image dehazing[J]. IEEE/CAA Journal of Automatica Sinica, 2017, 4
(3): 410-436.

fEERE T

FE#HL(1998-), J , i+ i
g8 A, WE 5 O s B AR b
B

B (1975) , &, # %,
W 5T T 1)« A B R A5 AL
P50 AF SR 5 1F
B b FE, E-mail: jrsun@xid-

ian.edu.cne

R (1988-) BIEIEH,
J W YR BIF ST 5 18
B REHL 2% AP H A B
i N SE AL, E-mail:shb-
song_skd@sdust.edu.cn,

BREEE (1997-), J , B 1 BF
FLA L WS Ty I . PR Ak
LA

BER(1981-), &, T-R2 I, i
FEIT ) B4 RSS2 K
i,

(%% £#)



