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Fig. 1 Flow chart of the proposed dehazing approach
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Fig. 3 Workflow for computing transmittance map
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Fig. 5 Comparison between SSPDCP and DCP algorithms
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Fig. 6 Dehazing performance comparison between multi-scale guided filter and single-scale filters
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Fig. 7 Dehazing results of different algorithms on online dataset
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Fig. 8 Dehazing results of different algorithms on synthesis dataset

R A3 AT AN )R B 114 55 S0 B P RE I S, 4K
PRSI IF 2% Zhang 52 WIWFSE , FE L
PRI 8 TIAS [R) AT DL 2 1) 25 SOBEADUAN [R] vk FE 114 55 K
s, DA i S B ik 25 R LI 9.5 5 F i
Bl 75 5 SR B I3 X (B RE DL & W/)y ) | G 3 3 S
E%A SCHRL 177 AR R Se 50 DA K 2360, 3 s SE 30 25 0k

Z BRI R, g%mr@ﬁm@%&w@
ﬂ% HHXTIF , SSPDCP ik i 2 E IR % %5
AR ATV EPOE AN ,%é%i%%ﬂtt’&i%@,i)ﬁﬁﬁ@
G5B ERT ORI RO R
3.4.3 MXHIEE

& 10 2 7E I s £ 1>k 7R SC SSPDCP 7

N2 LR 25 55 S0 R 0 LU S 45 R L n] R
W 1 3 21 36 25 55 SR AR I R L G B 77 HE O 2
IO Rz DX A [ o B €, SR R ) Dl i 2 B G2
BN SCHR 17 ) 3005 R T 2 PO AR R o Btk 47
AL T —E R, th T2 3 H e iR =
SN, GO 2 W] 00 (EL R A4 75 ) 1 B 5 A A
IR ; HLSY 5 H s 1 0 LR UL R S Sk
SRR 2 55 Tk R TR 2 28 SN IR X
PR R P 1) (A i 2 R I B R e
B0 RH L I3 T8 S B A R R e B Ak T
Tafd (X T2 Ukl = R BRI X, Y5



AR 24 2224 ,2024,16(5) :630-642

Journal of Nanjing University of Information Science & Technology,2024,16(5) :630-642 639

i
';

a. ZHEUR b. % RE c. I lIE SE

g |-

d. SCHR[L7 5092

e ERIRSEY: L BIEEEIER g SSPDCPHIL

B9 AFZEIHEZFTMEESCR R (LB TR ILER A d=100,200,300,500 m)
Fig. 9 Dehazing results of different algorithms on diverse haze densities

(visibility from top to bottom:d =100 m,200 m,300 m,and 500 m)
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Fig. 10 Dehazing results of different algorithms on test dataset
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Table 1  Quantitative metrics comparison between different algorithms
Hdji e Eieka 1% 388 3 S SCHR[ 17580 JE R SE I aRER] st s AL
MSE 0.058 5 0.029 8 0.047 4 0.019 0 0.0115
Do) 2 K4 B2 PSNR 12.754 7 15.683 0 14.281 0 17.285 1 20.097 1
SSIM 0. 664 0 0.864 8 0.848 5 0.913 1 0.923 4
MSE 0.037 3 0.052 0 0.051 2 0.010 8 0.009 6
B PSNR 14.918 8 13.406 9 15.034 3 20. 676 1 20.913 5
SSIM 0.649 1 0.780 0 0.8629 0.927 3 0.9315
MSE 0.038 9 0.018 4 0.031 0 0.010 3 0.011 1
RS €S PSNR 15.268 3 17.789 9 15.343 6 20.303 6 19.959 3
SSIM 0.676 0 0. 896 2 0.820 2 0.909 9 0.9319
*2 AREZEEBITRIEILER
Table 2 Computing performance comparison
A PR RN W e SCHR[17]50k/s AEREET/s BROEESER s A CH B/ s
(1) 600x400 1.61 3.77 30. 49 0. 08 2.43
B 7(H) 600x400 1.67 3.77 32.36 0.11 2.50
E7(TF) 600x450 1.75 4.17 37.76 0. 09 2.71
E8( L) 648x870 3.87 7.29 79.38 0.19 4.10
& 8( 1) 640%1 000 3.79 7.77 72. 41 0.20 4.45
F8(TF) 648x794 3.29 6.79 64.93 0.16 3.84
F10( 1) 600x550 2.37 5.19 42.49 0. 10 3.05
F 10(H) 810x650 3.75 7.12 70. 84 0.17 3.97
E10(F) 410%550 1. 80 3.65 34.45 0.07 2.53




AR 24 2224 ,2024,16(5) :630-642

Journal of Nanjing University of Information Science & Technology,2024,16(5) :630-642

References

(1]

[12]

Thanh L T,Thanh D N H,Hue N M, et al.Single image
dehazing based on adaptive histogram equalization and
linearization of gamma correction[ C]//2019 25th Asia-
Pacific Conference on Communications ( APCC ).
November 6-8,2019,Ho Chi Minh City, Vietnam.IEEE,
2019:36-40

Xu Z Y,Liu X M,Chen X N.Fog removal from video se-
quences using contrast limited adaptive histogram equali-
zation[ C]//2009 International Conference on Computa-
tional Intelligence and Software Engineering. December
11-13,2009, Wuhan , China. IEEE , 2009 ; 1-4

Enesi I, Miho R.A fast algorithm for contrast restoration
degraded [ C 1/72012 Sixth

International Conference on Complex, Intelligent, and

of weather images
Software Intensive Systems. July 4 — 6, 2012, Palermo,
Italy. IEEE,2012:636-641

Zotin A.Fast algorithm of image enhancement based on
multi-scale retinex [ J ]. Procedia Computer Science,
2018,131:6-14

Du Y, Guindon B, Cihlar J.Haze detection and removal in
high resolution satellite image with wavelet analysis[ J].
IEEE Transactions on Geoscience and Remote Sensing,
2002,40(1) :210-217

XA, 777 T e 2 ) 285 0 D )RR 0 L B [ 15 3
5 [J ] AHRHLN S HF,2020,37(3) :220-224

LIU Jiamin, HE Ning. Low contrast image enhancement
based on improved homomorphic filtering[ J ]. Computer
Applications and Software,2020,37(3) :220-224

He K M, Sun J, Tang X O. Single image haze removal
using dark channel prior[ C]//2009 IEEE Conference on
Computer Vision and Pattern Recognition. June 20-25,
2009 ,Miami, FL.IEEE 2009 ; 1956-1963

Berman D, Treibitz T, Avidan S. Non-local
dehazing [ C ]//2016 IEEE Conference on Computer
Vision and Pattern Recognition ( CVPR).June 27-30,
2016,Las Vegas,NV,USA.IEEE,2016.1674-1682

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

moval algorithm using color attenuation prior [ J].IEEE

image

Transactions on Image Processing: a Publication of the
IEEE Signal Processing Society, 2015, 24 ( 11 ).
3522-3533

He K M, Sun J, Tang X O.Guided image filtering[ J].
IEEE Transactions on Pattern Analysis and Machine In-
telligence ,2013,35(6) :1397-1409

FRATHE, B AN KA, 45 1 W5 D5 0, 21 50 1 38 Jk
B 55Tk 1] b4l ,2017,37(3) 0328002

DAI Shubo,XU Wei, PIAO Yongjie,et al. Remote sensing
image defogging based on dark channel prior[J]. Acta
Optica Sinica,2017,37(3) :0328002

A AR, 3R SC5E, AR — i o MR R IR IR R 2
Z5 a7 1] 6241, 2019,39(3) 148-58

[21]

641

TAN Wei, CAO Shixiang, QI Wenwen, et al. A haze
removal method for high-resolution remote sensing images
[J].Acta Optica Sinica,2019,39(3) ;48-58

BRI, % . 75 5P BRI R R D 5 1), W48
27 4%,2022,51(3) :446-456

LIAO Zhanghui, JIANG Chuang.Fast dehaze of high reso-
lution remote sensing images[ J ].Acta Geodaetica et Car-
tographica Sinica,2022,51(3) :446-456

Cai B L,Xu X M, Jia K, et al. DehazeNet: an end-to-end
system for single image haze removal [ J ] .IEEE Transac-
tions on Image Processing:a Publication of the IEEE Sig-
nal Processing Society,2016,25(11) ;5187-5198
McCartney E J. Optics of the atmosphere: scattering by
molecules and particles[ M ].New York: John Wiley and
Sons, 1976 ,23-32

e, Kk SC, Tk e 5 R s o3 R HE G A e Y
FR L5 [] Ot % T2 ,2021,29(2) :400-410
YANG Yan,ZHANG Haowen,ZHANG Jinlong.Single im-
age dehazing combining sky segmentation and
transmission mapping[ J |.Optics and Precision Engineer-
ing,2021,29(2) :400-410

SRR, FHRLZE , 240 05 HE T B AR R IRIAR 43 31 1) I 58
R 55 Mk Ak [T T 4441, 2023, 51 (1)
146-159

JIN Tianhu,TAO Yanyun, LI Zuoyong. An improved dark
channel prior dehazing algorithm based on superpixel im-
age segmentation [ J ]. Acta Electronica Sinica, 2023, 51
(1).:146-159

Geraets W G M, van Daatselaar A N, Verheij ] G C.An
efficient filling algorithm for counting regions [ J ].
Computer Methods and Programs in Biomedicine, 2004,
76(1):1-11

Zhu Y Y, Tang G Y, Zhang X Y, et al. Haze removal
method for natural restoration of images with sky [ J].
Neurocomputing,2018,275:499-510

Achanta R, Shaji A,Smith K, et al.SLIC superpixels com-
pared to state-of-the-art superpixel methods [ J ]. IEEE
Transactions on Pattern Analysis and Machine Intelli-
gence,2012,34(11) ;2274-2282

XL, B 20, SR AE -, A T DX LA T 1 2 1 4%
PR %55 [ ] BT 515 E74,2016,38(2) :381-388
LIU Haibo, YANG Jie, WU Zhengping, et al. Fast single
image dehazing based on interval estimation[ ] ].Journal
of Electronics & Information Technology,2016,38(2) :
381-388

Zhang Y F,Ding L,Sharma G.HazeRD:an outdoor scene
dataset and benchmark for single image dehazing[ C]//
2017 IEEE International Conference on Image Processing
(ICIP).September 17-20,2017, Beijing, China. IEEE ,
2017.3205-3209

Horé A, Ziou D.lmage quality metrics: PSNR vs. SSIM
[C]//2010 20th International Conference on Pattern
Recognition. August 23 - 26, 2010, Istanbul, Turkey.
TEEE,2010:2366-2369



A0, A TR A A DN A AR R R MR 555 07k

642 GAO Rengiang, et al.Single image dehazing based on sky detection and superpixel segmentation.

Single image dehazing based on sky detection and superpixel segmentation

GAO Renqgiang' CHEN Liangxiong' SUN Xiufeng' WANG Huanhuan' GAO Zhen®

1 National Engineering Laboratory of Estuary Hydropower Technology , Guangdong Research Institute of
Water Resources and Hydropower, Guangzhou 510635, China
2 Guangzhou Institute of Geography, Guangdong Academy of Sciences, Guangzhou 510070, China

Abstract To address issues perplexing classic image dehazing methods, including halo effect in edge regions, color
distortion in bright areas like sky,and hue shifts, we propose a novel image dehazing approach based on improved
dark channel prior (SSPDCP ;Dark Channel Prior based on Sky Detection and Super Pixel) .This approach first ap-
plies HSV color transformation to hazy images to extract the brightness component for adaptive-threshold segmenta-
tion.Then it utilizes image connectivity analysis to identify the sky regions,from which the atmospheric light value is
estimated ,and separate transmittance maps of sky and non-sky areas are computed with a luminance model and a
superpixel segmentation-based dark channel prior model , respectively.Subsequently , a superpixel-based fusion model
is proposed to obtain a comprehensive transmittance map , ensuring smooth transition in boundary areas,which is fur-
ther refined by multi-scale guided filtering. Finally , the dehazed image is naturally restored via the atmospheric scat-
tering model and brightness enhancement processing. Experimental results show that the proposed approach identifies
sky regions more continuously and completely ,moreover,by employing superpixels instead of square windows,it ef-
fectively mitigates halo effects in acquiring transmittance maps.The estimation of atmospheric light values and trans-
mittance maps is more objective and accurate. Both subjective qualitative and objective quantitative evaluations
reveal advantages such as low overall error,excellent signal-to-noise ratio, and high structural similarity in dehazed
images.Compared to the state-of-the-art methods,the proposed approach restores skies more naturally , weakens halo
effect in edge regions,and achieves qualitative and quantitative improvements in dehazing performance.

Key words image dehazing;superpixel segmentation;dark channel prior;sky recognition ; atmospheric scattering

model



