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Abstract: To solve the unnatural restoration of the sky area and imprecise estimation of haze density, a de-
hazing algorithm for sky segmentation and haze density estimation is proposed. First, to improve the preci-
sion of transmission estimation and the quality of image dehazing, the thresholds of gradient and brightness
are used to segment the sky region. Next, an adaptive dark channel prior and quadratic tree subdivision
method are utilized to estimate the atmospheric light. Finally, different transmission estimation methods
are used for the sky and non-sky regions; a bright channel prior is used in the sky region, and a linear haze
density estimation model is proposed in the non-sky region. The final transmission is obtained by combin-
ing the probability distribution of the pixel and edge refinement using guided filter, and the recovered im-
age 1s attained using the atmospheric scattering model. Experimental results show that the dehazed images

perform well in terms of subjective and objective quality evaluation. The proposed dehazing algorithm can

s B 8 :2021-06-03; 1&1T H #5: 2021-06-24.
HEWH : HRARBEE AT H (No. 61705225)



430

B, G5 B R A BRSOk AR T I R 2 55 465

restore a more natural sky and dehaze more thoroughly to improve the clarity of image details. The operat-

ing speed of the proposed algorithm is similar to that of the current algorithms. Furthermore, the proposed

algorithm is more stable compared to traditional algorithms for different hazy scenes.

Key words: image dehazing; sky segmentation; atmosphere light estimation; hazy density estimation;

transmission estimation
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Fig.1 Block diagram of algorithm principle

SCHE M TR O AR A R R s I Y O i O 3RS
GFE I TR T K2 XA R0 4

A SO AR Y R S A3 ) T A RN

R 1B G S 4 Ry K B IS, 9T 38 3 So-
bel 85 F 115 G 0B B 45 2006 B R[5 B,

AR 2% B BE AR B HEAT I Y 0 2 RN 8 D
TR 515 U8 B 1 R B LT Ml 2k M R
rSuR

AR 3R B B R AT B KB SR /ME I —
b, Bt AL 5 A0 B I 0 PR AT (B AL, A
N XEBRERHERNHOCES) , RZH1
(), 5 2645 B R I ) 20 43 1) ) BHR R 25 X 35
B B N = 0.02;

AT A X D PR 3 R I A AL A RS Y
B A~ 3 38 Y 6 X T I D I R X A
BRS8N B AR B B HSV 25 /] v 52
BEV B RN Gt VRGOS Re R B R
B 58 BEAH, A0 SR R T B T 00 £% B, (A 158
T=0.80 i} g 96 7€ Z J5 09 2L B¢ b R 5] i R 28
X35

S AT AL BIMETARMT KB
T SR ORI 3 3 DX 3R] DA SR 1R Y R s XA
— FRCIE O T i 38 DX SR /N o R R AR 5 06 g
AT DATA A S R 25 X

(P NERR - 2 S N D IS

al )RR RIQE ST R T Ros KB, R
2 I 10 B B G K T B N U
B A R B TR 2 KL R 2, A 1R
ZJR T Ras KB, RE L T LA ) B 6 B
FR N
0 (G(x)=N,V<T)
“O=N GeNveT)

Ho G () 427 BRIA — b 5 1R 2 A0 A B,V
Je % SV 25 ] 28 JE V0K /I | T 48 7% 22 12
{5, N 2 75% X6 13 T 1R I 01 1 3075 10
34 2 K B B R/ . R R R 2 4 o 4
T 2 BT L T L H AR SC TR B 7 vk R s A
MR R 7S X B0 15 B R 2Ca) AR 2(b)
o TG A 2 R T 2c) R
T DL S 25 5 4 2 B 3 0 0 T DGR 8 K
25 IR L
3.3 E/RASEWEITEE

A B T 6360 P L RO B9 7 T R
ST 3 1% 2 A/ AT HE T L B 0. 1% 11
BB Z T HEAE N K SORME I . R T, 4
Y9558 T 4 4 (U i R vk AR
(%, 11 RS ) B T A 2 B 5 16 UK SO
AT 7 B i R e b TR £ 5 SR Y R0 e, 2
B4 T3 A B AR LR SO g5 R
P B 20 66 X 3 M i 40 A X 8. Kim %20 ¢



468 e K% TR

030 %

K2 PRz w4 R

Fig.2 Results of sky segmentation.
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Fig. 3 Hazy image and its atmosphere light estimation results
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Fig. 5 Results of haze density estimation and image de-

hazing
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Fig. 6 Results of hazy images transmission and dehazing
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J (Structural Similarity Index Measurement,
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Fig.9 Hazy images and the corresponding ground truth images
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Tab.1 Comparison of the parameters of image quality as-

sessment
ALK Bk e r H
Zhu 3% 1.5835  1.0281  0.02
He 8.1k 3.0778 1.6392  0.02
1 Beman$#k 55671  1.5621 0.04
Cai B 1.2408 1.1672  0.02
AP 41317 1.3631  0.04
Zhu 3% 1.8654  0.7375  0.01
He ®.3% 4.0742  1.2814  0.06
2 Beman® ¥k 41219  1.5621  0.08
Cai 5% 1.0058  1.0493  0.04
AP 48233 1.6813  0.01
Zhu B3k 1.3134  1.6176  0.01
He 51k 1.5093  1.9608  0.01
3 Beman®¥:  5.1928  2.0863  0.05
Cai 3% 48639 1.4482  0.02
AICEY 63285 4.8117  0.01
Zhu B 2% 4.0099 1.1396  0.02
He 8% 44633 1.1206  0.02
4 Beman®¥: 54883  1.5882  0.04
Cai 3% 1.0309  1.0792  0.01
AP 6.8216  1.6517  0.05

BRI . R A A HAE , AT DLk AR
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W P1 ) H(EL B Ry, AR SCOR v 6 R s 0 A A B i
B BE 4, 302 P A T i A A O R 0 A A 1Y A
B EAEA T, & R Tk, & 5 8
PG Jmy 38 0 375 5 Al T AR A — 28 0w 25 L EDLUS
1) TAE R FRATT 25 iF — 20 st b ik o

L6 2 B s BEAT AT, AR SO R
% 1) PSNR {H AL TE 25 — i &1 v 42 38 3K T Ber-
man 535, 5 — FER R B SSIM A B /N T
Berman 5 %, H & B w5 T 53 4 LRV
o XULHAIAR SCRIE R TR a2 E AL
G BRI 45 b I 2 TR S R LR FE T N,
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A DU S5Ah 315 55 sk 1 %5 1 AR B
RERGARSMATAHRENEGR . FIHA
SO e ] LA ARAR K RBOR W L BT
525 EE .
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Tab.2 Comparison of PSNR and SSIM values

GEEALEE Bk PSNR SSIM
Zhu ¥ 7.140 2 0.506 9

He %% 6.318 9 0.504 4

1 Beman %3 8.7117 0.521 9
Cai ik 7.638 1 0.484 9

AR SCHE 8.638 2 0.518 2

Zhu Bk 9.950 3 0.677 2

He #1 11.632 9 0.712 5

2 Beman %% 13.9488 0.771 2
Cai 5k 9.749 6 0.661 1

A SCH 15.142 3 0.754 5

Zhu§5 4k 14.941 4 0.706 5

He 8 1 15.968 6 0.723 8

3 Bemani%k 154559 0.7017
Caif ik 14.674 5 0.698 6

ARk 16.559 7 0.727 1

Zhu ¥k 11.470 1 0.2323

He #12 12.085 8 0.217 2

4 Beman$ii%  10.6816 0.174 3
Cai Bk 11.343 2 0.227 4

AR SCH 12.187 8 0.2354

£3 BEBREZHESTHBELLE

Tab.3 Comparison of running time of image dehazing al-

gorithms

R DNAN (=873 B AT I [
Zhu Btk 5.89s
He 59k 10.15s

1024768 Beman 574 19.46s
CaiJ ik 20.37s
ARk 8.05s
Zhu Btk 2.17s
He 51k 3.71s

600 400 Beman 4% 2 5.49s
Cai 5tk 6.63s
AR SCHE 3.42s
Zhu Btk 2.26s
He & ¥ 3.01s

474 X406 Beman 5. % 3.25s
Cai 5k 4.34s
R 2.72s
Zhu Btk 1.93s
He #.1% 3.39s

580X 435 Beman 51 6.02s
Caigay: 6.19s
AR 2.41s

Ay AR BT A o 3 B AR SR 5 I R0 s A
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B UE S 1 S

AR ST XoF TR 25 55 v A 7 10 O 2 X3 P ik
SR BHCRA TR) L, B T PR R 2 X I B B 07 ik
I 43 ) AT R 28 IXCBURIT AR R 28 I 3 5 % A
Tho BRSSO AG TR BN R B TR, 48 T

LR Z5 U B A TR R g Dl 1 AR AR R s X B
SRR, SERRAE R R W] AR SO A TE R =
DX 3o P G0k 52 38 5R AT, 5 55 IR LA AR BT
RENG AR R XIR L RO R R, KR40
RERCS VIR LU NEIR S -R N8 i = RS
ARSCRAE s 47T B AUR T Zhu 503k (B NP8
KW BN A SR 0 AR A o H
Zhu i & o S350 AR SCRE A T 53 4 = Fh 5
LB ATREN A NG i PR R AR R A
SCREEAR = T EERERILTHER
%o LR LA AR SO I Sk s 7 R R, &
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