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Image Haze Removal Algorithm Based on Haze Thickness Estimation

JU Ming-Ye' = ZHANG Deng-Yin'  JI Ying-Tian'

Abstract
combines this model with atmosphere scattering model to present an innovative image dehazing algorithm. First, a haze

This paper proposes a haze thickness estimation model based on visual characteristics of haze thickness, and

thickness quantitative map is calculated via the haze thickness estimation model, from which the thickest area is identified
by the fuzzy clustering algorithm and global atmospheric light is estimated. After that, the algorithm carries on clustering
processing towards the non-thickest area in the quantitative map, and estimates the transmission of each cluster unit
according to the optimized transmission evaluation index mentioned in this paper. The haze-free image can be restored
from scattering model with global light, refined transmission map and original hazy image. At last, we propose a multi-
scale sharpening algorithm based on wavelet domain to make up for the defect that the haze-free image is dark-look so
as to improve the visual effect. Several numerical experiments demonstrate that the proposed method outperforms the

mainstream dehazing algorithms in daze removal effect at a much lower implementation cost.
Key words Image daze removal, fuzzy clustering, haze thickness estimation model, guided filter, atmosphere scattering
model
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Fig.1 The limitations of the existing algorithms ((a), (e), (i) Hazy image; (b) Tan; (c) Nishino; (f) Fattal;
(g) He; (j) Tarel; (k) Pang; (d), (h), (1) Proposed)
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Fig.2 Haze thickness estimation ((a) Hazy images; (b) Rough haze thickness quantitative maps;
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Fig.4 Dehazed images by different global light estimation methods

((a) Location schematic diagram; (b) Namer; (c¢) He; (d) Kim; (e) Proposed)
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Fig.5 Satellite image dehazing experiment ((a) Hazy image; (b) Maximum contrast; (c) Index ¥)
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(©) ()

K9 AR B IEIRECR I L ((2), (e) £FEMIEMGS (b), (f) Yan 53k (o), () FKERFIE; (d), (h) ACHIE)
Fig.9 Comparison of enhanced images by different post-processing algorithms ((a), (e) Dehazed images; (b), (f) Yan;
(c), () Zhang; (d), (h) Proposed)

K10 ACEIRERERCR (B AFEEG; B EBGE; T RERCR)
Fig.10 Dehazed images by proposed method (Top: hazy images; Middle: transmission map; Bottom: dehazed images)

UL, X2 o Meng FAUZAE He Sk 1 B
RN A R AR, A AR A R e TR SR
AN IE I AHEETT S, AR SCRIA R FHNE, 6
AR EE U oy, RO R AEA L S0 A M e
BEAh, M 11 (e) A15E5 R VAR, R Zhu S3EA
ARSCAIRZ N, FpR B T RO R A A ARt T

B Jey R, FEAC R 25 DO, sk sl bRy
Bt SR, T AR SO VA o B TP FR AR,
BRGES T % A, AP E R A LT S
WS FER 11 (f) 588G rp, ARSCRYE JLFR BT
IR EIG, M HA R S T A WAL RE B 4 453,
XA — 2D U T AR SO B A AR R 3 B fig



1376

ta) ¥5tA (Dolls.bmp)

(b) T
(b) Remote scenical image (Manhattan.bmp)

(a) Close-range image (Dolls.bmp)

(Manhanan bmp)

(c) WZEHE (Cityscape.bmp)
{¢) Dense hazy image (Cityscape.bmp)

(d) EA (Mountain.bmp)
{d) Thin hazy image (Mountain.bmp)

(&) Re* X315 (Town.bmp)
{¢) Sky region image (Town.bmp)

() mEA (Pizzabmp)
(f) High-quality image (Pizza.bmp)

B 11

6.3 EESD

S FE I, FA18 R A Hautiére 25290 32 1 11
B 0 52 i 5 T WS BE L 7. Wang 250831 $2 1y
SEFIAIIE S DA Jobson 4B iR By ST AL
ZH H VENEERCR I N Fa bR, HAn] DLl
FREE L 7 T AUV G 6T HBEAS S, S5 AH
It S H T B W ek af Halo 250 4 B4 1Y ™
FRREBS G it R iE S8 H R A (0 R (3 B B
— AU, T EGE, YA EE T keE, S (ERK
K, BIHEZRREBEA, H EBAL, BE%RECER

LR

Fig.11 Comprehensive comparison
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Table 1  Image quality evaluation parameters
SEIGNT S Ancuti By Zhu Fyk Tarel 3% Tan .3 He 23 Meng 5k A
PEMHEAR 7 S H 7 S H 7 S H 7 S H 7 S H 7 S H 7 S H
Dolls 1.22 0.73 0.04 2.11 0.81 0.00 2.63 0.66 0.32 3.60 0.28 0.34 2.67 0.65 0.00 2.76 0.68 0.01 2.98 0.72 0.08
Manhattan 1.52 0.80 0.33 1.32 0.82 0.01 1.98 0.60 0.03 3.17 0.73 0.00 1.76 0.84 0.01 2.12 0.78 0.28 1.97 0.81 0.04
Cityscape 1.81 0.73 0.27 2.81 0.70 0.08 4.70 0.38 0.20 6.25 0.29 0.72 4.43 0.52 0.08 3.25 0.64 0.03 4.47 0.62 0.01
Mountain 1.08 0.67 0.01 1.25 0.78 0.02 1.80 0.80 0.01 2.06 0.74 0.05 1.13 0.82 0.00 1.66 0.83 0.17 1.46 0.84 0.01
Town 1.37 0.88 0.14 1.43 0.82 0.05 2.59 0.73 0.14 2.81 0.48 0.32 1.77 0.78 0.01 2.06 0.77 0.67 2.10 0.92 0.03
Pizza 1.54 0.90 0.17 1.07 0.92 0.01 1.71 0.79 0.03 3.00 0.32 0.72 1.30 0.96 0.02 1.37 0.90 0.15 1.18 0.93 0.00
5 : 5 "
W0 M3 " Ancud's 10 —»—Ancuti’s
«—7h's —4—Zhu'’s
—w—Tarel's —w—Tarel’s
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= 10 = 10
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4
10'E
10 . . . 10° . . .
278 x 348 417 x 522 555 x 695 694 x 869 833 x 1043 254 x 205 308 x 410 461 x 615 615x820 768 x 1024
<] g 22 B g
(a) Dolls.bmp (b) Manhattan.bmp
Fl12 T £
Fig.12 The curves of computing speed
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(a) TWERER by B OFS=¢
(a) Hazy images (b) Transmission maps (¢) Dehazed images

B 13 RABIT

Fig.13 Failure case
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