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Fig.6 Comparison of Dehazing Results of Aerial Image

7 g DBy TR A8 R At 3 L O DR 5
R B S T i X, T M ) 2l S X
B 7(b) 2 7(e) 73 B A AR JF L RIESE R . N5k
R KE HOT KBS /e — E B JE LM =
E S ANIER R TE AL SRR INIPIR LS
H nAe B 7 Ca) i) RECE H 43 55 XU (0]
FELVHZE HOTERIER, BARRE R TR&BH
Xof o BE (L ik 2 DI 8 BT Ok M B 6 R A
7 s FVR UL BB IE S5 80 78 70 i) 7 ) i %%

WA AR TZ Ok R T R A,
FHAIE R AR B AR 52 s TDCP ikl R
PR b LR WM, Bl TRA 5D E R
TE U BEIR) 1) 22 S 1 8 45950 20 e O B = %5 5 B
AV, 51 K IE S5 B 52 AR R R A O i L
ARICTTIEH 8 T KA A B Bea] i 22 5 1k B
Xof P 3t X6 AT DL G I BEAEAT 22 S A Ak B AT B G i
ZBRAT WP B = % R A T TDCP ik
R IE Ja 5 A8 A i Y ] L

F7 R TR AR IE 45 R T L
Fig.7 Comparison of Dehazing Results of Quickbird Image

32 EEXLEoH

Ry € VA RS AR AL BAT S B R AR
Ol A SCHIA QIR EE BE N Z% . NIk
BRI R B AR SCU AN BT R R AE s
OGS R AT R, B dE AR, QHE BRI
15 SR B, U W 528 0T it AT, T O % ) T 2

SR/ DU TG i R R 0

it B AR S AR I AR AR
QIEHMEREM ., R1ERTE6S5E 7ME
ARSI AR . gt LR, S
JEU iR 52 B ORE LE R A TR O 125 K IR S R AR B E
AR YARGG . HILBEARTETR R Q



1374 ) G == T

f5 B F 2 | 2019 49 H

5 BORE 20 A9 20 R/ i] L& B, 3t Q 4 #X
1, HOT 48 THi@ B2 8/, 11 FVR % . TDCP
5 AR SCT7 15 32 T iR E ¥ B0, 31X 3 M T ik 1
ARG T RIS W R . AN, T A
SCT7 VA BE FIE N M X AN [R] 9 Be AT R OE , BT A

Q8 H T TDCP ik, B & J5 W T 3 i B (1 5%
%5 1 A B A 4R T AR B B R SO iR R T I
L, FVR LA TDCP Lk 2, HOT ¥ 2 7} i J&
AN o AL AR SO R R AR A R
Ko

il

x1 TEAEZEEEMFITER
Tab.l Quantitative Assessment of Dehazing Results with Different Methods

s i) nEBR HOT # FVR % TDCP % ATy
(OF=§3'¢ 7.7317 7.9826 8.751 4 8.3659 9.086 5
e 15 B 4.454 5 6.576 6 6.542 6 6.757 1 7.025 6
Q%L 29.164 1 38.910 6 43.1714 42.484 6 44.489 3
7 15 B 6.783 3 6.899 8 7.518 6 7.464 3 7.668 8

HE— 204, P A SO 0 AR = X i
TREE P R SR AR == DX 0 o6 A L e
P A X (DL BT 8) % b Dt i 56 3% i) 10 5 A W] 7
VAR IE J B D' T I T

K8 UGB Lon K
Fig.8 Schematic Diagram of the Selected Profile

% P B G0 T R AR AR S 45 T 1 Ab B4
FERIZe R OGTE s G O, i 9 s o 3 BT 4
THEE R ATA e se R N CRI T E B, A ]
J7 V5 AL BREE A 34Uk B b A AE — o R B 1
SR UL, HOT A FVR ¥ 35 5 4R 6 1% 458
i, TDCP IR Z A 3007 16 5 I 06 60k 5 o #%
RN ¢ = 5] N U N 1 N g T N E B
N7 A B S W A SR G v e ) A O L B Y R B
BUF MR A T R AT B OGS AR B o 6 LR AR A X
BN Ge it 45 R (R F B ), 4 B 7 B 75 1% IX 88
5 R 615 19 25 5 A BTN B AR T AR T
T2 SRR, AR SO TR B 2 SRR SR 5 R R O 1 43
MR —3

i3

P9 il il w e e
Fig.9 Comparison of Spectral Profiles

Zi LR A SO R R AU T BR AR RS
) T A7 AE 1 2 55 52, ] 3 R A IS A I A
] B b1 = 55 % T3 AR TP AR AR 1) i 52 b )
A8 T LA A 3 00 Ab B A R R A T A B YN
Bl o LA, XF T M A S A R Y X, G I XA
AE PR 7 BAF A 405 SRS B B R 1 5 T AR

f 52 F L FE e B T AR SO TR TN LR
S 6 00 PR 5 T A O

4 % B

AR SO SCHR L1548 Hh A I sl 8 Je e b AT 1



544 5 9 W iy

TAE < B L 7 (1) 45 6 36 22 S 1Y) L T

G HE N =% bRk 1375

5T A4 G = 5 s BB A 0 LRl L, 58 40 i %
T R AR AR R A R b ) O3 AT RRAE L B T — b
Joit K 3 1] I B 22 S 1 B B G R = 5 R BR
Tk SN AR b IR T R R R
B BOTF T 52 B 52 oo 4, I 44 8 35 0 A% O bR
B, BT HbskE T T A% S S TR 68 50 50 X R S b W)
SR ERARY IS . BT LR A 5&1E, 5]
N B i S5 AR Y AR B, B I N b AR O RS
B R AR 1 25 S 8 A0 A, AT X A [ g B 1Y 2 %5
WATA M IE . B 5 HOT % . FVRIEM TD-
CPIEHFAT LA, LI a5 R W] AR X i A
20 Ml 3R T TR S M ) AR GE B RS A3 i B B 5
KIEAR B S, GeA 28 = 20 H R,
B M A2 DS AR T R A {5 S .

AR SO IS T B 0 R S AOCR A
FEAE— BN, B2 00k B [ 38 I ORI 9 32
BARGE G T B 3 B 5 R B SE R 0 ik (B I A 58
A BT ORACHURT HLL , 7 2 38 20 AR 4G T S8 e i AT
BIE . 7245 BYBESE R 5 i = ) BRI i Y
A, LADIAS 21 50 47 i kb B A5 R

Z £ x #

[1] Yang Jingyu, Zhang Yongsheng, Zou Xiaoliang, et
al. Using Dark Channel Prior to Quickly Remove
Haze from a Single Image [J]. Geomatics and Infor-
mation Science of Wuhan University, 2010, 35
(11):1 292-1 295(#7 35 5, sKK/E, ABBE 5, 25
) T A €, 5 50 R 1R S B 2 AR P 55 (.
BB 230 - {5 BB ML, 2010, 35(11) 21 292-
1295)

[2] Tarel J P, Hautiere N. Fast Visibility Restoration
from a Single Color or Gray Level Image[ C]. IEEE
Conference on Computer Vision, Tokyo, Japan,
2009

[3] Wu Wei, Luo Jiancheng, Shen Zhanfeng, et al.
Classified Linear Regression Based Landsat Image
Cloud Removal Method[J]. Geomatics and Informa-
tion Science of Wuhan University, 2013, 38(8) :
983-987 (SR, BRGUK, i B, AF . KA
VA /Y Landsat s 48 % = g5k [T] SR 4R 1R
SRR, 2013, 38(8): 983-987)

[4] Cao Shuang. Research on Cloud Removal Method
of High Resolution Remote Sensing Images [D].
Nanjing: Hohai University, 2006 (& 3 . = ¥ K i%
BoS B R BZITESE [D]. At W E K2, 2006)

[5] Yong D, Guindon B, Cihlar J. Haze Detection and
Removal in High Resolution Satellite Image with
Wavelet Analysis [J]. IEEE Transactions on Geo-

[10]

[11]

[13]

[14]

[15]

science & Remote Sensing, 2002, 40(1):210-217
Narasimhan S G, Nayar S K. Chromatic Framework
for Vision in Bad Weather[ C]. IEEE Conference on
Computer Vision and Pattern Recognition, L.ondon,
UK, 2002

Shen H, Li H, Qian Y, et al. An Effective Thin
Cloud Removal Procedure for Visible Remote Sens-
ing Images [J]. ISPRS Journal of Photogrammetry
& Remote Sensing, 2014, 96(11) :224-235

He X, HuJ, Chen W, et al. Haze Removal Based
on Advanced Haze-Optimized Transformation
(AHOT) for Multispectral Imagery[J]. International
Journal of Remote Sensing, 2010, 31(20) : 5 331-
5348

Zhang Y, Guindon B, Cihlar J. An Image Trans-
form to Characterize and Compensate for Spatial
Variations in Thin Cloud Contamination of Landsat
Images[J]. Remote Sensing of Environment, 2002,
82(2):173-187

Li H, Zhang L., Shen H, et al. A Variational Gra-
dient-Based Fusion Method for Visible and SWIR
Imagery [J].
mote Sensing, 2015, 78(9):947-958

Liang Tianquan, Zhao Qiang, Sun Xiaobin, et al.

Photogrammetric Engineering & Re-

Research on Image Restoration by Polarized Remote
Sensing Through Haze [J]. Geomatics and Informa-
tion Science of Wuhan University, 2014, 39(2) .
244-247( R &, Bk, MRS, . FERE
18R i P i S R S TR P9 (7] R %24 1R
BRI, 2014, 39(2) : 244-247)

Shen Xiaole, Shao Zhenfeng, Yan Beibei. A Novel
Dodging Algorithm for Remote Sensing Images Af-
fected by Thin Clouds [J]. Geomatics and Informa-
tion Science of Wuhan University, 2013, 38 (5) :
543-547 (LN, FRAR UG, TEI DL DL . — Bl = R
T BRSO REET] UK F 545 B
SRR, 2013, 38(5): 543-547)

Chen Fen, Yan Dongmei, Zhao Zhongming. Haze
Detection and Removal in Remote Sensing Images
Based on Undecimated Wavelet Transform [J].
Geomatics and Information Science of Wuhan Uni-
versity, 2007, 32(1) : 71-74 (Bry, E &M, &5
LR T T R N I B R RO AR R T S 2 B
3] BBUR 52 4 - fR BB 2 i, 2007, 32(1)
71-74)

LiuJ, Wang X, Chen M, et al. Thin Cloud Removal
from Single Satellite Images [J].
2014, 22(1): 618-632

He K, Sun J, Tang X. Single Image Haze Removal
Using Dark Channel Prior [J]. IEEE Transactions

Optics Express,



1376 R K¥%W| - F BRI %MW 2019 49 H

on Pattern Analysis & Machine Intelligence, 2011, & Remote Sensing, 2013, 52(9):5 895-5 905
33(12):2 341-2 353 [20] Zhu X, Milanfar P. Automatic Parameter Selection
[16] Dai Shubo, Xu Wei, Pu Yongjie, et al. Remote for Denoising Algorithms Using a No-Reference
Sensing Image Defogging Based on Dark Channel Measure of Image Content[J]. IEEE Transactions
Prior [J]. Acta Optica Sinica, 2017, 37(3) : 341- on Image Processing: A Publication of the IEEE
BATCRATE, T, AN, 4 BT IR G581 1Y Signal Processing Society, 2010, 19 (12) : 3 116-
wEEREZFEIE] s, 2017,37(3) - 3132
341-347) [21] Liu Peng, Wang Rongbin, Pang Wenting, et al.
[17] Long J, Shi Z, Tang W, et al. Single Remote Comparative of Remote Sensing Image Clarity
Sensing Image Dehazing [J]. IEEE Geoscience & Evaluation [J]. Geospatial Information, 2012, 10
Remote Sensing Letters, 2013, 11(1) :59-63 (2):44-46(XVMG , E7M, JECIE 5% . BRGEBRE
[18] Fattal R. Single Image Dehazing[J]. ACM Transac- WBFEE VT kR s (T ], B s (Rl fE B, 2012, 10
tions on Graphics, 2008, 27(3):1-9 (2):44-46)
[19] Makarau A, Richter R, Muller R, et al. Haze De- [22] Fang S, Rajasekera J, Tsao H. Entropy Optimiza-
tection and Removal in Remotely Sensed Multispec- tion and Mathematical Programming [M]. Amster-
tral Imagery [J]. IEEE Transactions on Geoscience dam: Kluwer Academic Publishers, 1997

An Adaptive Haze Removal Method for Single Remotely Sensed Image
Considering the Spatial and Spectral Varieties
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Abstract: Remotely sensed images are often degraded due to the haze interference during the imaging pro-
cess, which greatly reduces their utilization. In order to solve this problem, a spatial-spectral adaptive haze
removal method for single remote sensing image is proposed in this paper. Based on the dark prior theory
and haze image model, and taking into account the spatial and spectral varieties in the remotely sensed
images, our proposed method effectively overcome the difficulties of over-correction on bright terrain and
inadequate correction of haze in some wavebands. A bright object index (BOI) is constructed to extract the
bright objects with the help of the density segmentation method, and an adaptive correction function is then
introduced to refine the misestimated transmittance. Given the influences of atmospheric scattering are
wavelength dependent among visible channels, two empirical accommodation coefficients are applied to de-
rive the transmittance of the different channels, achieving the adaptive adjustment of processing intensity in
different wavebands. Experimental results show that our proposed method can remove the haze completely
and yield visually haze-free images, comparing with the other existing methods.
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