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Noise inhibition method during image dehazing process

Ge Guangyi, Wei Zhenzhong
(Key Laboratory of Precision Opto-mechatronics Technology, Ministry of Education, Beihang University, Beijing 100191, China)

Abstract: The scattering of particles (e.g. haze particles and fog droplets) in the atmosphere degrades
images of outdoor scenes and further harms image quality. Image dehazing can significantly gain contrast,
increase scene Vvisibility, correct color shift introduced by the airlight and improve visual -effect.
Nonetheless, image dehazing is prone to noise amplification. Noise of the dehazed image is obvious in
regions with low transmission, especially for distant sky region. A noise inhibition method during image
dehazing was proposed to solve this problem. The hazy image was smoothed by the bilateral filter with
varying radius which was adapted to the transmission map. The new transmission map was calculated
again corresponding to the smoothed hazy image, and then used to estimate the denoised recovery image.
Combining the noise estimation method for single color image, experimental results demonstrate our
method’s performance with noise inhibition.
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Fig.1 Example of noise inhibition during image dehazing
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Fig.2 Relationship between transmission and noise amplification

PRSI B 55 K RO SR B i 2 55 A
% B (d) nT R A i /N X P 2255 m tHBL T

RTINS SN S ) 2 TR SN DRSS
Z5 B e A A ZE AR

B 1 _ESRPIAS 5 WA R LAAR, A4 t(x)
F e P B 9 22 0 (%) X 25 55 TR AR g I P A o T
SO, AR (3) S AN 1 A BE BEAT 0
i, (E R AR B R tO0) A0 3 SR B B, A RESE 4 IRL
AT o TR BEAN R X I 1L i3 t(x) N8 F- 1
WP ARIEZE ()RR, 23 3 2 55 IR I e 7 i ok
AL,

2 EEFREPHEENE

FR A 22 Fi X e A i K R R ke, B IRE S S
PG I 7 1 5 v R ARG DL 3 . (1) PRI 25 KA
BAYMEFEERIEZE 01(X) 5 (2) $Em 1L H 3 t(x);(3) FEAK
18 H e MR 8 75 AR 22 ou(X) o

FELL b 3 gk, i TR R AL R AT R ok
FEAWE N )R, R e R A 5 R G 7 (1)
ik A B R S ORI R L E
J& EUZ RS 1, 5340, iR 8 2 5 LR
TR R B, MR I 5 ) DL SRR 2555 O ik
g A, BARSIEET 456 He 55 NP I @ 18 £ 55
AT ULE R RS A I T R A TR A
W o B2 W T AN T S A DR 2555 5 ik
NS

He 25 ARG 25 K R 09 G0 145 AR T I
T e 2, 6 T — M R 3, 138 T R Jen 9 E
P&/

Jan(X)= min (min (Je(y)) (4)

ce{r,g,b} ye Q(x)
Ao 3 S I A BT ; Q)R E x 1Y
LRI, 1B A B, B T RS X, B R AY Jan
FERHB A X8l i 52 B AR w K, Bl T . RAO6TE A
A T2 38 4 e 5 Jane T 52 BEME ZE 1T 0.1% 1918
F, HMNEREMGXT AR R kB i KGR R
M 2 11
GGG ST AR, X5 R G AR R R AT AR
HFIE L, 5 SR £ Pl 1R
min M))

y e a(x) Ac

®)

A A RAODGIR A BB T A 0 2N
G TE T T8 A A R S DX A A i A A T AR T AT

t(x)=1- wmin

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com



http://www.pdffactory.com

2168 41901539k, T A2

% 43 %

AT S, BRI 0.95, ML AL 4 R I 18 5 52 e Y
WEART AT, K% 5 BN R ek, IR e
T H AT, SCHh R T He 55 NP Y 5 1] U
WITik,

S 1) D 4 A Sy 7 EEAIL ALY 5 o (BIVREL I A%
i R LR )RR 25 1 3 10T 19 P4 1(8 K IR K
JEEIE Vg, i R EALSS TEIR qORS IR 1R .
TEAERER K WY JRHRABIR o T LRIE R B a1 b

1 _
il lipi-u
- 2cov(l,p) _ Ju] =t 1PUPs
var () +e Ui+8
bk:Bk_akik:F)k_akI-Lk (6)

K e B o MR | 1R R ERAR IR o, P P A

2|0l h o TR ZEAEG p G p 1ERIRABER o
H I 5 & MBI IE a it KRR B A R R

WA o, T a F1 b g fas1o 3, & Flb= -t

|| ||

Yo bi, B L AR AT S AR S R a:

qk:£1ka+Bk (7
ERIRAOLIR A FIRS L fa R MR t 25, ]
ISR EFREBR I, B2R T LB
W P A 25 T N 5 R IEMER | BEATROR . % I H]
F REUG R OGS p g sk B B %) K
JE AR, A S kAT (R 25 ] A8 4, A RGB =5
[B] A5 45 4y Lab =3[0, RGB %5 [A] Ay 3 i {53 18 2 1]
WA AR R, QSR XT 3 A (0 38 3 Ry b B P
G O R BRSO AW G A 2 Lab 23 [H] 58 fin
A NIRASE R, E /L o i U & AR X5
JE R a Fl b gy S [F R B A A, T X
Lab =3 [H] i) 3 A4t i OB U8 gl AT RER , X T
JREE UG p St , XU g o SN

qi:_Z Wip;
jew
Xi=Xi|? i—pil?
Wi,:%exp ‘%)exp('lp—}L) (8)

A g A RUA R B R, B m A R p
W wi WERBIMBCEEI TR, Wy RIS, B
1 2 i) o 90 R 8k o 07 R AH AR 3 5 o A 0 53 531
JE R B A [ A SR AR DL B S HG KR — eS8

PIROR X Wi=1,

R INTRON el NN e LR vk A o SI PR £
By RN | K55 ST W RS ROR ™ i DR TR R A T R
Ab B, SR SR S XA R B N R R I B
NGRS IR S TR N SR N
WAt 1E Lab 25l L i A BE I A2 e A .

ru(x)=1/t(x)-1 (9)

WERAG R AN DR PR, W 75 R 3 B
R R AR B T B G 5 SR A R AR U
PRI W P IOR N B 2 15 AR R 5 L i
Ui G 0 N AR AR T 1B DRI AR AR T 0, BN AT
HEATRORIAL 3, DRIE T 2555 Wi J5 1A e A K 14
RAZHN A5 Rl Ry 1 5k el T 0% ez
0 FEUMWIE I AR A e, XU i 2 42 15 AR I B
S EUG A R S8 R /ME Y 1/10,

FECPRH AR, BE a F b 2r A IRk AR
L 43 H ) 3 A%, BXRE G AL BE AT LA A5 2306243 5
RO, T 52 BE o AT SR AR 4 — 2 4l 79 . P Lab %5 [H]
52 RGB 25 [ B, 23 i A0 I I 5 B AR Ak
AN (FR B 43 o T 0T 38 7 A R o 22 Y
PEFE I, Lab 25 [A] 3 A~ 43tk 19 25 (] i Jr A 1 s o 22
V13816 30 HEN] (B 0E P A% 1 b o 22 AR 4 Lab 3
A3t ) BBV PR A, TR0 R A A, L 4 i Y
o=2,1 a fl b /& o=1,

MHPENE G, M Lab 25 [ 25 6 [0] RGB %5 1], 7]
DI BRI 5 25 R RS, SR 5 POk A % 3 3 7 7k
I 1] TR AR R R R, JRRA S R AR
BRI RR Y £ 255 J5 MR, S 2 55 b 78 v g e s
il o SCH R I ] O AT LAMEHRE A LR B R (L) A
TFRAGUE ; (2) G388 Ty 1k A5 1) 8 D T H 39 4% R
BUZ; (3) LMEMI R EUR AR T, X35 R IEG R A2
7 A B R U A TR 5 (4) i JHRIRI IS 25 KA
B FH AL R EUR ; (5) B KA . BOE R
ZREUR . ERITE AL R R AR A S R LR
RSB L5 5 BR .

XF %5 KR BEATEON , BR T AT L B3R RRIR S K
B WP R ifE 2240, 38 AT DA AR A% i 2% AR 11 I
FARRAEZE o 3X 3B DA A ol R e R R A TR Ak
M, i A S RIS A2 0 8 TR 25 R TR O 3 PR %
lgayo 55 R GBI G, H T 030 1 VD0 1) 08 B R
/N AL, AR K ER g 23 TIP3

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com



http://www.pdffactory.com

% 84

Br—%. BB EFERPHRE Tk 769

AR AR SR AL R R BN Y A R R
WA T /N 2 R A 2 2 I IR A s

3 MRAKFIEM

FESE B 2255 5 RS R e IRl S, AR BRI
PR D) o 2 MR R AT VA . SO RS PR X 5 4
FEME RIS A F R ER, m TR TTE R
GARAEAE, LA BE R — i 2 R 3 R FH 1Y) 25 1t
T WL M B A I D7 v, T 2 SR T BRI
M S DA 7 Liu S8 U RS H S0l T
B PG A W R AN, (LR A SR 28 408 T vk A e
P I R o3 E 5 SR HER 45 & SCOh SEPRIG O, B
Achanta %5 A\ HY Y SLIC #8152 45 5007 1256 B g
FURIEAT 281, FRAET X i AR — AN B e
W5

AH L3 A G 1 IR 2 43 B 7 1%, SLIC 431 7 i 1
AR R B, IR X 2 R B R 0 r
BRFEIATHR, MRTE— KT A94R8 FE k17
L1 N/ A R I = NG 1 R D=
(18 Je 35 DX 3R A B Sk AN A 15 AR P 2 (P 30 2%
A0, AR M R O 25 1 S0, VRS AR XY SR
brifE2E o

gi= 1 2 (pi—Uk)2 (10)

n-1 <
K. o B KA XI o ARHEZE ne F o IR E
Bk s p HAFTEO MRS S s ue i o B9 BRI ME
PR ST T 4 S DX o 2 S M o
ST MR K

-~ Z NiXa;
2

FEVHIRUR (0 PR T A TR £ L5000 g 1 B %]
BARALN(L0)RIAL) AT B, S s
AP J5 1T LAMESE A - (1) (1] SLIC MR R 53 %)
TG AT 38 (2) TR XU SR AR
22, (3) THAFREZ T IEAE R B 7K

P 3 1 B T 3 43 0 A B (R 75 KOS A
Trid o B ()0 38 5] m W e A i AR DT T %, g
FAREZE R 0.05, [l (b)2ffH SLIC Jikis 21/t 4

(11)

FEER, By BB Ry 950, R G IR R S Sl 756 %
500, 141 (¢ )2 Xt 731 i 9 4 DX Sl 1 249 B3 € 8 £
IR R AR B (d) A () A0 ] (o) %o i B4 A 52 P 5 4
Wl 2 Ji B2 LR U SR B4 R e xR R, AR 22
P I AR 2 A PR o T 7 52 B 23 0 5 A
W HR S TR SR AN B R I (d) P R AR
KA @I, 2% 1] 9 8 7 s v 22 4 31 0.059
672, B SLH AT A — R M 25

PTG T, b T 0 ) M A T 3 A
iS5 ARR AR E b Ok T 4 R 4P IR, R
WP I AR BT, RFR RT3 1 o B4 R A AR
—E R R, — R UL, fEPRIE RS XS AR 22 /9
BEMAR RGO, AT LI i 3 o3 R
P v e A A RO MR 53 A G S A0 R SR
F g DX I AT A IR, 70 45 2Rt 2 BN

Pl 3 WP PEAN T 1 2 1A

Fig.3 Example of noise estimation
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Fig.6 Noise inhibition comparisons of local areas
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Fig.4 Example of noise inhibition during image dehazing
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Tab.1 Noise estimation of local areas
. Score of image Score of Declmfed
Image index . ) . . proportion
—= s : without denoise denoised image .
’- . =

1 0.023 472 0.012 680 45.98%
2 0.028 972 0.014 697 49.27%
i 3 0.031 302 0.017 900 42.82%
4 0.035 086 0.028 956 17.47%
5 0.043 620 0.035 906 17.68%
6 0.016 637 0.009 395 43.53%
7 0.040 324 0.032973 18.23%
o 8 0.045 758 0.036 729 19.73%
= ) e 9 0.050 987 0.041 333 18.93%
& 5 [EI52K 55 b e v g 7 1 2 4]
10 0.038 965 0.031012 20.41%

Fig.5 Examples of noise inhibition during image dehazing
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