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Image restoration algorithm based on compensated transmission
and adaptive haze concentration coefficient
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Abstract: Aiming at the drawbacks of traditional dark channel prior, which was prone to distortion and Halo effects in
the bright areas, a haze image restoration algorithm based on compensated transmission and adaptive haze concentration
coefficient was proposed. First of all, a Gaussian function was used to fit the attenuation relationship between the haze
and haze-free image, and the compensation transmission was set to correct the initial transmission. Then the characteris-
tics of haze was analyzed, the concept of brightness entropy was introduced and the bright channel operation was per-
formed to acquire entropy value with pixel by pixel. Combined with the Gaussian pyramid to extract texture features, the
haze distribution map was obtained. An adaptive transformation was established to seek the haze concentration coeffi-
cient and get the accurate transmission. Finally, the recovery results were restored by improved atmospheric light value
and atmospheric scattering model. Experimental results show that the recovered image has better color and detail, the de-
gree of dehazing is thorough, the brightness is appropriate, and the effect is clear and natural.
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1 2= PRI, A A 2 0 R L I TR R R,
2 TR O RAE S A SRR N A . PRIk, X Ab
5 FEH MAER VR, s R “’%ﬁ?ﬂﬁ’]@]@ﬁfﬁ{ﬁHW%&IE%D’ET%E
FEAE RN TR T, X AN REERSIERIR ZHE

s HEA: 2019-09-24; fEEBH: 2019-12-02

HEUIH: MEARPFREETIIIH (No.61561030) ; Hil A WM EUT HEARMNY S e &5 BIH (No.214138) ; )1
AL KA B I H - (No.160012)

Foundation Items: The National Natural Science Foundation of China (No0.61561030), Fundamental Research Funds for the Gansu
Provincial Finance Department (No.214138), Research Fund of Teaching Reform Project of Lanzhou Jiaotong University
(No.160012)



o513 Wes . I T AMEIB IR AN 19 18 N 3 R AR R UG S I <67 -

N E AL R N NTTI= S Bt b i = 1R
RGO RS R 0 R W RN, 25 R R Ik R
B EAER , DA 2 5 Ab B2 TF SN LA 58 A
B AL [F) Gy (o BB e 55 S0k A B0
TRGIg R, AR By Kb EA Retinex
B (BRI R R A 3 T S A
R, HBAHMEIES R, 152 A B
WK — M.

ek, TEBEIRKINERR T LMk
J&&, I S g I AR, R S B e,
Il A KB R A5 1 5 (0 B2 5 R . Tan®!
ME BT o BRI L = T = 5, e
BT LR, R B ml KRS (MRE,
Markov random field) AT, 1% 7 1LREN
B £ E R, (HRR S K. He ST K
HGIHE R, & T ELNREELR, R
TEEHENESHR, HEAE T AT X
S A% . Zhu 25U T B0 S oG A
I BLAS 27 2] U 2545 2] BHR 1) S04 SR 3L
MIE 5 58 e 2 B (0 96 3R ARAEAE 25 55 A 1Y i)
. Meng 210 it 0 S 240 ok K PR IS S R 10
B, Al IE A g AT A, HR R Rg /A
% .

Bk, WP R TR 2 3 TR R 2 1)
S . Cai I TF 1 Tl 3 3 o i 1) 4 4%
By, 5 R R A AR T S e Ak R
IR, RIS EAIN L E LR . Ren BRI T
Z RIEGRMAE M 2 RGOS S 5, FELGH
JOBE 1R 0 48 3 AT AR AL o Lin 2P0 7 — R itk
ZEgib, BAELRIRMEEGE R, HkAGHE
WA HARAT VR FE 2 2] R AR SR I w1k, (R
AEAE I In) R A K 1 HL LS (P 8 e, eIk
A 0 #8J  0d A BORTE B (0 A 25 R ST
£, XA T T A MR TV IR AN B RS B B A
FIAEE M 45 H

LTI 2 G 8 2 1) B D VR A oy o R A
Bse X s R B, HAEREE G RN XX 2
AR, ARSCREAMEIZE S 2 IR v e HOdEA T
WG, SRR E PORSHEE S 2. @t 4B EHE
M5 RFE, RS RER S, X 25 B Sk Bl TE
BAE BB RSB ERER, T 878
PG B SRR, SRER A2 A . @iar
— b B3 NG R SRS IR L R, (R et SR

KRAVCHIRIBOT %, 858 KB 2152 )5 45
Ko SLIEIRERY], AOTRETURA LS
R

db &2
2 B=

2.1 KSEEHER
FEVHEH U B T, T LUK Ao
AR s B, e S KEMGH AT LLEE . B
OB R EE R SR, sy
I(x)=J(x)t(x)+ A1 —t(x)) (1)
Hp, 1) WEZEE; J(x) WEZEEE; A N4
JRRAOG: t(x) B F, H O B %0 RS
LI AR B4 IR e 0, 8Bk OK % 3% fig ) B0
J()t(x) A EAEZERIN, LR NFHG& L <
I TBORLFHO 5 (R S s AL —#(x)) 2 BRI,
FRTERAG ISR T IR BB G, SR HY
oy RAHUR GE T S 6. 43 A okl 1
IATEIEIN,  t(x) TR A
((x)=e " (2)
b, d(x) HERE R, BUERG IR B g w4 2
IR ES s B AR R, R A AR K
DG RE ST . R 25, ME—) A
HI(x), BP@ )RR R T (x) 2 — s
)8, N TEASAT o RIE, SREUGES R ¢(x) F
KAOGME A A EIE O .
22 REBELXEHAE
He ZUR U (10 18530 38 S0 6 A5 25 5 AT I AS T
SR IR, BT 0K A G BRI G4
H—IRIEZ EUE, BRERA 8 mre X, B
A {r, g,b) BEEEHET 0. HEEN
R =W
J**(x) = min ( nﬁn)(]c(y)D-—>O 3)

ye(x) ce{r.g,b
Hrh, o RoRBUAIEIE, Q(x) faLMRE x AOm
AW, T o) B IEEAE . 455 )X 3)
P M UEBE, T LA BIRIURIE N 1, (x) A

W?”:m@ﬁjwh44@) ()
Mm:pwﬁﬂﬂ (5)

b, oW TREDEZA, UaZAERR
MRIE R R H R, EHE 0=095. FIH]



.+ 68+ m s ¥ Ha41 %
KEMFRNPNE R LR, IR AR E . B 1(x) A

Kk, He RAHEKESEIIXHEN RAATIAL, B
SERA TG, (RIS (R S A M iy S P AR
PRI PR, 1580 T B R .

IR TE SC A T TR, DA TR 5 L)
i KRR BOCHSHOE N F 1(x) , HRAAELULT 2
A i)

1) R DIGE S Al vhisk /N o s JE 3 3 2 M Fe
HHANIE TR A e X el DR 7RI LUK I,
GIEIE AT 0, s T —AMNERMIE,
AR B BRIE S R K. H TR G A
JAIESTR, FEORA XIS S A TN

2) 75 HBGEAN o ST TR IE (1 D R
h PR S /MBI, AFREAE T 25 SR FH B /IMEL D
Wi UE Bk, RERSEI AR, Lk
AR TRTIE S O, BT A DG RN

DA 1 A1, W% He Sk AL BESS T L k&
L, AEWE T2 DL R TS R A3 R A8 FAL #R A7 7 B
WG, BRI RE Y T H AR A X
HREMG, WOFEE, A SCHIEE I s T
AR, AR T RO SR .

() AIEELR

(b) He Hykiah )
BT RN J R R I

(a) JRH

3 WMEEHERKRBENERERY

31 #MEEHER

HIZE 2 T AR, R 3 I S 46 2 3 R
SR ST XIS R N . YRR HES, S
AMEBS Z BT E . (@) REERL L, ANGS
ErHEIEIE R, AT

tuyﬂ—wﬂtulrﬂt“%@) (6)
g5 RG)ER
1) = 1,0+ L ) )

A
R RLACIL, A P30 0 SR E PR 3 236 1, (o)

ﬁwm@*ﬁ%ﬁh'&ﬂﬂ=Jm

;”,ﬂ%ﬁé%

1(x) =1,(x) + y(x)1(x) (®)

Forr, g (x) IAIRGER R, y(o)n(x) HAMEERTE .

WS, 192142 RE N 2 «(x) I REHEE S

K, AT T A R AR IE R 1 () R ISR

7 RGB {2, 4. I(x) J(x)X 3 i

S i LR AR Vs g™, B8 1 () R (x) 22 )4

TEHMEROCHR,  H KA & W s SO A R 1) 50 A

PR DA R S oot T, AR SC LSRG 19 (x) B
JE(x) Z KRN

2

J™(x)=e ©))

Hrh, o IbriEZE, BUE 0.15. 33 y(x) 5, FIH
A (10) AT 15 214 Jap RS HEIZE SN 2 1() Ay

Zy (x)

1(x) —_— (10)

SEEGT LR 2 . B 2(a) 8 RS A RS

DX 35k 11 257 BT o 1) P IS0 0 0 6 15 81 P 32 A 61 R A

WA, WK 20)TR. TSI AR SR EAME 5

KRB ARGV E, WE 2d)FTR. R s

. 5 He BIEMLL, ASCHEEA R XS AL

SO, Wikl 2(007s .

(b) XTI =R

(e) He HIkH (DAL R

K2 BHFRE

(d) EJREHR

32 ESHHE

AT EGH, Z o0 A S P vl A B4
B, JLABRHIE e A R . A SO S S ARl
PRAR AL AR BRRELFRRE, G EOL R, TREL
FREE R, AT TR AL R, fE
TR TR ALFR B (RS (5 B . Ak, A DU
B BEIRE BRI s SURFAE, RERROR, 25/
DURIBENLE G GRALFERD o« BHACPEN, Bk
HAT WU ERAE, SRR B (2 idig ] 177" (x)
oK I ORI PG ) e oy AT Bk



%1

Wes . I T AMEIB IR AN 19 18 N 3 R AR R UG S I

© 69 o

I (x) = max ( max (7 N6 (11)

R R 4 SR BT R(1 2) R EISE A £ L e
e(i. ) = —2 2 178 G, )log(1™™ (i, )+ 4 (12)
o (13)

BT RO E A, etomtsol, Sk
1 B ESETRHGAH 0, Kt A M7ER &kt
B EZ N, BA=0.01, mAln LREGIKKM
B, e(i, ) WG FZWEARE. hTHE21)
GRS RE AR S LUk, MORH 51 UE B 3 AT g
IFALEE,  guide NG| FUEIARIE .

PRl ) BE R A R TSV A AR H 5 S A A
oL, TRCA A R I SORRFE d o AR SCRAAE
R % T F i A R AR A P 1 e 4 B U ke o)
B NIRTEASFDU S RS R BRI FE AL .

Bkl SUPRREIREL

WA AZEEEI(x)

M K FCRFEI S AR N SLRRIE e

Stepl 4 oA B IEAT Ry TR, 7 11K /)N
HJ15%15 .

Step2 XM 1 EHG AT R RAE, ST 4670
%E@Rﬁm%o

Step3 X N RAE 5 I UG Ak 2L AT = DR

Stepd X HUR i 1B G 4REE T RAE, R4
%E@Rﬁ%%o

e = guide(e)

Steps H%i¢%ﬁﬁ@%ﬁﬁi%ﬁ,ﬁ

EL)EVES NG
4 SV AR A SR R R S, AU (14) T 7
BB (1 %30 K DisH 4

DisH = guide(%(e + d)j (14)

N T TG I UE AR SCHE IS o A 5 VE I A Rk
PE, S ERGE SR W B SR A F EUR, TS
AEEEUERAE, 5oy 3 FIE 4 Fios. aTRLk
B, s T R BT B A e S, )
ToisrAn, H DisH 7040 EZE P TE Se s seil oy,
AR ICIEARI H 23 Ak v, 8] 3(b) & 3(e)
B, S REARRR R A, AR 0T AR 2 1)
M EAFEGT, s aEmEg, H5
B AT BRSO, W 40) K 4(e)fTn. A
TR Xk, S8 DisH WIS A N )
2, HW RIS T ZA 040, WiEl 7
L AT
33 BHENERERY

He 5524 T i S AY) iC 25 B 250 5 30U I 5 1
AER, BT o BUYEE 0.95, (HZEH XA
B, Bk E S iE s ke AR, #5r4
RKIs H oo WAEAE RN, WA BRI L5550
—EDL N, o FHEIEE N [0.8,1] « ASCAEAFF]
%350 A DisH 5 b, g Rt R KA
ENSRE @ o FERBUERERE R e I RE T, KA
KH TN B 3 BUR =R, A% A
DisH M4 Z #AR K. 4 m 3R7x DisH [f15/MH,
M REKAH, mean NIHH, FEAT

o =min(m + (1 + mean)M,0.98)

(15)

— R !
''''' x S
IRl 'rg
| E A Ry
100@%@150 el BN B B W
(b) A (R T) (c) Dish (FE{% 1)
— RE#E ! :
- Giif ,
------- B8
30 '1(30 ;;(; —2(')0 250

BRIE
(BB (BRI

() Dish[& (B4 1)

K3 JEs5 s MG DisH KO R BT B A



+70 . mofE %

EIie o041 %

30 100

BRAA
(b) BT (B T)

150 200 250

30 100

() FEEBKRD

BRI
() 7B (BRI

(O Dish (E& )

Kl 4 155 EI% DisH Joxt R ey & 5 A

Phm HATUEAFE, 1+ mean ARPRXT M S THE
e, [P IE o di , HCR KA 0.98 HEAT 4,
M s s, Hdis j RN AR
FH, PALA 1

7 A
0.98

»

0O m M o8 i
K5 2kt

TR GO N M Aimean [FME-— 2 KT %,
BRI ZAE I T 0 BOK, BEMAFRIENIER %, A2
ZERERE AN . AN i, S EOL B aT 1S 2/
M, BRMIEN TR B EA S BRI, 4t
FREF I SRR o J3 B HUAS [F) 25 BE (1) UG dEA T
X, S8R 6 . fEE 6, SdASCHIE
MNACPES ) 0 BUE A 0.92, /NT5EMH 0.95, WA R
RE, KRHEMEMN He SEER 0w/, 8T
WCEURIL, Wil 6(0) THERT7IS,  MIASSCR K RIS %
AU AR T IR R AR 6(d) R, AL HIERN
AEFRSE IR 0 BB R 0.97, KT5EAH 0.95, FHAT/INMA
FEGE, RS, WiE 6, 1M He
HEN AN IS, Wil 6(e) JTHEDT/R.
3.4 KSNE

255 ) — AN RS Hu o K OGE 4

AFIER R TR T LS, R B RS 2 i
IEERETANT, R Z R IRE R A5G- He S5 R
T E T 0.1% e R 30 N T st B IR 3= A0
KAOGME, AR 00 N B HERS, (H
A RSB I 2B, il 4l Sun 251
P TR OEA T, WRIIBHE RS, ks 4 Al
g R 2. RSB Bk ZEG =
I R AR, SRl T A S PR AT T B P R
SEANYT, PR AR XROLUE BT I AL B, 13 B 2%
ik UM KAOCE RIS BEAR R, g
XSS AR R, SO Sun FVEAIN R it

(b) He BHIRALBEE R () ASCHILAL B R
(E5 1) (B D

() ASCHEAL BEE S

() He JykAbFILE R
CRGELL L (EIf 1) (Eif 1)
6 % RkE AT
Bk 2 SO REL
BN AEEBI(x)
L NG W Y| = |

Stepl K I(x) #4eE) HSV Fia2sim], $H
FE RV (x) o
Step2 X V(x) AT IEAZ IR B, T BR



51 MHESE: BT AMEIE ST HAN & N SR RN G R S <71

[T

Step3 K HIAC XU P& Vi AL BE, 13 3] fe 2%
iR,
G IS IR Sun SERT L& 7 R
AILURIE, AR SCRACAERS 47y s e,
Bl 7(c)is. SRTEIEEE R, Sun BIVEAM ST
Ghb W S5D AR RN, Wi 7(d)
PiRe AR BAREM, P, S TR
LF ISR SUR

AT BRSO IIE R R 2 5, 46 KA
O, R Q6 TR G E R . T kR
1(x) > 0 N1 BUR 410 2 R g5 R #ui th,
1(x) AT /ME RS, BoE FIRME 7, =0.01 .

J(x) = -4 +
max(t(x),t,)

(16)

35 HARE

R S Y A O I S
ATIRACARIR, SYHT%CRHIE, 5INSERER(E RIF4S
T HE SR I S AE 4 ) % A A
DisH , (7] 4857 538 I £ A A IR 7 55 7k

(b) Sun 5Lk KA

(b) SERERTI

(e) *MEZEHTH () FHEBGT =

-

() ASCFER T
K7 RO sk

MR 0, RIEGHEHEEN R (x), 45a00tm
KAIAERIUT 5, HATEG R B 8 &R AT
PEEERAD BRI IS5 R (TR, BT
Bl 8(e)fMEIES G HIRAL, A MG, O
RWOKBEY . ATUVEH, LR A T Rg i
B, MRAR.

ARSCEEIPAT R DT R .

A3 AL

WMIN AZFEBI(x)

i ZREBR JI(x)

Stepl A A 15 i J& 4 56 >k BU ) 4 35 4 %
to(x) °

Step2 A Al W 5 vk LA kb 42 0B 5 R
y(ot(x) » HHE(10)FBUREHEE HK £(x)

Step3 K H iR P 1) i 1 P 107 () M A =X
(2B EERE B e

Stepd = i 4 ISR ACHARAE d 5 BLASEE
15 B3 8251501 DisH .

StepS  HRHE T HE LW FOE N L O R B %
RKERS 0.

(c) BUMHFHIL

@ U

(g) R=VLMH (h) HRLR

K8 HEURH



. o

¥ iR

41 %

Step6 I SE A R ot R KOS
tEXC PN ERS

4 SRHH

T B UE PR SR A AR AT, A St
AT T KRB LESEEE . — 5 T FH 28 SRV E R L B
Sese P ERG, R KK 5
—J7 1H1 SR H 7R B A ) A R LA TR 4
PRAEVPA), A OIS 2 R4 SR s
4 Matlab(R2016a), 1517 &%t 8 Windows7.
4.1 EEVITEM

TEE 6 MEAN A B B o i el dil s
AR A EE, 55 He HEY. Meng 5
001 Ren BRI Liu S07EPHEAT 5 J5 45 AR L,
2 MO R T BRI I7E, 5 2 Ml
SRS 2RI Tk T @S AT 1 50 T
WZ, W27 AR OGEAT VAT

K92 dARAFETRNEE. MWE 9L
Bty ARSCIEA BT 22 55 3 A R e R 4F i €]
TSR, WA R EINS, ¥ E T He 532

(al) J5E (E% D

(b2) He 513% (E1 2>

(b1) He ik (E15 3

(a2) 5K (E5 4

(b2) He 5135 (K1 4

s Y AR, 4
& IR | &

(c2) Meng 553 (1% 2)  (d2) Ren ik (K14 2)
Ko amstdlEig

(cl) Meng 53 (% 3)

(c2) Meng 513k (E% 4

Al Meng FVEACH G IR RAFE RV I IS, S
& 9(b)FIEl 9(c)T~s Ren SLIEAI Liu SLi%LF
FHIREE 2 R IAT R R, MBI R, (H2
T8 K H RS E RN G A, 2R HE
FIE GBI, FEULHCR AT E .

Bl 10 2 —dlmir 5o 4l 5 . B 10 1) LA
B, ANSCHE SR AL LRI, X2 A
KH T AMEIE S, i HAEE N A48 He Hikkk
G ORI, 2T o BUN S S BOE Sl
N, MR RREL; Meng SLVER R AWK R BT,
R TR a8 2 o RO GE, 38 2 SR i
10(c)fT7~; Ren %A1 Liu S AR B 5 XL SoF
PEORFFAHRAF, H 2 AFLEB O WA 1) 75

12— dHEARTEXEEEG. NE 11 0]
DU, A SCAL BE S (R R I M YE+F T R AR
PE; He SR BAR L BRI, (R R %
ABAEAE B IR 6 B 3N s Meng S92 155 B %
Bt 2, A E RIS Ren HyEM Liu 5
EAE A BRI R G e AR R S, 3 EUA
BAR I

(F1) A5 (BB D
o100 &5

(el) Liu 53 (B D

(d1) Ren ik (E% D
(it Al

(e2) Liu 59k (B 2)  (f2) ASCHyE (BB 2

(dl)Ren ik (B4 3)  (el) Liu 5y (BHR3) (1) ACHE (BB 3D

(d2) Ren 3% (HZ 4
10 ik SABAEB

(e2) Liu 573k (E1% 4

(f2) A5 (EIg 4



Wes . I T AMEIB IR AN 19 18 N 3 R AR R UG S I

¢ 73 .

(al) J5E (E% 5 (bl) He 5% (F15.5)  (c1) Meng 503 (K155 D

(@2) 5 (K% 6>

(b2) He 535 (B8 6)  (c2) Meng 53k (1% 6)

11

gh Pk, AE AL T, A SCAR BERCR
By AR BA IR W, (H UK A
W I AN AT o DB A A5 At R AT 00 T 46 AL
AR W E A T, PR R AR
AW p CFRREE ¢ BREHR A AR EA

(dl)Ren ik (H1%5) (el Liuik (BB S (f) A&k (HES

(d2) Ren 532 (E1% 6

(€2) Liu 513 (K& 6>

(f2) ASCEEE (BB 6)

burg el A
z logr, (18)
n, Fep
n
0=— 19
Wi 19)

ol st e CHAh s> o Hpp Mr i) Mo, 0 Rl n, 2o R EURAR JE 45 51 1 ) WL i 5,
HHKFOR R R, o/ N . BeEih R R BRI R FZEMRE R L, p
AN KRBIRG R WS, n W SGEED
p=lr"" (17 B WRH FROREHR ISR . WA LR A
"o TEHE 7 2 1 A 2 s
*z1 EZMEER e F0 r BFRATEL
He 5% Meng 1% Ren 5% Liu 0% AL
K%
P r P r P r P r P r
E% 1 8.349 1.714 5377 2.541 17.654 1.523 19.794 1.507 18.581 1.663
E1% 2 13.114 1.769 22514 2.659 9.112 1.493 10.891 1.645 20.812 2.014
K14 3 6.437 1375 12.561 1.114 11.117 1.281 15.594 1.681 16.185 1.579
Ktk 4 25.881 1.709 30.019 1.850 18.647 1.349 30.113 2.593 29.011 2.453
Kt s 3.745 1.416 3.129 1.569 5.641 1.133 5.634 1.363 6.132 1.647
Kk 6 8.231 1715 11.154 1.921 12.858 1.309 13.864 1.609 13.041 2.181
Bl 10.959 1.616 14.125 1.942 12.504 1.348 15.981 1.733 17.293 1.922
*z2 EMEER 0 F0 ¢ FEHRITLE
He 5% Meng 592 Ren ik Liu 5% AICEE
e 0 t 0 t 0 t 0 t 0 t
B 1 0.000 21 2.59 0.003 75 3.14 0 2.54 0 2.46 0.000 01 2.67
Bl 2 0.000 33 2.18 0.000 59 3.18 0.006 99 2.16 0.006 42 2.08 0.000 01 2.15
Bl 3 0 2.14 0.000 03 4.43 0.001 14 2.65 0.001 03 2.75 0 2.41
K% 4 0.000 28 2.57 0.000 04 3.49 0 4.12 0 3.98 0 2.23
Bl 5 0.001 59 2.78 0 4.41 0.011 34 3.79 0.010 14 3.54 0 2.28
K% 6 0.001 13 2.64 0 4.40 0.015 73 4.04 0.011 24 3.76 0.000 16 2.19
B 0.000 59 2.48 0.000 73 3.84 0.005 86 3.21 0.004 81 3.09 0.000 03 2.32




74 m g

EIie o041 %

HTACEER RN LS B G ORER, &I
YRR, WA MRS HE S BOMIR, 15
1] Wl iEs p BEGR T AR AR, H
SEREERERR AR r A T AR MU . A
N EZ ARG, P AT Wil dehs 0 (35 1H
TG o A7 5 PP RVE S T S AR W R bR A A8 AT I ],
A DL A SC IR Ab B BE R . 28 BT, AR
LT AALH
4.2 MIXERIE

B TR E S s R IS BT L, AR S AR
PR B 2 2 AU AT PRI 72, RIOR 5
HEEIEMAT IR, BENLPkE I LR B A
TEE MM, W 12 iR . 2 WIFOFabs R 45
F) #H AL BE - ( SSIM, structural similarity index

(c) #FNKE 3

(a) A1 1 (b) &K 2

|

(hy H%IE 8

(i) A9

() HHE 10

d) &K 4

() FKE 1

measurement) FIUE {5 M Lt (PSNR, peak sig-
nal-to-noise ratio) . JLHT SSIM & 17 & P i P 4%
AHALRE 4845, PSNR 2 HME SRS L, P
IECEARIEV PN T /T

TSR RAUNE 13 Fros. AIE 13 ATLAEH,
ARG AESR (AR (1A 25 ER A B
RIS, BN DUMSE 25751, AR AR R
SORFPE . ARAETE IR i) R Ak 2R 25 SR s HLAT RS VO
o FEPTHETNEREA NS FIgtT, M2ITEs
3 Pon CBUEABIMED .

M 3 AT RUR I, G AR SRR AR B R 28
ERAETEREIRRR BRI AV G T HAR SR, T HL
ARG s (RIS B AT AR K AR R[], 3R
B T AR SCELE I T AT R 25k

(e) TR 5 H G 6 (2) BIKIE 7

k -

O &k 12 (m) & 13

SRV e/ SULINESE oS3

(@) HIEE 1 (b) H5E 2 (c) HJRE 3

(h) HIJ5E 8

(i) REE9 (G HIEHE 10

(d) HIRE 4

(k) EJRE 11

O ZRE 6

(e) 5K 5

(2) HJik 7

) HZEE 12 (m) EJ5E 13

K13 BRRASCH IR R 4R



o513 WAMEAE T T AMEE I F R0 3G N B R S R B MR S R S0 <75
%3 iR T EIR s FR [10] W, Brekl. 2ETOUAMENUEAGERIE S A A G S IR SE(T].
- EYSE 523, 2017, 38(5): 48-56.
St SSIM PSNR SBATHITRs YANG Y, CHEN G K. Single image visibility restoration using optical
He 5% 0.754 16.514 2.44 compensation and pixel-by-pixel transmission estimation[J]. Journal
Meng vk 0.735 16.297 317 on Communications, 2017, 38(5): 48-56.
[11] 68k, L, 5E 2% HeT RS S i g R £ 5 50k ). EA
Ren 57k 0.792 17.664 2.49 22482014, 35(7): 199-207.
Liu & 0.792 17.664 2.66 GUO F, TANG J, CAI Z X. Single image defogging based on fusion
R 0.761 17.671 232 strategy[J]. Journal on Communications, 2014, 35(7): 199-207.

5 Z5ERiE

FEXTOUAT 2 R BB I AL AL B AE IO AN L, R
SCHRHY T Pl T 2B G AN 38 N 55 W R
B RIS, TR IR T S 50 AN T A B e X
R, BOE MBS I e B S 15 2R HEIE
SPRs R AR, SR R S A
e, IF 5 e e T R U SO A 20
BRI, HEL R DGR S MR I 259K
FERH RNt sy 3RO sk BO %, 458
U R R R R RS R . SRS R,
ASCH] DA B R g R (2 At
FAEE AL, WORHAT LE B A PR Rl Xt
R P OREAGE T

Bk

[1] AL-SAMMARAIE M F. Contrast enhancement of roads images with
foggy scenes based on histogram equalization[C]//International Con-
ference on Computer Science & Education(ICCSE). 2015: 95-101.

[2] YAO L, LIN Y, MUHAMMAD S. An improved multi-scale image
enhancement method based on retinex theory[J]. Journal of Medical
Imaging & Health Informatics, 2018, 8(1): 122-126.

[3] TAN R. Visibility in bad weather from a single image[C]/IEEE Confer-
ence on Computer Vision and Pattern Recognition(CVPR). 2008: 1-8.

[4] HE K M, JIAN S, TANG X O. Single image haze removal using dark
channel prior[J]. IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2011, 33(12): 2341-2353.

[5] ZHU Q S, MAI J M, SHAO L. A fast single image haze removal
algorithm using color attenuation prior[J]. IEEE Transactions on Im-
age Processing, 2015, 24(11):3522-3533.

[6] MENG G F, WANG Y, DUAN ] Y, et al. Efficient image dehazing
with boundary constraint and contextual regularization[C]//The IEEE
International Conference on Computer Vision (ICCV). 2013: 617-624.

[71 CAIBL, XU X M, JIAK, et al. DehazeNet: an end-to-end system for
single image haze removal[J]. IEEE Transactions on Image Processing,
2016, 25(11):5187-5198.

[8] REN W Q, LIU S, ZHANG H, et al. Single image dehazing via mul-
ti-scale convolutional neural networks[C]//European Conference on
Computer Vision (ECCV), 2016: 154-169.

[9] LIU R, FAN X, HOU M, et al. Learning aggregated transmission
propagation networks for haze removal and beyond[J]. IEEE Transac-
tions on Neural Networks and Learning Systems, 2019, 30(10):
2973-2986.

[12] HE K M, SUN J, TANG X O. Guided image filtering[J]. IEEE Trans-
actions on Pattern Analysis and Machine Intelligence, 2013, 35(6):
1397-1409.

[13] YUT, RIAZI, PIAO J C, et al. Real-time single image dehazing using
block-to-pixel interpolation and adaptive dark channel prior[J]. IET
Image Processing, 2015, 9(9): 725-734.

[14] LI S T, HAO Q B, KANG X D, et al. Gaussian pyramid based
multiscale feature fusion for hyperspectral image classification[J].
IEEE Journal of Selected Topics in Applied Earth Observations and
Remote Sensing, 2018, 11(9): 3312-3324.

[15] SUN W, WANG H, SUN C, et al. Fast single image haze removal via
local atmospheric light veil estimation[J]. Computers & Electrical En-
gineering, 2015, 46(C): 371-378.

[16] ANCUTI C, ANCUTI C O, VLEESCHOUWER C D. D-HAZY: a
dataset to evaluate quantitatively dehazing algorithms[C]/IEEE Inter-
national Conference on Image Processing(ICIP). 2016: 2226-2230.

[17] HAUTIERE N, TAREL J P, Aubert D, et al. Blind contrast enhance-
ment assessment by gradient ratioing at visible edges[J]. Image Analy-
sis & Stereology, 2011, 27(2): 87-95.

(18] #2L, 4EHE. FeTIFis SHmGmIE A1 S A BG 22 35 50 ).
He T2, 2018, 47(6): 244-250.

YANG H, CUI Y. Image defogging algorithm based on opening dark
channel and improved boundary constraint [J]. Acta Photonica Sinica,
2018, 47(6): 244-250.

[19] #ase, BReahl, JAZS. 257w 0B I s s AL 25 55 5 0.
HBI LR, 2019, 45(4): 819-828.

YANG Y, CHEN G K, ZHOU ]J. Iterative optimization defogging
algorithm using gaussian weight decay[J]. Acta Automatica Sinica,
2019, 45(4): 819-828.

[EZE &)

hik (1972- ) , &, Wk, #l,
2L NAT KA IR . W AE S, Y
D7 B PSRN RS AL, B
EReg LI

FESE (1996 ), 5, HilFEA, =M
IR, F BT W A v R
B BT MR AR P



	07-190531-hs.pdf

