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The Latest Research Progress of Image Dehazing
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Abstract
surveillance applications, image dehazing has been an important researching direction in computer vision. Images acquired

With the development of computer vision system and the increasing demand in military, transportation and

in bad weather, such as haze and fog, are seriously degraded by the scatting of the atmosphere, which makes the image
color gray, reduces the contrast and makes the object features difficult to identify. The bad weather not only leads to
the variation of the visual effect of the image, but also cause the disadvantage of the post processing to the image, as
well as inconvenience of all kinds of instruments which rely on optical imaging, such as satellite remote sensing system,
aerial photo system, outdoor monitoring system and object identification system. That is the reason why the image need
enhancement and restoration for the improvement of the visual effects and convenience of post processing. This paper
sums up two kinds of image dehazing methods, which are the methods based on image enhancement and based on the
physics model. After that, some algorithms and research results are presented, followed by quantitative and qualitative

evaluations of these techniques. Finally, the research progress is summarized and future research directions are suggested.
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(a) The degraded image with its color distribution graph and color histogram
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(b) The clear image with its color distribution graph and color histogram
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Fig.1 Comparison between the degraded image and the clear image using the color distribution graph and

the color histogram
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PR, Tan FH AT W32 R 22 i B4 (R 50F B

Cedges(I) = Z ‘ \Y% Ic(x)‘ (23)

Tan K, BIEGIILEEE Coges(J') B A(z)
(RIHE K, S 1 f5 et ok, 4 719 Al & 5 I Gons Ll
FE St Az) {8, X HT Tan Ak B ERE R
A BUAIR AR D, TR EE A(x) 1ERE R
eI, Bl Tan 480 SR BERBENLY (Markov
random field, MRF) %} A(x) @, 5 H3ARECh

z,YyEN,

(24)
Hh, py MR o AR, n & ADIEHE I 98 A
WZH, N, FAE o BB R S, T 1 Hirp:

$(pa|As) = Cdg;lm)

Hop [ Ronfiir i A EAAZE (22) kAT
(KT 5, m 2R R, FHEBGR T p, BRIORVD,

(25)

0 < @(pa|A,) < 1. M 2 Ti:
‘Am - Ay|
ZLooc

SR G AL ) 7 v R e KA Gibbs 23 A 5L HE 2R
A p({AL}), BIRTR it A {H, JFREFIEL 0 A
t(x), Wi R R J'. %07 ke IR R K
SSRGS . AHJE, Al 7 ot iR
P 5508 LU B 1T I A AE A AR b R SR A S 5 )
2k, BRI B o TR A, ek
TEBAT Ak B S )R R 5 A% I D 3 A H LI X 3k (L
Wb 2 T R TR BR), R PSR FE S8 AR i 5t A
LV IVA
Fattal* RSB B (15) A %0 1
B J(x) i3RI R RS R E L e,
Bl J = ()R FBie 1 At fEJRAOE, L R
eI o RGBS Al B . ARG, 16
RGB 7F[EF 4 R - AHEE T A FPAT T A A4S
SR R Ry, ST 4 VA5 T A RIEE T A #
WAy, JPTAT T A BB Ly, TELT A T4
A Ip, X% n=R4/[|R|| = (R,A)/([|RAll).
FI2, BRI () TTLLR RN
I4(z) —nlp(z)
Al
AT LU H, SRAG ¢(2) HIOCHERZER 7 94, Fattal
ML 853 738 (ICA), kA5
g Collah)
Co(In . h)

ey, SE X h(x) = ([|Al] = Ta)/Irr, Colf,g) Fm
f AT g s 22, AR, ARG, SR
MR ATIRE 2 2 AR M SO R EL, T8 SA &
PEIE, Fattal ££ YUV [0 thoof BHGHEAT AL 2L, 404
RIMPO A LR

0(z) = tan

Q;Z)(szAy) =1-

(26)

t(z)=1- (27)

(28)

L ({IL0)
{,v)

o, I =1 - ALy/||A|| WL LFZABEIE, SR
Jri P e /NI RE 7 5 St

d(@l,ﬁg) = mln{wl — 62’, 2m — ‘01 — 92‘} (30)

e SIS ARCERZHE C.(f, g) KFAL (28)
WP T 22 Is B
Cz(fa g) =

LS (1) - Bu(5)(9(y) — Ealg))ula,y)

r YEQ,

(29)

(31)
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Horp, WE w(z,y) = exp(—d(6(x),0(y))?/o3), H
—HURE W, =3 o, w(z,y), MBUEIEE KR
E.(f) = 5= Yyeq, fWw(z,y). S5 SRR
KBEHL (MRF) BRG4GB 52, A
K E SR A (), FHAEH R THE B (15)
AT R, SR TEFEMG J (). EF LR T
R R S RS B AR HoRE SRk R G R
K. AR, XA TR TR A R I ST R P,
DRI % 7 A0 e VA T KR g, i X AN it
FEPEAE T S5 DX IR AR W Bl X S 22

He 20451 Sl K 0 25 G G RFAE 1 WL 5%,
R T W i 44 I DR L SE 50 H SE SR B, RIFETE 5
BRI AR 2 IR L, 4 EUG 50 2418, 4
AT YA FE B R B A — AN B TE Y S
B+ 0.

J4 () = min ( min Jc(y)> ~0 (32

ce{r,g,b} \ veQ(x)
Horr, Qx) & o AR, J. KR J(x) 1 ¢ HiE,
JAr RV Ay PG P I D (0 R TR JR (5 56 06 B,
HAEHIL T 0. X HRMMBRE . REOYEMAA
M2F S € (VO ) PR BT 3 J ). He Z518 FHIX — 556, $&
EH P50 158 YIRS i € 40 S0 KB S AR A TR s
flivh, RSB (15) AZTE N

min< min Ic(y)> =t(x) min< min ‘]C(y)>+

c yeQ(z) A° c yeQ(z) A

(1 —i(x))
(33)

dieri Rt se s (32), nTRASRHIE R I i

. 1 C(@/))
t(r) =1 —w min min 34
( ) ce{r,g,b} (yGQ(a:) Ac ( )

KL EG AN A X (34) J5, WAREEH TR
IR0 rp RO BB I 25 55 1O, 25 R BLWT i
By, AL, He 55 F K I SEVE XS B S 5 o0 Aii I
BEAT OO, RIVAR RE R4 7 R

(L+ MUt =\t (35)

Jorh, LJ2 — N RR A X Rt v 407 R 7R i
W, RN EUGAR R BT T7, A 228, U ZA
L KNS AR AR B, T NG 3B 1L 00 A1, i
ot U A SR E S R AT AT BAT i
PE, TSR, LU A, A EE S B H AR
M I, DA A AR AN R RS T Al A
S22 ) JL ) SE B RO AR B E R 4T, Gibson 4546
i = B4y 29 M )12 (Principal component analy-
sis, PCA) XJ g R (0SB 50 EAT 70 M, AR T IS I (2

e E AR i LA AT ) ) S
SFF e TR P R A0 AT I SR SR G R A B ) IR T —
AN RGB A3 (A (6 %2 275 0] B AR O PE SR R (R % [l
DUAYE 2% 1) iz RS IR (A 2650 20 %%, A3 Lk RGB
R0 2 IR AF RO AR, WS R L 5e 5 L o Sk
(1) 2 50 75 EERAE A [F) 16 R T B M A R 4, ik
L N A8 T L, %07 3 A R AR I B e
TEAT R B M i A B (143 5, B[] R 225 ) 52 % B T Al
{51, JCIESEI A BEORTR I . T H Y se gt 5 R
Bt dzir H e B s, g s s 56 R 8L, 8k
Bz R JaRiZSCERINES He XAFH 75138
P8 AR P AR BRI A R R i T R (600
B3 x 400 B2 BMGAAEER R 10 #2454 0.1 #2)
PRI, 255 R BEAR AR,
Kratz 2490 S RSO A (15) BT,
S IR p(a) FISPEREAR . d(x) 43 B I
(L2 () — 1) = In(p(z) — 1) — Bd(x)
f(x) =C(z)+ D(x)
C) = n(p(z) ~ 1) 1 D) = @) AL
T 5 RS F IR SR B I AR e X P I

FEEE A, 00T LU B 5 5 B Aok 7 ()
M D(z):

(36)

arg max p(C, D\f) = arg ma;cp(f\C, D)p(C)p(D)
phd phd
(37)

Horpr, p(C) M p(D) FESEY, 73 3% 5 S A
SOYNRBEE RO AR A, Forh ) R MR T
T 55 S 0 (A6 JSE S A T 7 D R € 1R G 1 Ao Y B
YT REE 5. 1T Nishino 25000 vkt —8 5¢
e, BEREAN ) B I BN R 22 R A T S RO R
fRISE 5, ]I R 4 1 = WL 55 i) SR DR T 5
K SRR BREYI S REZA
R AR5 (1R 7 s B R 9k vl 37 5 LA B 2 45 5 (10 07 5%
J314h, Nishino S5 E 755 s K58 A E RO
oL (B ndz s b B I RSN TR I = 58 ) X )
R IAME A T EAT AL

11 2 AP UL T-JABLSCHR [49] 9555, A
SR I B R S 3 SUR AR, a2 KR
RO RS (15) T e ARSE, REx X (15)
BATARTE, & XWMER T = A — T M5 )5 KB
J' = A —J, JFIMAREFE IR AR DU 5, 2K
13 J', B S A5 S )

J = argrrbz}x{P(J’,t\I’)} =

PI'|J' t)P(J'|t)P(t) (38)
PI) }

arg max {
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AR (38), E2 AU L5 BB AE KRR
S DA A B A R 320, RID PG ) A
oxt LG T At ARk, RN SGER R S5,
RS AL T B A 01, T DR J7 A0 ¢ (R
oA P(J') FP(t). MJE SXGE BB 5 ik A%
YHE S AT, K5 P\, t). e ik 2 5k
LA IRLS (Iterative reweighted least square) J7
koK AR (38).

Tarel %5021 {5 5 KA HEHL K 2 (Atmospheric
veil) 7EJa) i _EARA P22, P ] P D8 AU He
A S 0] b g g /N D SR A S A AR Rk
AFAGTE. Tarel 25052 15 Se 0 45 3 G REAT 111 i 45
5, % B gl F e, M KU B (15)
A b (1,1,1), SRS R TES B (15) 15
A

I(z)=J(x)(1-A"'V(2)) +V(x) (39)

Hrp, V(z) = (1 — t(x)A B K AHE bR 2,
Tarel 4% & XEE K HE W(z) = min(I(x)),
WX W) #ATHMHEIE W, HF Al) =
medians,(W(x)), s, A HAEHIEWN &L KD, A
TRk IR G R R R AR T 2 B R, SCHR SO
(W (z) — A(z)| ZEATHEIED, 133 B(z) = A(z) —
mediang,(|W (z) — A(x)]), &5, KAFEHREL:

V(z) = max(min(pB(z), W(z)),0) (40)

Horb, Z280p 200 TIRAEZEURIIMBERCR, 74
KEMREE AR RES. Kili V() ZJa{EnriE
15 (39) [ L EIG J(x). Tarel S M AL fi
T AR, SR, R, IR 2L
FRIAL 2 DR F5 UE P TNE, 10 Jad 8 DX R SR A
AR 2 AR K 28 DI B A B 25 0 7 A Dl RO, T
HEEH S, 28 p M s, Hi ZRAE AR
R BEAT 4, (RAE R CVR S Bl B G A, T
ity BN THEAT IR 4, BRI 1 i S I S B
HATK.

Ancuti %P3 T AT ERBRA M LS
A BB PR ER AR IR B R B 5
1 M N\ G et BB 4o (P A Ak B e s ) PG
552 M EHER JR E R 2 R e B I
JEAF B BB 25k 2 RO AL B DO RO
RN T IR TR R B AR K AT A B,
PR 0 A B Ak AR A v AR B L AT A PRI 0k
TR, IFARESE B I S Ay, iy H2 RUE
AL PEAB ARSI R A N, AR BRI

RS AP KA B ARG, 10 HaEid
HE L5 B R AR B 5, 5
BRARUSR LI — SRR (1), R KU A X

(15) BT, Fid H 5 R - RO SEA TE S,
KA 38 B A T2 A o SR — BRI ) . AR
PZEE R A B R R, AE 2 RS R A 2R R
FEU — s SRS A 28 25 1) JE B (LTS S R AT

He %:451 5 Tarel 202 )7k g 2k, Jott
He %5051 $ (R I05 J5L €0 50 06 2 25 S 2 G 2 2540
) — N EE S, N EHE LS RN R T
— B, EOR B 2 R AR R T IX
PRR B 1 e Bk 78,

Fang 505 8 T W I 0k, 25— TR B 4% %
ZIAE RGB 25 [ 1) 2 25 A 41 A0 RE S 11358 1oL % 43 A
T AN A2 FH 52 2% B v (R AR P B 3 — U AE i
i JE 0 5 30 R RIS 1) 328 e 2R 3 A1 LA BRI 1) 22 5%
B 2 5, CEWIaATHE, RIS itk g —A
e/ RE B R B ) R S IR 25 2 RS R 4 4k B &
ZME Matlin 250560 tHEFxF 5 HEE N T 2 4b
B A% SCHRAE A I SR €0 5 56 25 35 2 Wiy o i FH 2 gt
BN BG AT A B SO 2 Dabov 2557
() BM3D (Block matching 3D) 5k, Xf K {%8k17
IR SEI0 RS B S, h T SRR S, X
P T —ANEARZIANA S0 5 2 MG T A .

Ding #5081 %o 55 Ji €8 50 56 57 v b B K Pl 5
1%, N T SRS I R AR R AR B, A
VY S 53 BT BHARIEAT 23811, %07 20 HE R B
320 U1 b ) R DY 7 3 VAL R4 o 2 A DX U
— MG FE B DX TR B AN T AN BIE, 2
J PR AR AT 1B 1 R A A, 2Rl Zhu
26091 MR He 256491 fd7ik, 7eiz FfgX (34) X
FELWS 328 3ok 2 o3 A EAT AR B A Ak 2 1T, a8 4 oK g
S BB EAT 408, AR5 FEXTREAS 281 (1) UG
AL R B A . XA Sk A I R S 5 L 55
VR R, ARG LN 3 7K I L R 4 B
R 45 T B, BT FRAG S B MG A B FE R AR e

Pei 251000 Sy 7 45 v 65 i €6 50 06 25 25 SV A0 7 )
R B T A A 25 55 A BRI S M v, 4] Rein-
hard 2501 (1 23168 3 % 5509256 28 ) P4 st IR 45 4 A T 73
A3, FEATHE RSN 55 2 Jn, XA Schettini
2E162) ) 25 A UL e D R L E B IE L, XA A
(2 8] G HEAT i AR B, e S0k B BB S I A IR) 25K
BG4l REAE, (8T BN R 48 1) ) B AL 2.

Yu 450630 JZE Tarel 2502 [3Emt b 6 KSR
WA B T V () (BISR (40) i W (), i
Yo 55 2 5 WXL I R BRIV, WO F R SRR Ty
), FRULPER O AT Ak, 15240405 1R
FeHlm EL, AR5, (Tt ot (39) BEAT i, Sk R
K% J(x). Xiao 208 MIHE— L AE Yu 25063 DL K
Tomasi %5 [IRUAIER FLvE0Y [F3Eht b 455 BE
XU e 6067 A 5 | I U2 g e K A A ey o
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HIEPAT B ID BN R o0 A0, ) T R ik %
TRFE. [N, AN A R 28 thIE R T O(N) (N
NEGREZEEH), BA T e RS

Shen %681 WIYE He 45 MA00EA 1, 45403 5
FEE LU AR, SEX RN G S AT IS st (e 6 2 2
RIS 1025 55 K, SR JE DA D0 S g il v, A I
3 i T 1R 5 32, Al VT e DU AR V0B T 4 BLR 25 55 €]
B ZHA AR, EERCORIT, RERAr
KA SRR 22 DO 25 e A B (RX— A i 2
— R A3 ST A R, RO H T ZEAE R
V0 I ] I 3545 4™ RE DR AU 19 T 1 5 T 8 1D X
WX — L EEIEA R T A 1 5l EHR, X3k
KV 50 1 A Sl o6 th AT Ry 2 ) 0K, 3™ HE L))
PR 73X £ A Scbe v .

3 EFREMALERURITN

AR 35 Foft HAT AR 10 25 25 SR AT A0
PR PG i (0 PO 5 92 m] A3 D T2 0P ik
KoY Sl R SO R | IR P S-S i BURI IR WN
SR BB S, xR 0 SR A HH 320 DA A 2
B, TR K PR 5 v 2 th 2 AN 5O B R
BEAT 2R RIS, X BB VR, B ik
FE I PO S, AU e T BOUE A R R Ak
BRIV

5 AR B R AL BT PFIN AR B, BB R F
IRIVFIAT SRR AR RS DL, RE RGO
Al RS BAE S %, LREx L BIGA
SR L 2 i R B A T X L. R, w5
N B3 H I R 25 SR I PN 3 22 T 0y
%, LR A 25 5 SR I B BOR V2 £ 22 A
(NPl po iR o UL AR TN AP B & ]
G IR AR R S AR 5
SR ER, UL LA AN R ) 2 7 AR AT
P

3.1 BIEMTTE

FAT, xR ER L5505, IFRE g1
e ML VEI AR V. TN D330 A3 A P T A ]
PRI DR S BV I 7 VE T T B 2 55 .t
WA {51 L (Peak signal to noise ratio, PSNR),
LLK& VCM (Visual contrast measure)® — F-J-il]
i BRI SR o B EE, UQIT (Universal quality in-
dex)17) FEE AL SSIMIT =721 — | H] 45 M f
SR RF A N IR AL 28 e P () AR AL S 1R 2
MLVEAFRE.

TaAh, BT LA L PR 3 A ak T B AR 5 T
W7k A, WA GO B L S Sk, 2
TEERE R SR T . A SO 2R AL

A

SCHR [52, 73— 74] IR T AT AL L ().
AT AT S (7), LA ML S8 5 5% 1 65
BEEMTA I (o) K= AT

n, — Ng
= 41
—— (a1)
1
T = exp < Z log ri) (42)
T Pev,
= (43)

dim, x dim,

o, ng A 2393 D B BELBORN 25 25 PR K R] LT
HH, v, WEFEEGAILILES, P, 2] Wik LK
BF R, & P A Sobel B B2 5 I EHG AR IEAL 1)
Sobel £ HIEUAE, n, W WAIE G B OE R K
HH, dim, M dim, WS EBETE 5.

A RIS D) MO L FBE 1 s € R 0 JE A A
J3 TRV 25 2 A RS R R . R RS S T
BRI 7 MG 5 N 2 A I 2 A TS, it i AT 3 A
WREE Toaia RRAEILGRT L RE, 1A% Jit Pl 45 2
F KB 2 18 I E T AR R B deoreer RARAL BRI
MR AR R R

Iao
L, — -hale

Lin (44)
Horh, Ly AR BB AT IR RS — SORRER A (1) diA
J&, H Canny 570 UG 70 i (v) SHATIASGAS IS
B ()3 S G KA A H (RS 405 9B T Tharo N
255 U IO R RN 3 B (AL THE, Komh

Thalo = Z ( Z Ibright(y)) (45)

z€P  yeQ(x)

b, Qo) MR E A o OARER, SCrhBUZARIR L K
y‘] 77 Ibright %f%ﬁr@l%i%%@jﬁ, ?%ﬂ??'ﬂ

Ivalid =

max  I.(y) (46)

ce{R,G,B} >

Horp, I (y) R BRI 3 ADMEUEIEIE.

SRR A, AR ST PY AN AN AT ) S BE XT84 5
SRR 45 R BEAT 2 I 7

BB R REAME R, O R E BN &
ZJaER, P ZRfE R E B ER, XML
i I 4Ebr & MSE. PSNR DA AR ELEE. i B
SRR L EG S REGRZE SR, i %5 K
BAFAE— EREE IR

S AN BE R R AL A B, i R R
ANAL B )5 B 2 TR (K S AR UL, 2 A 58 A P I i

yeQ(z)

Dovignt () = max (
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P UQL A1 SSIM. X AN & M A2 A a7 T R 1) 5%
FEFINT LERE, W T BUG S 4 4 R R AR ABL

S AN R A i A S, R R kT
LU 5 i B OM L 38 o R R . 2% A L 1) g
J& VCM. e 7\ o DL RN 505, Hrh VCM &
TSGR R bR e 22, o JU) e 3 kA ) o A
R A5 3R A R B SR Al ok LU, LAt LT 4K
i 0 2= T T A DU R T A5 R A S 1 A e K
R LR AR, R LA R H gt 2
B v B Jr 30t L B8, A AR AL T 55 A IR 5 )
REE 5 25 5 W U SN E R GE BT R, T X A
Fr1 BE e g T SE A R 6 5 B, AR e B R B
JERIRET).

S5 DUAN FA B R A 2 B VR R R I R
PR Uy TR RE . %A R A B R AR
FUARABLRE , XA 4 b k157 J PR 45 N 2 25 B 45 11
R. G. B ifis B 7 B R AH DG ROk i 4 315 B
(R

32 EEFEZFMALGR

K6 R 7 s T & MBI 26 55 b 3 4
UL R EG A 2% B R G B aliE 1) 7 #
(EEY, atfk R EIE, stk G i, %
EARE B IE), o, K6 (a) K7 (a) ALEIF.
MAEBIAT oyl SR MG . A ey B B 34 1l Ak 3 &%
R 2 RJE Retinex FLAIRE R, R RIE 2 R
i Retinex Sk F 45 | Tan S H05E 18] kb3 45
B, Fattal SR 50044 AbPELh 5L He 25 595149
REFRLE R | Tarel 251957035052 4B 4h B | Nishino 45
[RELVEPOT kbR gE S M 6 (b) A 7 (b) 451k 1K
6 (a) A 7 (a) FHNALE IR R Ry G B i
T H 7 K.

81 AR TR WE 6 (a) A L, BB
/A 835 183 x 55T %, %A B Gt — iR
K R R, HR AU i[RI T 235 40
W Z5 oy, AR A3 T % R T A IR B 3 B R AR
(P4, 25 2 Ak gk 7 (a) A2 E
FoR, BUGK/INA 576 152 x 768 143, %M K4
WSk AT R, R SR, SRR R
K, mWGELE I, 7 RKEIREAHE Y, (HIR D>
R IR B K 2 R A

Kl 6 (a) A 7 (a) 55 1 AT EHEE R ETT
KIS R S g5 SR, DR B A 4 S 56 il ik &5
R 23 o 20 55 R R L BEAL, (H 2 A Hm] A
B, P b R R B R 25 IR FE A AR AR
g, I SEERCRANE, DI 508 TR S R 25
WBE 5] A (P IR FE .

Kl 6(a) I 7(a) 28 1 ITH K E 2 RE

Retinex 5% (MSR) (45 R, P4 S5 1 Js K 4
RS R e, AL RS BRI T AR, BEHIAS
AT T A0 5 R s S, iy Hoad 1
Ak 10 2 38 25 R MR . (B AL
UG R BUOAT R IT, LRI AT G RN, JF
HRA JR B 7 B i S, X SR RN
W H AR AR,

K6 (a) FE 7(a) 5 2 174 K& MSRCR 5
RIS . SR MSR AR I T B R i)
AhE. N R UG, AbF S BT SORE S
LR, i EL P9 2 S0 ) D PR AR 88 O i £, Ak
MG mEM A IE. 5 MSR Fikmg RMLL, #%
SR AL PG5 BB T H AR, AR A Bt B A
. AHSEIL FRR o T SR AR, X5
BRI RAE, SR LR .

Kl 6 (a) FIE 7 (a) 25 2 4TJE &l E Tan 551
BRI B AT LG AR G R LG R
F I, W T BRI, B, XL TS L A
38 0 (P S0 A B ) PR B AT AT 1 T AN, i HLAE
IR I RAZ AT WY Sl R D R

Kl 6 (a) FIE 7 (a) 55 2 1747 82 Fattal 555
EM g I T RUE R S R X b
AR, R AR, HAEK 6 5 1 AL,
Fattal 555075 H0A0 LA /A LU BHIR K, X2
M 158 1 A S IS R Tk 55 7 TR,
i k= Fattal SEPT LK B SE 5 B T
7 RS 2 Aseieh, TR G Sl
SR AL V2%, AT Fattal 5035 1) 4 FESURL
It

K6 (a) M 7 (a) 55 3 1T AR He 5415140
(2 SR A VLA HIIE €0 56 50 A v H g % 701
DR S e A 1P 52 D AN (] 55 R R 7 S5 R B 1 B
KI5 2 2 RO BIAR, Bt A AR, L L Z B R
TR AT S5 T R 1) AR T EGOGS LG B R A Ty
FRAER s A L, 7 PR ab s, iR e
L5, AN IR 13 2 N o

K6 (a) MK 7 (a) 55 3 AT Kl Taral 251
BB gs R VLR R, LB RO,
KGO0 B A (2 25 P i, S0t B3 AN [F] 19 559K
JEERIR JEE . {ELAE Ak BRI 1R BB IKR B 8 o3 (R Al 2 7™
L, 1 AR SOR B AR A B AR I X 5k, A7 ELA W S 1

K6 (a) A 7 (a) 5% 3 4747 /& Nishino 511
B0 pry gl SR RSP EIGORT L R 3 i SR
X ANTA] U B ) S ) e s A M 2 25, H JE AL B 4
B R, LRV B T AR AT W] 2 R D't 2 RO

Sl BSR4y B AR 1) S50 AN [ R £
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(a) The input image and the experiment results of the first set of experiments
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(b) The histograms of the input image and experiment results of the first set of experiments
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Fig.6 The first set of experiments: input image, experiment results and their histograms
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(a) %5 2 4152058 B & ST A LS B

(a) The input image and the experiment results of the second set of experiments
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(b) The histograms of the input image and experiment results of the second set of experiments
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Fig.7 The second set of experiments: input image, experiment results and their histograms
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(a) The original image and the result of Tan[*3!| Hel*5! and Tarel’s[5?! algorithms
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(b) The histograms of the original image and the results
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Fig.8 The parts that cut up from the result of Tan(**), Hel*®! and Tarel’s®? algorithms, which do well in the heavy

haze part, and the histograms of these parts
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Table 1 The testing data to the first set of experiment results
AL 4= RN MSE PSNR {RELE UQIl SSIM VCM # &
A JR T B 0.031 18.862 —0.368 0.645 0.998 11.128
MSR 0.053 14.202 —0.124 0.559 0.993 17.371
MSRCR 0.006 25.029 —0.010 0.784 0.999 2.441
Tan 2143 0.108 10.017 —0.322 0.447 0.985 29.814
Fattal %[44 0.054 11.460 —0.231 0.373 0.993 47.141
He 2145 0.049 11.344 —0.237 0.725 0.993 43.132
Tarel %52 0.043 10.450 —0.291 0.520 0.995 80.657
Nishino £[50] 0.184 8.270 —0.481 0.326 0.984 53.560
FEH e 7 o (%) Toaia W5 H T EAHISE R
AR E 7 B 5 0.203 1.527 0.997 0.001 —0.051
MSR 0.143 1.626 4.740 0.040 —0.112
MSRCR 0.034 1.406 0.697 0.022 0.459
Tan 2143 0.686 2.870 0.495 —0.019 —0.208
Fattal %[44 0.014 2.077 3.939 —0.001 —0.093
He £545] 0.302 1.406 0.000 —0.015 —0.037
Tarel 2(52] 0.587 3.028 0.002 —0.030 —0.022
Nishino %501 0.925 3.579 0.000 0.022 0.013




H ) 8 B i 414
F2 BBV TEN S 2 A5 (K 7) Ml EEoE
Table 2 The testing data to the second set of experiment results
LRI MSE PSNR {RELSE UQIl SSIM VCM ikt
A )R T 0.009 4.422 —0.023 0.796 0.999 18.883
MSR 0.076 11.469 —0.217 0.609 0.992 40.905
MSRCR 0.019 17.305 —0.057 0.708 0.998 32.720
Tan 2143 0.068 12.567 —0.169 0.557 0.992 49.769
Fattal %[44 0.025 16.124 —0.074 0.805 0.997 16.020
He 2:145] 0.037 13.240 —0.144 0.788 0.995 23.938
Tarel %(52] 0.019 16.025 —0.076 0.691 0.998 49.792
Nishino %°°! 0.047 11.228 —0.230 0.628 0.994 57.064
LG e 7 o (%) Loayia W94 7 B R L
A= 7 B —0.050 1.475 1.348 0.043 —0.033
MSR 0.001 2.156 0.177 0.011 0.215
MSRCR —0.569 1.922 0.191 0.010 0.129
Tan 2143 —0.089 2.172 1.836 0.031 —0.028
Fattal 244 —0.059 1.287 0.641 0.026 0.818
He %5[45] —0.050 1.476 1.348 0.027 0.878
Tarel %(52] 0.237 1.757 0.000 —0.007 0.074
Nishino %°°! 0.178 2.212 0.000 0.019 0.349
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