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Abstract: In order to improve the visibility of low-illumination remote sensing images, an improved
multiscale Retinex combined with a local contrast adaptive adjustment method was proposed. First,
the original image was transformed into HSI color space and the hue component H, saturation compo-
nent S, and brightness component 1 were effectively separated. The H component was unchanged,
and an improved multiscale Retinex algorithm was applied to process the I component, to improve the
overall brightness and contrast of the image. In this case, the Sigmoid function was used to replace
the logarithm function in the multiscale Retinex algorithm to reduce the loss of image data. In order to
improve the local detail information, local contrast adaptive enhancement was performed via image
processing. Then the component S was processed by piecewise linear enhancement. Finally, the pro-

cessed image was transformed to RGB color space. The experimental results indicate that the entropy

Wi HER:2018-01-12;1&1T H#§:2018-03-03.
BEEWH 35 WA B &R TR A B3 4 % B 35 H (No. 20150520102 HD



5 8 4]

fB i, 4%, HSI A2

[8] T B EG A B 1 J PR {5 1 o 2093

of the image information is increased from 5. 79 to 6. 65, and the local contrast of the image interest

area increased from 0. 695 to 0. 701. This indicates that the image quality and the applied value were

effectively improved.

Key words: HSI domain; low illumination remote sensing image; multiscale Retinex algorithm; Sig-

moid function; local contrast

1 351 =

R 1z B T AR AT R I 2 )
RGAHAE 2O i T 38 2% R 0 8O IR 2%
PEA R (B GR JR I, 23 77 2 I IR A 3 SRR R AR
TR AT W AR L 6 AN BRI X L B IR AR T
B, R T SR R B AR R 5 R A AT R
fiE, 38 5 AIG AR SR RGO AR Bt 5
18 P15 iR v A 455 6 T 4 ) Y R AR e L
7 V1 ¥ A5 A R 6 0 5 3 1 ) 75 0 0 A O iR
R A 45 7 ¥ 30 Ao R A AR 8 ek RIS A BT
B 5 JIE R AT AR 4G 4 o BB R I pR A
BT PR A R A A PR B DT B O R B
77 &L 5 ] 285 0 e A 7 Bk T UG A U AL o3 Sy S i
Sy HRR B S BRI AL G Sk —
FRRE Lo 1 MR B & (H 2 2O BB — 5P A
05 T HEAT I 5, AN BE A R0 R R B R R R Y

I AE K, Retinex B9 [ H 5 T 5030 18 B
JER ZEULD R R GR T RN EE T Z K
1. Retinex B 1 land™ 7E 1965 4F 48 iy, 7
LB I 30 AR 00 3 25 7 Bl 4 A EHR 6% Ok
H ., Retinex HHIE & — Fh 3 F 25 WY KR 3 5%
D7 ARSI 04 A0 5 45 1 LA RS [l A P45
PG AU B3 e J2 0 A8 R B 4 TR TR
O GG 5 J7 i LAY, B S L DL Land 48 A
T 5 B S BE A, Jobson™ & & T L U Ret-
inex ® 7% (Single Scale Retinex, SSR)., [ &
Retinex Bk & ¢, B 1T K £ £oni H A7 5 R
J# Retinex, £ R & Retinex % ¥ (Multi-Scale
Retinex. MSR) Fl 4 & % ¥ & #) MSR 5 ik
( Multi-Scale Retinex with Color Restoration,
MSRCR) 4§, BURIXLE Retinex B VATE — & 72
s T BHMRAOCR B A A R Z 4b, SSR Bk
ANBE [R] i w6 2 B 2590 B 4 R R fE E T
MSR 535 24 J5 46 R Tl 2 R 3 SR 15 I, 23 1

WA H IS, MSRCR 5 4 i 3k 0 1 {6 % 2%
FLIRGE AH 2, X6 T 55 Wl DXl 240 75 7 35 5 R SR A A
B Dong SN B E EUSBUR J5 . A 5
%5 R EMGAAR AL 1, 410 35 3 0 e 00 Y L 55 1
ARE R A R R AL B b R T R
] o {H X35 5 32 B A T EAS B R L BEAR T BB Y
TREFE,

A — Fh fE HSI (Hue, f8 8 ; Satura-
tion, 1L FI i ; Intensity, 5¢ ) % 25 [H N, 2k H]
MR ) 2 R Retinex 5 JRy B X e B H 3 107 4 55
AHES G I IR 2 2 R RG 3 i T vk . AR TR
RGB 8% 75 [a] % # 81 HSI % 25 6], 8 T F
NHR A58 22 58 0 4 Pk 2R A7 R4 B 5 7 O 15 50
i HORAS Y RTEE R L %6 42 B 0 dm T 2R FH etk 9
MSR B3, X 2 g B AR A7 50 B RA L i
R0 U8 2%, FfH H Sigmoid BB MSR &4
H ) X 5 R R ke s B 5 s SR T R A A Y
5 AT B A B Rl PR AT SR B ORE LY R O
3o X6F AN [v) A0 R 3 JR PR AR AT A B, 39 T AR
T .

2 Hikwik

ARSCHIFFE X R0 I B R R (5 0 R R AR L LR
S R ARG K JEE M T 28 AR BE L3R o e
B, T BGEEROCR 7 B AL R 5 L
Mg DX I ) 5 B A TR AR E 4 5 k3 PR Y 3
GRS TR N S O R R . DR AR AR TR
B T R PR LA L, DL RO B Y A BT i Y
W 4R T — ol A 28 A A1 I 2 e J PR A 0% i 7
o R NIRILBE 28 G0 ELAT X 5 2 A9 i bk 20
e 0T (R Y RO B R S O TE T AR AR
o) AR AL B2 R 0 A P B e e B HST 0% ==
[F) . HIST A A B A5 N 35U B4 il 3 7100 i 86 B30 € )
07 2 BRI R A BE A5 S, PTGl IR (5 Ak 2
FEALAE HST @R 2 0] J5 8 (49 B g £k 4 B2 T4
U, B E R SO MSR SR HEAT AL R



2094 b=

TR

5 26

FH R X L 2 1 3 7 9] e B3k kA 3R 245 SR Ay
— k. AW EEAME LT NE MR Retinex
B S5 A X B RGB % 25 3] 5 HSI 3,
R 7S 1) B vk N P45 51 A B MSR et 7 2 LR
A N A B R RN S B A S
RIS T T O B R R R A B

R BB LT B

(D W A\ B, a4 5) HSI 4% 25 6], 15 3] @
P H M S SR 1 =40 ats

(2) X5 4y i T #4720 1 MSR 5314
GO o S ey N SR A SR R
B

(3) S T 4 i B Y Jmy BB X6 B B A4 ey BT &
AR X (2) B 5 B AT R 3R LY B 1 3 N 4 5

(4) PEFF @RS HORAS 4 10 0 4 gk
1157 B M 3 ik

(5) AbFREE FAs e [0 2] RGB (4% 23 4], 6] it
HEAT bR R R A5 B 0% 4 b 3R, i i 3 R S
K4 .
2.1 Retinex it

Retinex FRig fift B 1T A MR AR 42 Z 4t 2 0 ] Jak
R4, Retinex B8 B9 B BY & M & 4
ARBU Y S R R % e AR L 1S

FIE Y RIA KIS NY . Retinex HEIA K — i &
B 1Cx, AT LA A (D IR
[Cx,y)=L(x,y) * R(x,y), (1

Horb L(x, p R EMR R EE o & B & T 385
5 FEAR B s RCey ) AR R B 5t 43 1, AR 31
TR R R

Jobson % AAE land™ %5 A A9 BF 97 B Al B 3R
H T B R Retinex 535 (Single Scale Retinex,
SSR) , H U Retinex $# &k Xk (2)

lgl RCx, y) J=1g[ I(x, y) J—1g[ F(x, y) * ICx, y) ],

(2)
Horr . FCa, y) iy 55 8 45 B ek 250, o B RUBE B30 3k
T3 8 2 ROEE Retinex 81, 2 RJE Ret-
inex ¥ET] LU IR 2 A A RO iy 5 RO
Retinex M MEMALA & 45 R Bze KRB AR .

k
Ri(x,y) = Ewk(lg[l,(x,y)] — lg[ Fi(x,s
k=1

v * L(x, D, (3
HA R (x, y) FHREEAY Retinex 5% A9 fiy H 4%
s Ruse, (s ) N 2 RUE Retinex 50325 (19 4 ) 45

Hpi=1,, N, KaoLiga M, N=1 & K
JEEIMG . N=3 KR A F O ER ; K Rox RESHL
B B K=3,Y K=1 i}, Z R Ret-
inex BLAR )i B R Retinex 575 3R 7R X N 55
K N REINER T, FCes ) AR R ph %L
B 1 B 30T R BT R R pREC . MISR Bk
AN TR RUBE (0 b 3 0 45 SR OMAL A &, R S5 Bt %
PR L5 BG4 49 15 B T .
2.1.1 RGB &-¥ %9 # Retinex 7 %

7£ RGB 4 23 [a] it ] MSR 51k 75 22 43 i1
X R.G.\B =38 I i ER 53 1 AT MSR, i 2o
PREIORY 1 22 A AL AT B AL B S A RS . AR SO
X% 1 ¥ Digitalglobe 24 # B Worldview-2 T &
KM%, Worldview-2 TR GBS HEHE 0. 5 m &= K]
G 1.8 m PR ZO0E EA . R s K&
1 Ca) T PRI AR 58 B2 (B IR ¥ BT B8 I 5
Kl 1(b) > RGB 7% ] MSR B3k Ab 3 2 J5 19 1%
3R E) ROGLB 3 ANt B A7 AR B, B T
R.G.B =i 5 A 1 LB ¢ 2R L 3 B R 68 25
A —30 $d i 7 BRI B S X R H B T
R REME,

(b)RGB 1, MSR %5 5

(b) MSR in RGB domain
Bl 1 RGBS MSR 51k 505

Fig. 1 Experiment of MSR algorithm in RGB color space

() JR IR

(a) Origin image

2.1.2 HIS &% %98 Retinex 7 %

B 20 2(b) VL 2Ce) 450 ok JE AR B %
(JEl 1Ca)) #E HST 25 8] i 2 08 43 & 4 A EE 2
SRR CEE W Pl F O . B 2(d i HSI
B MSR Bk 45 5L, i F OR35S i G 0 8 il
LI A3t AN L R o (0 RO 247 T RGB
Sl e A 5 SR R 2 BRI J X L A AT L 40 T B
AT L W 2 (d) R AR R X R . I
X &2 A RS B H R X b B i 5 2
ik —25 k3



fB i, 4%, HSI A2

[F9) T 4 A U U T 1 094 i 2095

() s

(a) Hue component

(o) 4 0 B 73

(b) Saturation component

(O Fe s

(¢) Intensity component

(d)HSI J8 MSR %5 5
(d) MSR in HSI domain
2 HSIZ [y MSR 57k
Fig. 2 Experiment of MSR algorithm in HSI domain

2.2 Hi#M % RE Retinex &%

AR SCHESMHTE A B MSR B3 0 36l AT L
kPR —Fh e MSR 5k, il MSR Sk
AR FTR R R S5 AT AR R .

I,’(Iay) :|
Folaxyy) * Li(x, 1’

O33R (4D Hp e B0 eR B B T S 4 T DL AR R Y
153 5 HAR B AU 9245 5 1 A, b 35
EBAG R 2 A A A S TR EE
R 2 SR B R 38 H 2 R FH gain/offset
J5 2% G A 18 3 A8 HEAT B IE o I J7 1% Y 5 i 2
3 1 1 G B 1 458 0, 0 G R A5 32 {1 4 v A
By IXEL, 7w RS Bey ik MU A &
SCH Sigmoid PRI B e MSR X4 550 R B, B
ARG R,

Rewi (s y) =1og[ )

I,-,(Jc,y)
Fk(l"y) * L(l',y)

Sigmoid B&ELAYT #h 28 3T LT X B0k 5. B T Rl LA
F0 240 B R E VR i B AR 2 R PR, 4
FE R 2O R AR BN AR
(5 A& A R AE R T 0 1Y, PRt U5 2% 1 ek 4K
TER A A X, M A% T 1B, R i g =

RyiCas y):Sigmoid[ :|, (5)

14 5 B 5 TR FEUR 28 9 IS B0 A ] L 4 Hh L i
Bt 0.5, Sigmoid PREL R A JE 48 W52 BEE #29n
Foh Bb, P AS 55 2R 5 L AT DLk e RaE &k
Sigmoid PRECMZ A 4 iR,

. Sigmoid function

0.9
0.8
0.7
0.6F
0.5F
0.41
0.3}
0.2
0.1r

0 IR T S S S TR S R BT
-10 -8 -6 -4 -2 0 2 4 6 8 10

Input(X)

Sigmoid(X)

K 3 Sigmoid &% HE £k

Fig.3 Sigmoid function curve

LB A 36 A Sigmoid PR AE AR SR LAY &
B, B Sigmoid BRECIN T 2PN .

Sigmoid(x) = (6)

1+ k!
Horp s ke Ay £ B I U AR L ke ) R DN AR Y
RPERE . a A1 b AR E il 26 A9 28 3 45 (0. 0)
(0.5, 1)l i L9 B2 k MU 5.5 I HORERAE
A2 WK 4 B 7R {8 Sigmoid bR BUR e
) AR E R B A B A (D

K
I;Cxsy)
Ry = D Wi+ S| : ]
'Y 1{21 K FoCax,y) * Ii(xs y)
(7)
1 Sigmoid functions
=3 F il
Gal gg.s ; 2
S 06
]
=}
=]
5 04
w2
0.2
o L L
0 0.5 1 15 2

Input(X)

Kl 4 Sigmoid PRI £

Fig.4 Sigmoid function curve

2.3 BEXLEEBREMFE
S EPN e D S R N R WY B
BB B A G BB IR L E 2 R Y R B AR



2096 b= E I

5 26

B, 43 B 1 T B L R AT LU BE 2 B AIK , BN R X )
IR L B B Sy R, N S OG T L S0 A e 3
S VIG5 B RORT LG B 5% A XIS, kL B R
BRI T RN AN [ X G 22 (R Y 22 5, 3X O 25 57
AR ILAE UG A 201 {5 B L RIS T 1 X
TR 5 W R AR SCHE MSR B 3 R s R AT
Ja) B X kb 34 53R ( Adaptive Contrast Enhance-
ment , ACE) , ACE 5.1 R I St i AL /B A 482
PG 0 LAV AR 2 56 A 48 A5 35 40 s 47 o s 2 05
U v AR 3 TR A A PR A5 B 00 4 {5 R L Ok e A
TR IO AR EBD Ry X bl BE A 55 L #E R R OCHETE
TR LU RE S A5 A T H G XTI R R B X LG RE
B TR g W B G A
FJT 25 5 Jry R B0 (E R Jy 38 77 25 7T LA e Jey 38 56 i
AR 5 AR

AR SCHY JR AT L R S 5 SR AN R

B, R e A MSR R A B A R4
BFAE £ ) LRI XL LL £, ) A
LB KN CXAD X @X+HDEXE, XA
— B R M AT A T

ISR I
Mo = GXF D% 2y 2 e (®

JR R IT 2% o A (O
HX X

>0 20 o) — M,

5 k=i Xn=j X
%= (2a+t 1) - W

B JE B DR R R, DR R AR S
JR v 1 A 08 L B R AR A X (10) R

h(z',j)=M,_,+67a‘[f(i,j)*Mi,,]. (10)

SRIG o M BEEN T FEF, HBE WD
40<<P(D<120 , an

B
1.2
a{l. S
n/2 P(D=<40

Forpr: T R IG5 BE 43tk 1) B3 AL JHG U
H(0,255), PCD R MG FEAG 5047 8L 5 1Y 45
RARE BT 600 ZEUE T 2400 X ], Y
60 %0 IR 8 R K FE (AR T 40 B, 2 WY 5 4
5, SR B K R EE L S 60 % MR 1R &
TR BEAH 5 T 180 B, R A 5%, IL I BUE 3/
WL % B B 8 R R IS N . 5 R R O 22 R
FE T MG R i 2k DA S H: Al 73 1k %5 BE X 38R 4 S
TR XI5 22 A, T L B 25 (B AN L W] DA Sk s ¥

120<<P(1)<<180

BUARAES RN . A 2 b, 7E ISR JBE 7% Ak 22 18 b X
SRR T 22 A BN L X b B B 2R Ok K Sy i K R
PSR AR T — DR R A A B BR HX LG
FEHE g5, =l AA2) PR

2 < A (12)

AR S ey s Ak B 5 R A% okt o 7 M S AR Y X
Bl e B R
2.4 AFMMESELE

FELR R EE i H RSB ST 6 4R
a3t R FH o B R M A 4 1) 5 W R AT AL B L AR AR A
FEE (B /N B AS 5] 34 A7 I ik 50 R 68 %
SEA I8 A8 Ak L HST (8, 25 6] 5 a1 43
i S B L= (3 FR

S=1— [min(R,G,B)],S€ (0,1).

ﬁ
(13)
PSR A o B S' w3 A
KADH PR .
J1.25+o.1 0<CS<0. 2
S'=<S 0. 2<CS<20. 8. (14)
0.95—0.1 0.8<CS<1
T 0 BE A 43 v (80 %6 ~100%6) . H1 (20%
~80%) K0 ~20%)3 A~ X [8] , 4 T JBE 52 1K Hif
PRI B €21, A R 7™ A 22 Y €8 08, o v A A
M SR @I B, A & 0 X R, ) H
2V PR SRR A 5 0t i A2 B JE v Y DX TR O B
Ji 4y PG A 0 R 45 2 5 X 7 4R 0 (BRI X ) SR
PR BE B 2V pR BRER 55
2.5 BaEmE
ST HE A MR B R IR R AR S R
SR B ER AT TR AL, AR SO Gk 2k
S PRALA3E ok 5 B BHR AR BN R B, F A
FEE G E R.G.B =40 & A9 b6 56 5 8 X} ik
PR By R 247 M 8, R 2 D7 s =X (15)
(16) 7 -
e ((i"”j )) : (15)
hCi,j)=eCisj) fiCiyj) ¢€R,G.B, (16)
Horr 1, )RR JE b B AE HST R =5 [0 /Y 5
BEAY R, 1Cia DR TG, DACBR IS R4S 5, £ Ciy j)
R 7R S 9 A B S AR e 7] RGB 6% 25 8] /Y 25 3
hoCis D RXE foCiy ) BRR IS 945 58, AT fR
IE R.G.B =43t 1y LU 5 RANAS

6(15]):



S T

Hs A6 U, A5 HIST R 25 6] T B 0% 18 8 g 21 {5 0 5k 2097
SRR AR VTR AT B L )T B B0 A5 SR A R
3 EB55H F1 Jea X H S8 DA S i R S Bk 9 A Rt

WA B R 785 53 S WP 7 R A%
WLPEH I 3k o H 32 258 IR BB JI W L s
R Al 4SS 0 O 1) Ak Y 48 ARD . AR SCRY B AT
Wri 4 3= B XF T MSRCR, . B 5 & ¥ i fk
(Histogram Equalization, HE) . Dong B J7 ¥ &

ARICHEIL R SEI AR . B W i i X 4% SRk 2

e
TR o]

LARE TANTER

(a) JRURES

(a) Origin image

(b) MSRCR %7
(b) MSRCR algorithm
Kl 5

Horp B 5 o AR R IR S B 5(b)
MSRCR Bk 3 5 1) 45 3L 8l 5 (c) Dong By 5
DAL PSR S5 5 B 5 (A Sk B R Ak B 5
BB S(e) WARCHLABEE R, B 5 K’B
SEPE e A AR A T Y s i N 2 B 5 (o) B/l
s i LA 05 W AR TE A’ 5 (D A
It TR K BE 9 — e FE B b3t i T R Ry 5
B, 2070515 B A5 AN B Jb 3 58 181 5 Ce) 78 B
TR T 52 LR R L N R R AT T
WEEMSCGE R TIREERGNOEER 5T
BG B R T b EE L elcst T MR R 4 15 B B
AT TN W L BT TR B A AR
3.2 EBREFERTH
3.2.1 AREER

G BRAE hy A SC 0 G B 2 1 % I F
febrZ— . BFEMG AR 5L B AR SRS ]
P S TR 8 X35, P A% 5 B AS ) A T DR L T 40 7%
SOFENSS N ENEEESI2NIE N el 3 PN R oA

(¢) Dong B 7%

(¢) The method of Dong
[EI5 52 3 45 SR X L

Fig.5 Comparison of

LU 45 RN b
Tty P45 rb 0 S5 R AR I TR AR L T
PEAR . 9 1 B8 IEAS SOk A9 A 881k L 72 RGB 25 [H]
A HST 25 [, % Js i P 553 531 T MSRCR VELJ7
Kl ¥ 14k . Dong #9775 78 SCHBGH ) MSR 5 J5
VR EGE T R R 4G S A BT S5 A
e BORA AR A Y PR R A5 RN 5 o .

3.1

() BT Kk
(d) HE

(AR ICHIT5 1

(e) Ours method

image experiment results

B A LB A L TR U R B ke 7R EMR TR IR
FEG A5 B iR, R EMG f915 8 okt Elg
B M5 B A A XX AQD FrR .

N
H=—>P Xlog, (P) , (17)

Ho . P WREMEST i EREE ERG SR
RBONAE . N IR B E. BB AT 2 B i
JE G PR A S N A S5 R 3R 1 R .
3.2.2 B RRafI A

JHERXT LR CT an=(18) .

Imax — Imin
CI_ Imnx + Imin ’

o L B Lo, 20 B4R R 4B 35k 9 A9 15 e KK B
{8 Al E /N K BEAE % {6, RGB RR 1 Jay 3 % 1 3
"= a9 .

CIzé(CIR+CIG+CIB),

Hop Cle  ClLo . Cly 735 &R R 705G 7 4
B -8k 14 Jm 0T HGE L ) 45 01k B4 SR SR N L R

(18

QD)



2098 b

K% TR

#
g

P ACT AR o i R i 1) & A 2

gﬂt,frﬁz\ﬂﬁnivzo):

ACI=CIl;—CI, 20

Hov s CLy S 398 5 64 5 BT L BEAEL, ACT UM i
J i PRI AE 25 SRR AL BR S RO A A0 36 1 I

x1 BEEREEN

Tab.1 Image quality evaluation
[ESEES Sk 15 B0 ACI
& 5(a) JFE K% 6.233 4 0.000 0
Kl 5(b) MSRCR # 6.305 7 0.003 2
K 5Cc) Dong ) 75 ¥ 6.354 7 0.004 1
& 5¢d) T E YA ik 6.435 4 0.004 6
Kl 5Ce) ARSCTT 6.654 8 0.005 6
S E 3K
[1] JANG]J H, KIM SD, RA J B. Enhancement of op-

(2]

(3]

(4]

(6]

(7]

tical remote sensing images by subband-decomposed
multi-scale Retinex with Hybrid Intensity Transfer
Function [J]. IEEE, 2011, 8(5); 983-987.
BMEF, KM, &&,F. GRBRBILGHERT
MY Retinex R [H# G EMRIGR[T]. b5 HE T,
2014,22(4) :1048-1055.

ZHAO HY, XIAO CH B, YU J, BAI L. A Ret-
inex algorithm for night color image enhancement by
MRF [J]. Opt. Precision Eng. ., 2014, 22 (4);
1048-1055. (in Chinese)

PRATT WK. Digital Image Processing [D]. 2nd
ed. NewYork : Wiley. 1991.

JAIN AK. Fundamentals of Digital Image Pro-
cessing [D]. Englewood Cliffs, NJ: Prentice-Hall,
1989.

LIM JS. Two Dimensional Signal and Image Pro
cessing [D]. Englewood Cliffs, NJ: Prentice-Hall,
1990.

LAND E H, MCCANN ].
theory [J]. Journal of Optical Society
ca, 1971,61(1):1-11.

CHANG J L, IRENE CH, YI ZH, et al.. En-

Lightness and Retinex
of Ameri-

hancement of low visibility aerial images using his-
togram truncation and an explicit Retinex represen-

tation for balancing contrast and color consistency

4 % ®

AR SCAEF X R B R AR ) R BRI T A
HSI 2% 25 8] A F 202k B9 MSR 803 5 JR) % b
JEE B A R AR S5 A 0 5 s T I Sigmoid bR
B 6 B ek B MSR B vk gk A7 ol F L 58 40 1
PGAEAE I s R R 3 % BL B [ 3 7 O 4 O vk
P25 PR JR 3 0T L B A A5 IR 0 300 % A5 4t T
FRAMBIRE ., S as R R X T A S Y
Worldview-2 T3 2 328 1% . G5 B i 5. 79
P B 6. 65; R FRXS LLEE 0. 695 4w ) 0. 701,
T AT AN R & I I 25 A A BT AR ST T
B T A5 Gt B I I8 38 J% PR A% 189 5 O 3% L AT 0
AL TR AR 3 JR LR R P R

[J]. ISPRS Journal of Photogrammetry and Re-
mote Sensing, 2017,128.:16 -26.

[8] JOBSON DJ. RAHMAN Z. WOODELL GA.
Properties and performance of a center/surround

Retinex [J]. IEEE Trans. lmage Process, 1997,

6:451 -462.

(9] Bbwm,XA RIAHEEERNHRE Retinex 15
W), AL B R B $ 4R, 2015, 27
(2): 217-225.

MA ZH 1., WEN J. A single scale Retinex sea fog re-
moval algorithm with edge information fusion [J].
Jowrnal of Computer-Aided Design and Computer
Graphics, 2015, 27(2) . 217-225.

BISWAS B, ROY P, CHOUDHURI R, et al..

(in Chinese)
[10]
Microscopic image contrast and brightness en-
hancement using multi-scale Retinex and Cuckoo
Search Algorithm [J]. Procedia Computer Sci-
ence, 2015, 70: 348-354.
[11] JOBSON D J, RAHMAN Z U, WOODELL G A.
A multiscale retinex for bridging the gap between
color images and the human observation of scenes
[J]. IEEE Transactions on Image Processing A
Publication of the IEEE Signal Processing Soci-
ety, 1997, 6(7):965-76.
[12] DONG X, WANG G. PANG Y. etal.. Fast effi-
cient algorithm for enhancement of low lighting
video[C]// IEEE International Conference on

Multimedia and Expo. 1EEE, 2011:1-6.



55 8 1] AR U, 5 HST 0225 0] T By 4% IR 8 Jk (515 4 2099
[13] HE K, SUN J, TANG X. Single Image Haze Re- Heg[J]. R HE A, 2017, 25(2):502-508.

[14]

[15]

[16]

moval Using Dark Channel Prior [J]. IEEE
Transactions on Pattern Analysis & Machine In-
telligence, 2011, 33(12):2341-2353.
EEE.BMAHEW. LFZRE Retinex FI 5L
FXOCEMGI TR A F A E LR,
2006,14(1):70-76.

WANG Y CH, LI SH J,HUANG L Q. Enhance-
ment of radiography based multiscale retinex[] ].
Opt. Precision Eng., 2006, 14 (1) 70-76.
Chinese)

Bm, AP, BFH,F. AU Retinex
AN GO RAFELT]. A% HE TR,
2010, 18(4):1011-1020.

GE W, LIGJ, CHENG Y Q. et al.. Face image
illumination processing based on improved Retinex
[J]. Opt. Precision Eng., 2010, 18(4):1011-
1020. (in Chinese)

R F. R E BRGSO R R R 2t Ak

(in

EE® T

2 U C1990—) . I E MK AR AL L
WA, 2018 4F F RO BT R 22 3R A%
oA, BN A ) R R A

) FHARFT W5 . E-mail: damond0424
@yeah. net

[17]

[18]

[19]

CHEN B Y. Local linear enhancement of lumi-
nance histogram of color remote sensing image[ J].
Opt. Precision Eng. , 2017, 25(2):502-508. (in
Chinese)

YIN X, GOUDRIAAN J, LANTINGA E A, etal..
A Flexible Sigmoid Function of Determinate Growth
[J]. Annals of Botany, 2003, 91(3) 361,

ZHANG H, ZHANG S, YADONG W U, et al..
Fast haze removal algorithm for single image based
on human visual characteristics [J]. Journal of
Computer Applications, 2014, 34(6):1753-1745.
&R, #4388, 3T Contourlet A8 4 [ 1 B K (%
WAL LT ] A A A2, 2008, 16 (10):
2030-2037.

CHEN ZH G, YI F CH. Enhancement of remote
sensing image based on Contourlet transform[ J].
Opt. Precision Eng. . 2008, 16 (10):2030-2037.
(in Chinese)

WARTEA961—), H L, HFMRN LR A,
1990 4FF v [E Bl 2 Bt 4 & 65 K % ML
WA ) BE 5 BT AR AR T 24 A0, E A
Fr UG AL 3 K TS HL L B R 75 T

WF5% . E-mail: guoyf@ciomp. ac. cn



