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An Improved Dehazing Algorithm Based on Near Infrared Image
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Abstract: In order to address the problem of visible image degradation caused by the hazy weather conditions,a dehazing algorithm was
proposed,in which the color information of the visible image and details information of the near-infrared image were fully taken advantage
of Firstly,the haze density of visible image was estimated according to the information of dark channel,based on which the visible image was par-
titioned. Then the visible image and near-infrared image were decomposed by stationary wavelet transform.By using haze density partitioning and
pulse coupled neural network,the high-frequency component and low-frequency component in visible and near-infrared images werefused,and a
clear and high-fidelity image was obtained.Afterwards,the composited image was filtered by a guidance filter to smooth the boundaries of parti-
tioned areas and preserve the edge information of source image.To validate the effectiveness of the proposed algorithm,groups of experiments
were conducted to compare it and other state-of-the-art dehazing algorithms.The comparison indexes include information entropy,mean value and
standard deviation of dehazed image as well as computation time of algorithms.The results showed that the proposed algorithm achieved a better
visual effect,and the color information in haze-free areas was retained.Besides,all the comparison indexes related to image detail and image clar-
ity were superior to that of other algorithms.Meanwhile,the computation time cost of the proposed algorithmwas significantly decreased.
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e T R E B E R g b, A F K& T, BHR L 0007k E 2 w2k ST EIR
FEE S B AR AR ARSI, IWMGEHEAT HAR 3R 04 75 5 A T RO AR LA T 8k o [R5
R, R BB AE TAE  A SE EUR A T b B 907k R A R v 2 R IR At H R €
A e BRI | BRERG B, BA T B MRS WA, (EEMRIETE B R R o T ORI AR

Yris BHA:2017 — 03 — 11
EE&TB:EZKARBEIL % B H (61403065 ) 5 PUJI K25 |3 AABHIF G 236 4 58 B3 H (2082204194074)
EE BN EAAE (1964—), 55, #U82, W+. BF9E 7 il 8 R G A sh b B Re AR ; S mids #E0E il A h ik R 48 AN S TR S
RGBT RGO = hAS@ A 5 {5 £ 4. E-mail: hansongchen@scu.edu.cn
* A fHEE AR A E-mail: li.wei@scu.edu.cn
P 4% HH B B 18] :2018 — 03 — 21 12 : 35 : 09 P 4% H Bl 3t ik http://kns.cnki.net/kems/detail/51.1773.TB.20180321.1235.005.html

http://jsuese.ijournals.cn http://jsuese.scu.edu.cn



http://dx.doi.org/10.15961/j.jsuese.201700179
http://dx.doi.org/10.15961/j.jsuese.201700179
mailto:hansongchen@scu.edu.cn
mailto:li.wei@scu.edu.cn
http://jsuese.ijournals.cn
http://jsuese.scu.edu.cn

100 TRERp A HEOR

55 50 %

R K55 07 ol 1 JUAE BB L 5 i R i R 5 .
Fattal "Mt Fi 0 7 3 20 W7 50 25 1R, i o 1B 15
S 23 R0 3 THT A% 52 AE Jmy B8 DX SR N AR O Y, A R R
S5 38, HE I SE 3 5 i B2 D, (HZ T VA B T
Goit, X 55 BRMG 10 A BRACR AN AE: o He 5 O i 1 g
A eI Al T LA i iE R, LM R ENMR R,
HJ& iR Tz @ RS IR e B 2 -, X
WK A | 1 SN I J 40 14 B 5 DI, Lk &2
SRS BB AR B, 5] AR BRI E
SR AR R, I B S5 1 R S5 OB 2% .
TG e A VAR 1 0 B R A K, A3 B TR
25 KI5 AR R 25 X3 3 5 e 1R, AT A3 e b e ke
K25 X 2555 () R, (BN 22 B vk 25 JC I b eleatk, 53 4b
TE T E R, B E RSP O
HEAT P, )P DR800 I A T AR R B
SR it T AR R B A A SRR 22 %5, SR TTZ T
R ) TR B R OR A  BAR . Schaul 51OV %t
BT RABGBR L 55 7 i B, 3R 3 Tk ar
SMEMG Rl A B %5 07k, 20 i W — s ]
WOt 5 E LU AMNER Rl 04T 55, B TR 2L A EIR
KoM, EZ5 e 1R, H RS W PN Z A B A
KA, xRS LA G I H, O T B AR RS
B B S R T TN R /D R i
(weighted least squares, WLS )" V84 i Xif 37 41 41 1 7]
TG MG Rl A, B 32 AU B 1S K G RS 1Y
ARR, B AL R R 2R o, IF Bk AE A T A
GG R R ER T E W, SRS BB IS
DX B B H A B G o RIS A U1 b T B e
HRAIE 55 v BE il &5 3T 2 A A AT DO EMR, AR R T 055
B R AT B, (0, 32537 2R HH 13 2R 0% A il
G, WA R R LA MEUR R i (5 2, JF HoR A
XU U8 PO Rl R AT - A 3, 2 BRI Pl
EEN PR IEY SR NN PN A < X W WS o B iR A R N
GRA B, Al 76 CRAIE R 25 55 B I ET 4R R, JS 7]
AEHh B = AR AR A B X,

B X SCHR[ 10— 1214276 /Y In) 8, 4R 5 4 i — ol 2
T 55 Uk B Rk PRl A #h 25 M 2% (pulse coupled neural
network, PCNN) U3l a] UL 5 5 5 1 ARG & 22 5%
D7 o B, N AR DR G G B R o R )
I 5 J5E 68 e 96 8 1 MR A A T 25 Wk BE oA, AR B
Z5 VR B T R AT 43 X, AR A8 43 IX R AT AN R A% B 1
TG SR, Ry kDR A PRV R AR s S A3k B
(TR, 51 AL T PCNNRY UG Rl & 5ok, ZEARIERE
HEUG TR AT T, KIEREAT B &, $E A3
B B, 51 AT B UE D (guided image filtering,
GIF ) M0 il 5 PR AT 968 A B0, 7 19 431X 11 5 11
(] BN O B8 Dt EUR I3 A5 18

1 EREMITEDIEX

KPR, 55 AN R AR IR R, IR
Xf Bk KR AT K S AL B, 25 BUC S ST 4
W2 A8k, BB L o i BRAR Y 25 55 R A f KRR
JEE b O B AT DL D' T 500 B 8 23 BRI T, K BT A
B WA 250 B e I 20 ARG, T A 3] — R4
N HR AW A 11 3 AT 2145 o A 3 AR 25 T 22
Xf RS BEAT 70 DXR, ARGF s o T BRI AL
L1 ETREERENEREMGT

5 P T 6 ) D B« X TS 5 T AR A 5 X
RIS, T4 R ZHUICHN, B f 20— 130
AT AEARMRAR R AR R AT, i, £k Lt
JR P DX I AT, Ol 58 BB ) e /IMELRE G T o ] LT K
(1) T3 18 g

J*H(x) = min (min(J*(7))) (1)

e{r.g,b} yeQ(x;
e, JREHRIG O, Q2L b i —
DR ZET B G B TR A € DR S 3
(5035 A L BEE T 0. UL AT, W SR T — WAL
S D BRI 152, 98 2 T () e — R 2 T 20
(L h P15
— AT 5 R B R
1) = J()(0) + A1 - £(x) (2)
S, IR RS, T 0ok R, AR,
B X T E R, N T 1L 1P LS T 5
S o 5 13 4 SEWR 4R, L B TR0, M
i P2 0 50
1555 FEHR I 5 5 ¢ L R B R B /b 4241 1K
ST )58 2 B o BRI, T L 25 PR
L o (R R 550 VR P LR ) —
FO K 545 5 PR 52 3

(a) RIEB (b) W5 R MR i

(0) ZRAERZ

(d) F R EUG I @
E1 E—isBX5E6ZERGRERBERE

Fig.1 Sunny and hazing images of the same scene and
their dark channel image



523

AN R, A — PG IR TR LA NER 9 255 T ik 101

HI AT LU Y, A 55 TR G K T 4k T 1 5
JEHI R,
1.2 BB EX
W2 (1) SRAT (4 I T 0 — Ak, I35 AN R 9 159
(ECRE R 53 Ry AN [1) 25 e B 1) DX PR 0 X AR 4 =X
(3)iT%E:
Block(n) =I"™- J** T, , < J¥ i, j)<T, (3)

K Block(n) &R Sin 47 X5 i i R4 IX S, B
A DG BT 21 2 S 5 (G, ) 3 18 0 — 1k 5 1
(i, DAL BYME, HABFEOF 1 2 8] 5 T, 0 25 ¥R (L, 38 1k
BEE B, K G5 R 55 R AN R i ndie | B 25 i) 34
K, AT AR B SEORE 4 4B, DT ERUTS SRS 40 A 2 25
RO, (HFE B B3 R BT R ol i R

2 ETPCNNHEGHMEEE

AEXTF 0] UL, I 20 AR R AL TR 2 1 S Al
BRSSO ERTRARANEE L S S S S R Y S
K3 21 A5 0] UL R Al A T LRI — Kk o 25
(NSRS A L RO R R SR BN (= ST WS |
BA3EIEF R, 7EH AT WO AL B HSIZS 8],
IR HosE Bl E 5 i 2T NEUR R G
2.1 ELSNEIRIRER

FBCE Y A B B Pl A S A A AR i R Y i K
AR R 1 RS g o 2 R IR BURL D T
A /100, 25 AL R EEIR DL E &R

E,
o< = (4)

X (4) AT LA, SR EU o8 B ES5 A GG
E RIS K 08 PO 7 1) FE A E He ] o gl 38
KB, B G B ES W] DL K A 400~700 nm
Z ] B, I £L AR I BeYE B2 700~ 1 100 nm,
HATSRNFET” M, 665 KA, LA
BREE S EZ WA E R M H— G IE N
400~1 100 nmis B 4 i i £ #5451 CCDEAZ ML, 38
I AR B UE G R T v, AT LA TE] B AR BGE 214N EMER S
AR
22 ETFPCNNEZHNZREERGME

B4 B R Rl & 8, Inh s hr i 438 B
G I I LU SRR ATGE 4 AE E HAT 2 ) A DG M 1) ik
A A B PR ATAE 90K B4 G . Schaul & LR
P TInA R/ — Sk (WLS ) B S By Rl 2
PG B SR AT R AR, {HL it 2 325 A B0 3 in
GRS AR K, A i A ) ) b 7t

Ay i R Rl G AR e R B 1k e TR 1Y [
R, AR R FH T Dk bl & P 22 I 2 (PCNN) 9 2 R

E;

FE R A R AT UG b o FIPCNN UG 2R 47 Ak 3
B, B RE B K (AR R RSP A S
T PCNNI EG RS F LR

1) X — 1 G T BN J2 SR NI 4 ik, A5 BAER AT
I ABL RS A o AT 401 PG W

[Sk Wi] = SWT y(yms)(Lo) (5)

K, K=1,2,-, NERAF W HF, p=1,2,3%
TR | 3 BRI 37 1], sym8 ok /N SEIS A AR
P 2 (5) XA fal G 10 79 i LG AR N 21 B/ N DB 4 i
A3 B AT L AR Sy (D FISy(NIR) , v 451 4 75 [E11R
WEW)RIWE(NIR), B35 N (18, T L3k 38 P 1%
B s A S, B EMR (4 15 8., (HBE & 1155 1 4
K, B R 0

2) ik B Sy (D) WD /E ) EPCNNIW i A,
Sy(NIR) FIWL(NIR) VE 3 M\PCNNAI 4 A o

3) X F = MPCNN M 2% (1) B — R £ AL, 7H 58
PCNNAL AR 541 2850, -5 IAPCNNH 2 I8 1 Hi
HH R B AH VL S PCNINA 28 70 4% 422 38 P 5 K T 19
PCNN M 25 4 H 1) — 251 22 RUBE il R 4 Y u S 1)
D7 AT E A IE A, 1S BIAR UG A RE S R,
i=1,2,3,- FREiIRER

4) TR R G R B AR B, RS (AR, Ut
W5 115 2 B K BT AT PCNINI 45 H i (5148
B e KA I EURAE N e 2 By Rl 25 5

FEFPCNNHZE 2% 1977 1k, i3 5] AFFATPCNN
W 2T 1 — A~ 42 Jmy 7 2 I 4%, 3l S B e 1R
LR I o 2 = WA N = S oy LER VA St O S A =
SRR/ MG AT EE R A LA 2 R P N 2
AT NG, ARG Hb it o 1l B PR 450 R A s T ) A
2.3 ih&EE

i T EMR B, mlG I G AS AT sk e o 90 P 42
4%, A MG 0 GF- T 08 I 9 v B g O L (A
TEDE  RUGAUEN X RER BRI B DR, s gt
I A2 08 08 2 A il R R A7 - A 38 fig
THER B DR E24E , (HU2 i T Xk KR e g i, &
R PR SE IO st a0 (5 B AR .5 S EG g
W RENSAR S b fifg e 3AR [R]85

513 G UE AR 4 5| 5 GO g A R AT 08
B, BA ARG B R0 1 W R o L PR i —
W 5 | 5 G 0T i A TR A T U8 0, i i ) AR A AR
B g A RS R FRAE B[R] B, BE TR 40 4R S | S /&
H AR AR AT K S A EHGaE e, g1 EHGIE kT, U
B EHRIC A g, AN R & e &R

q;=akI,v+bk, View/{ (6)
ﬁ':':', wk%l))\kﬂ‘]qj'[? N rﬂ?ﬂéﬁi{fg@ﬁﬁ/}ﬁ H, akEjbkﬂ‘j



102 TRERESHEAR

550 4%

R PR R i (6) rTRAFE i, 1 TVg = aVI,

Jey B M R (BAIE T BT 1 ep AT T, g A 2
HIRLRINZ

SRICEAE R Car, b B, B A I (5p 5

$ 11 1 0. 2 T 1 22 A 05/l o TE SR 1R g R A
PR AR RN

E(a,b) = ) [(adi+b—p)’ +2a;’] (7)

icwy

X, el — AT 2 WESEL T haad Kot
LAk WIASRAEA (7)), #5331

1 _
ol Z Ip; — upi
i€wy

olt+e

(8)

ag =

by = pr — appui (9)
St oo o 8 oy B R 2 ABC, 02 5 40 3 B 1
w NI 5 22 S5 8E, p & B p R EE . TR
IMTREREL S TEZ A5 b, & AR W ay b (L
AR, B, S B LA T B B Na . b
TR, SR 5K g A

1 _ —
4= 15 2@l +b) =Tl +h, (10)

kewy

A7) b A Hh 22 S B /MU B 2 PR D, 4y
R PR B T A P B ARRAE, TR 3 C6) 57
LR AMERL Y, 98 45 R RE 727 RS | 3 R 2 1k
A 5 T GRS LS A AN 20

q,=p.tn;

JERHAN p
TEPH T q

ST B A

B2 SISEGIERREE

Fig.2 Guide image filtering schematic
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