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A fast approach to remove the haze from a single bayer image

LOU Jingtao, WANG Wei, LI Yongle, ZHANG Maojun
(College of Information Systems and Management, National University of Defense Technology, Changsha 410073, China)

Abstract; In order to reduce the bad effect in the outdoor visibility system in foggy days and achieve the real-time dehazing effect, a fast and

effective method, which is based on Bayer pattern image and dark channel prior, was developed to remove the haze from single image. The color

image processing pipeline was improved through this method. Bayer pattern image is the raw data captured by digital camera and costs low memory.

According to the characteristics of Bayer pattern image, the original dark channel prior algorithm was optimized and improved. The atmospheric

light was estimated based on the quad-tree subdivision. In the optimization process of the transmission map, the coarser estimation was refined using

the Guided Filter, which was modified with the property of Bayer pattern image. Finally, the RGB image, which is displayed by the device, was

recovered from the haze removal Bayer image using the demosaic algorithm. The experimental results show our new single image haze removal

method improves the image quality by reducing the haze effect, and enhances the calculation speed.

Key words: Bayer pattern image; dark channel prior; dehazing; guided filter

REBE IR G, ST H AR
T B 3 SRR M N 45 , S B AT T 1) LIS AR
A ZERALMET , h T aR WAL,
SEEUGAT L EE R %, HARBIANTG , (R R 5%
TCEIEH TAE R, 4y 5t 55 K AR #1745
AbFE, BEARR SR UG R G 52 e B f 2
WEsEm s .

FUE R R AT BRI R SRS B
B2 B AT 2, B S ST 4
RO BRI S RIS T Rk B L
TR AR A B 4l R AR 1 O 3 xR 5 ik
AT A, 38 3 7 A A AR K, R A R R ™
1, BRI O I8 BRORAR, AR S8 I 25 55 RIOR [
S [R] T,

Tan'™ 3 53 F5e KA SRR 0] LU BE 19 05 1 4 25

«  WFs HH9:2013 - 03 -31

T ARG 5 T R XS LR o %007 vE R OGHE 4
e RE DL BE S B B AE RE E E T Em KA R
T3N, KR I A S RN SR SE Y X 5 7 R
Halo %), Fattal ) 32 FH 2t 57 B 43 43 BF 14 7 12
(Independent Component Analysis, ICA) , f| F %
KGR RS, e T 5 /R A] K AL (Markov
Random Field, MRF) , 53 Bl B 10 2255, (HiX
T ESET R AR Y GE T S AR, A REAR 4F Ak
BB % o Tarel 267 5% b (0 06 A 31 K<
FERCRRAL 42 1 T — AP B 255 s (HAE
(EIE PN G ARTFIERIE , 25 577 A Halo RV,

He %10V 4L T —Foh i J €0 G B AR R | )T 30
TREIMR 55 o IZARTLI N i Wi 2 41 B AR BB
(RZEXIRBRAN) , 7 RGB B mih h &=/ 0 H —
AN AFEARMR A SR B, 7655 RIEUR -, W I,

BEEWH: HE Q@ RBAHE AT H (61175006, 61175015, 61275016, 61271438)
TEB R L (1984—) I AL RE N i F 5/, E-mail : loujt_1984@ 126. com;
HRFECBIEIEE) 5, 88, L, [ - 4E S, E-mail ; maojun. 2@ gmail. com



<110 - B BE K 2= 2 i

5535 &

R BE A 2 RSO L 0 TR EL Al TG
JEERAN 137 5 18], IR FH BRI 18] ( Soft Matting )
BB S B, B — 2P S ) R %
T B A YA R, B XUk 55 R R A T AL B
SR IEMR BAT D Halo R0

SRR I D €5, 5 B R AR T BRI (RT3 25 55 7 THT R
PR ORGSR, ARG TARMF I 255 ROCR (B i T 4K
PSR AR T b — S R MU i 2 1 7 R 2H A 5R
it 1) 700, EL A AR v ) N ) 52 23 B AR s i) B2 2 i, il
PRI R O R e, L BRA T HSEB BE
Flo R T Bk — i, R meam ' Andg ol 52 4
XA R SR A K 5500 A B A RS A
Aok B (0 2 PR BB S B O R
— MR 5 R IR B SR )5 1. il X £%
PR T 4351, SR i 30 ok B 155 1 40 B 1 X a7 i &
PEATHEWT DR AL . A5 BT I D S B AR
Pt — AR EE PSS, JRAS & 20 BT 4R
T EERCE,

FARBHE R AR — R B4R T He
LB IB A TR, (HAR I JE T B AH L fe 44 2E B
1) RGB E&i# 47, T4k B B0 S i e 72
b, BARCRAETHA IR, FLRE B I AE R, XE LA
HATHR AT K o H BTERSAEHLR ) 5% 8
LTRGBS R
REAE XA [] 14 150 €230 3 O, B AT B 2Z 18]
T S HES , 4 R 4R B g PR B . K24
TS ARPLAR R T Bayer #5320 08 I P4, 52
LA B IE . @i Bayer AL A
B EHE RS Bayer R, 1% BRI 4 AT AT ik
AL T RORME BRI AG R B X R 22 B
A FARAE T R R SIS . — A e
A A RY (N B AR AR B SR B ) S ik T AP &
TR0 T 55 A B B Y 2 A TR 2 A
AN RT3 E (R RGB EMR) (L £
IE AME AR S IR L AR e 5 T U R 2R
PEFRVE, TEMEERE E AT K5 AT RE SR 2 B
AR R, R, TR AL, 2525 5k
A SRR Z AT o

ASCER T —FoR ) 2 55 R BT R AR
SR 2 B9 UG Bl —Bayer B AT £ %%,
Xob 8 A K 7 B AR 4L PR OR FE ( Tmgae  Processing
Pipeline, IPP) #1772tk 1% Bayer EIR 1 2
I 3 A R R o I R e I 2 25 B A T ik
SRV SORHE R BRA B R0 R IR 5
ALY 3 Bayer A% ER, & LT Bayer KR
I L, 5 T A Y, O SR IBCTRT A5 I . R

Guided Filter' ™) Xt i 5 €1 £ 1T L AL, 4% Bayer
UGG ZHEF s o, X UE A4 T T MRS IE ,
FW T REFER LIRS, A T RERROR,
[, B T Bayer BG4 ME IR, HA LGRS 4
B A SO R TE— B B GE T 2B ROR

1 HxXIE

1.1 HEENTEREE

ANFEFAEG AL, B AR HLAE R A 4 0%
S AR RS R TG L RS .
Ho, BUR A I8 o2 U BRI MR 9 43 BIRFE DI RE
[FESE, AHAIL P BB 4R K T B AR 5 4k B 4% (Tmage
Signal Processor, ISP) , %f M\ A% &y H 0 I s 1R
BRI I AL B, A5 3 BT 4 48 10 HL S8 3 5, B i
I E 1R,

fRE
2 e
BT RS ARBLIE Ak PR

Fig. 1 Image processing pipeline of digital camera

N T RS B IR R R R A
o R A =00 3 3 1 B, 5 2B R
i AR LI I T ARBIL ) T 2R B R AL 9%
PRI, 2 FTAHBLR I 7E CCD B CMOS {2 /8% Bif i
BB S 8 U [ %)) ( Color Filter Array, CFA) SZFj
R.G I B =Ap i i s il %, il £ B35
(MRRBUE IR ) S0k R AR F Ar
BRI PAB A B i, i, Bayer!!”
A 2R Y HTRA T B S Bl s B, HAES O X
Kl 2 frs .

W

G|R|G|R
B|G|B |G

R|G|R
B|G|B|G

B2 Bayer B8 I 551
Fig.2 Bayer pattern color filter array
iy CCD 5 CMOS &I K oL A5 5 56 el
HUE S R 3 TR R B T RS (R A
RBP4, 5 0 2o A A e A ok B



56 ]

SERIT 55 LR Bayer AR R A P 5 05k - 11 -

T A RERE AL ISP HEATAL IR ISP A FAE 1
STCHL BB 3G 5 | e SR SRR A B AN Al
BOPEAE R i A A G AT FADL R i B, T
HORTEHBT TR LR B . FEiE ansemt
M AL e A A5 ST I SR A s P s, A
B G ERAE C A B2, 5 ISP DU (&
PEREAEX S U5 AR G N

1.2 BEREReLHEE

HRAEGTE S AL i (1 ) B P, TR H AL
e AEDE 2 U, 55 A R B OG# R AT DL
AR
I(x) =J(x)t(x) +A(1 —2(x)) (1)
o I(x) A R (R A IS 5T (x) Rmse
HE T % (Scene Radiance, BJPKE A TC% K14 ) ;
¢ (o) J2 5 55 R AE 25 A~ DX 00 o AR BE i Al A
(Transmission Map, J&5 SCRRIZESTE) , R GL A ST
F A RADE B RN ARy i i, IR0
FRERALE « oK, %509 HITET I (x) Pk
S e () A BETTRAE H TE55 BT (%) o
He 25100 3 1of 5 K A5k PR 4 0 AT 4 15 1B K
% NG R ZHU0F 6 I IR e I iy,
BRIy AR R ZHCE NS BUR R il X s L, 2
MDIE— A EEEE A EERNNRER
BT i, X TR T R R 1
X
JU (%) iefl,%?i-‘,m(,.i‘}}&)(f(y))) (2)
X(2), W T HER T B— P EEEE, QO (x) 2L
BER S x AL RIETTE X, 1R R Te s K
5, J " IS BRI O 1174 25 MR ep, T 1 5
FEAA A, OF B @ 46 38 3 38 09 K00, PRt 3 ot
JU AT AT A ¢, A SRR

2 Bayer EXEBREZEEHZE

RSO R A R AL B AR HEA T T Bk, 7E I
JE A S I R g LAtk B, S T — O T R
Bayer 1% xR L5 W PRE T k. L EE DN
AR ORISR 2 70 A RS0 @5
S Bayer # 2U & 8T 1Y I 50 o B0 B 80, I Xt
Guided Filter HEA7 & 1E, i i3 18 1E ) U8 3 45 74 5
B ¢ DML RO MO S5 R, R %
(1) Bayer 4% 3R, JEH T BUA 1Y 2 5 38 7o 1%
UK A8 Ja A B R Bayer A% X P15 0 n
A ANIREE R JC%E RGB FR .

2.1 fHitKER
Tan"> T 45 5% FH & rb 5 R 8 B A 9 RS

e AT B 455 % B 1 B R, A 35
G RERES, Hel BETREFGRGITERS
S, I S5 L 0. 19% 25 B (E i K15 25,
RS IO B 8 B R B RSO ER,
PTG RS, 5 52 3K fife i J5 (o o At o
SyHe Q(x) KNI, T, 76 Bayer #5 2114
vl TR B R A, He (1
FEEAFRE . B, A% SR H DY SR 40 431
ARSI A, % A GE I T Bayer 4% 30 [
1%, IFIIHE T RGB L.,

M BUGE SERO AT, niE 3 TR,
FHELPUAS T B P 2 58 B PR H ST B (LR R
() FHEE RS AL, YT HR NN
(AR 8 o T 38 ARSI A B R /N, A3
PEPR I/ NG M 1 1 11 0 JE 0 PRI R /N 1%
T B R B AR, 4 B R s AR
DRI IH T 3 Jo) 75 25 25 A By S (Bl 3 e ok
ERIHAT) o 3 N3 FHAE Bayer 130 1%
il RGB R 138 245 5 (B 52,0 5 HE N I
LRRALER) K 3 (a) H Bayer R{GIRL5 R,
3(b)J RGB EGIMRLE S, 4T Bayer #ak
%, e T RS AR Bayer Mot BG 15 24
B R, A R.G I B (XIMER . GHIB, k2
WEIREA=[4,,4,,4,] =[R,6,B].

(a) Bayeri@?,
B3 R RSO0

Fig.3  Airlight estimation based on quad-tree subdivision

22 BEKREYE
P 4 J 28 92 24 1 19 RGB [ {42 Bayer
MR R 2230 52 T 9 2 B R G A B 31, 20
R IEH ) RGB R I SR, A —
(I A7 S (LR 0 25 45 T X T Bayer
e 2 S o BB T LA < (0 R %
19 Bayer 5P {450 X R, 550 47 12— +14
FACE H RN 3T Bayer 1% K, 30
e, K5 Sy
K“*(x) = min (K(y)) (3)
S, Q) S LMB R A s 1 77 B 48 B

% » (b) RGB IEH%E?%



<112 - B BE K 2= 2 i

5535 &

FERSE R Bk G55 UG, K™ ()58 BE (B 43T 05 Sy
B 1 E 19 93 B 07 2 2 55 06N [R] RN Y AR 3 ik
EERORME M, AR SCR I SCHERL T ] #9754 A id
o A S SR QL (x) BRI
MR 55 VGR35 15 J5 e, K™ ]
PIETFE S 1o % T Bayer 15, 20 (1) o] # ¢
X
L(x) =K(x)t(x) +A(1 —=t(x)) (4)
Horp, L(x) A% AR Bayer R, K (%) g K K
Jo55 1 Bayer [EI1%. Xf 20 (4) Wi 2E 47 /b
e

min (H00) =1(0) min (KL 4 (1 =100

yeQ(x)
(5)
LRI (5960 T B (R 1 R 2 4O,
751
By e
A(6) A 0(0 <o) b TS LG
ML 1 4(e) o He I I9R @,
4(d) WA SIET: Bayer KX G581 05 5 (. 1

i(x) =1 —@w min (
yeQ(x)

(a)ﬁﬁ‘lzl (b) E%Bayerl&]f?\

o e i i . i g W =
- N

()HesRHR FIRE R f4, ()5 T Bayer RS R HR fHE [ (4,

K4 mEEEx
Fig.4 Comparison of dark channel
18 GE I LWL T Bayer {8505 I {4 1
AR o B 2 (142 3 A7 AE W] 7 R G
(RICRR MBS ) | th KA 1 o %5 B 6k
Zxiti A Halo 200, SCRR6 ] R TG I FA X R
B AT AL, 75 20 407 W 2 iy St . (H

AR B A R K, FEF A [B) LB RO, ek
LN ISP A TR RS

Guided Filter"" [ X %1 18 I 7% 2 L, 22— Fh
PR G A U8 A%, (HJR 7 3 SR B I B8R T
ML UE e % o A SCHR A Bayer G5 2 HES R
B, X) Guided Filter $EFTEIE , i HfR 9218 A T 3%
T Bayer KT &S #1781, Bayer E{%H,
R B Bia@iE 12 Z 808 RGB BRI 1/4,G il
G ZEECH RGB B 172, 4nl&l 5 i,
I, FIIH Bayer EMRALALHLIE 5T 14, A58 24 95 J5H #E
AT LAVED AT ) 1/3, Al DA R R = Bk is
pidi a8

Bayer[E{%

RGBEI{Z

S Bayer E{2%% RGB K&
Fig.5 Conversion from Bayer to RGB
F4f Guided Filter J5i3H, 7E LIR 2 & « Jyrp
ORI Q(x) N, LB S «(x) LIS
L(x) A G
t;=a,l, +b_,
Vie(x) (7)
Hop , RMERE (a,, b)) TEARIN 02(x) Jyii it (H
£ Bayer [ Bdliic sk S 0 & 07 5,
MERALENGC A PEEIE B A, XT
G o, BRI IUARIN B G BEIEIEAFAE , X
T R I3 B Jpi TR E AT /NGB A AR B AR
[vi) 00 €0 8 3 AR R AP TE . R, 6T Bayer 4]
R Guided Filter fi k3% 5t 14, 5 ZEAR IR R
R x JUT ) A e L T I
DMER i« J& TBUEEIE B O, Ud 9 X
Guided Filter B4 18 1E 1 .. £ Bayer E{% 1, 2
(7) Al ik Ny
t;=al;, +b,,
VieQ(x) & color(i) is B (8)
KT GE /N ¢ RIS S P e 2 T 1 22 5]
i A EE K AR (9) 133 (a,, b,) NS
(10) 7o
Fla,b)= Y, ((a;L(i) +b, - 1(i))* + sa;)

(9)



55 6 34 S 45 L BAE Bayer A% 2R A DL 2258 0y vk 113 -
1 LG i 5 T R KB AR
Qg e FEA LA S, 5 AR 2R, A
@ = o +e SCEL A PR A Bayer [R5 5 2k VE IR % , e LA
b =i —ap, B 2235 N 9 R

Hort, Fl o2 2 LAEARIR Q(x) WBIEIEIE B {3
FGE MR 2, 101 K485 & T3 (58
B IR EARL 1, 2 1 EARR Q(x) 9 HE

352t (8) A= (10) AT LA S k3B 5 ¢,
] 6 97K 37 A He J7 Bl 10328 36 ] 1 B 24
GEL X H R SR T AR SO T VR

(". II

(b)Hefli it iyt ()AL AH T

(@FIRER

K6 SoEBMALTTRE A
Fig. 6 Input image and it’ s estimated transmission map

FHBRAF R R A GBS & ¢, Al LA
TR ICZ 1) Bayer R, O 1 3k B 1Rk HOA
SRR A A O B I SR BN o,
i (11) RAFICSE Bayer G it 5 5
T HE LRI G AEER R RANTFE
RGB &1,
__L(x) -4
K = o (i(x) 1)

3 ZWHERSNH

MBI R R A, ERAERS N
Windows XP ) 23 8200 i+ #1 I & T Matlab
7.8 HEAT TSI, I DR 0 BRI SR R P 7
[f], % He J7r i FIASSCREIFT T K
3.1 #MEHR

FIFAAS SCBE 0T M 1T 30 K e 25 R aF
TTACRE, Ry T R AR BHALAL , 512835 43 R 4 Ak
PRSI 7 ~ K9 fin, B 7(a) ~E9(a)ly
JRIG A 55 &, N T 5 He BLEATR LG, 18 7 (b)
~ & 9 (b) ik Matlab %145 25 B4 #1740 B, 55
BT IR BT R AR 1Y )5 4G Bayer #8205 &
7~ 8 #(c) F(d) 7 lza i T He SR FIA L
SR TEAL PR 25 R I B X6 U ASCR, , AR SCARVA A
WS X AL 3 E AT He 5535, He SAETEAR
ACKHIZE S PRI B, Ry 1 DR k3% 1 5 D s SR R
RO, 2R T 42 R IR S BORE e AL PRk
T DX SOR A BRAR . Bayer 4% X 8115 2 CCD/
CMOS A/ 5 IR %4, AH H RGB BRI =, &
PRAS L B0, AR SCEE T Bayer A% 2 IR #E 4T 25

+A (11)

WA,

(©) HSEHERFLIR OFFEEELER

AR

K7 KELRFBRN L

Fig.7 Dehazing results of a train

() BEER (b) ff ELBayerElf&

(OHH R REHR (DAL EERGER

ARTT

K8 FBRMEFHRN
Fig.8 Dehazing results of forest
T AR A, TR S g 2 2R
FTERME M . W T 5 KRR IE 5l
Gefm BT (E BRI HUR, BUR L Z R EEH K
AR R B A5 15 ., B 5 R I T



<114 - ES A sl N 2 1

5535 &

ORI SBLR
K9 ANEFHORX L
Fig.9 Dehazing results of New York

AT L ANRS FUIE o AN SR P32 6 BE XS S 45 R ik
B WE R o P IIHBRE AR BRI SR K
JE B2 5, I 22 S5 19 /N BT 1 27 G R
JE o SPIRE REBOR, S A5 B E B BO0B0E
Mo HAtE A=
= 1

CE D ((N-D & &

J[lml,j) —1(i,) 17+ [1G,j+1) —1(i,) ]
2

(OHeEEEELER

M-1IN-1

(12)
o G BRI V- BB 1 (i, ) Foom BUGAE
(i, DAOLERKBEE, M N 353 2 BB 54T 4L
FLEANE 73 RIXTE T ~ &9 19256 G SK B
PIRBIE X ELAE RN 1 P
R1 LWERMTFHBEXLL

Tab.1 Average gradient comparison of experimental results
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