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Aerial image dehazing using improved dark channel prior
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Abstract: Most existing dehazing algorithms suffer from under-or over-enhancement, color distortion,
and halo artifacts. An improved method of atmospheric light estimation using quad-tree subdivision
and an improved guided filter were proposed to solve these problems. First, a more faithful estimate
of global atmospheric light was produced by quad-tree subdivision using a non-overlapped dark chan-
nel. Then, the reasons for the existence of halo artifacts in edge regions were discussed and an adap-
tive weight was added to the guided image filter. The improved guided image filter was used to refine
the raw transmission map. Finally, based on the atmospheric scattering model, a dehazed image was
obtained using the estimated atmospheric light value and refined transmission map. Experimental re-
sults indicate that the color of the dehazed image is more reliable and halo artifacts in edge regions are
reduced. The proposed algorithm performs better than state-of-the-art haze removal algorithms in
terms of color fidelity and detail enhancement.

Key words: image dehazing; Dark Channel Prior(DCP); guided image filter; halo artifacts; color distortion

B HEE:2019-11-26 ;11T H #3 :2020-02-05.
HEEWH :BRXR AR FELS T H (No. 61705225)



1388 e KE TR

5 28 &

1 31 =

AL 23 6 HL R R A8 A SN TAE B AS AT 3k A
M2 Z BRI, 155 58 RAFMT KRR
I BT R TR A R R KR A B AE ORL N R
43 14 D' 2R R AT HECSR A Wi, 3 B 25 0 L LR
BT TR AR RGBT R . R b 1 B ORE 1
BEALE 3 E AL AR A RO, R B AR
8 DG R TE R S 4 b 1 v 4 B 1 408 T 5 1 3
T 24 A 38 285 Sl 5 ) I, R0 v 3 o AORE 1) #8028 '
SRR LR FSUR/ RN IR 1D - A LI W N it
2 3 T T AL A R W) L B A R R B - BB
Xif L JE B ARG S0 BB AN ¥ L S 37 5 B i IR A
1525 58 XU T 3l 3R AT =S R IRR B i 4022
AT IR WL o 23 52 el 21 25 O H AR &
55 ) v A L BRI UM A5 % 2R RE AL BOR Y IE
WA PR WY R 2 5 R i B R o 2 T
PG B o 8 M 1R A P R AU AR P PR A S v i3
AR TAEERE A & 12 T 58 3 SCR A 1A .

Bl B R 2 %5 07 i UG T ORI R
10, 3 )8 S5 36 (Color Attenuation Prior, CAP)™
L2 50 W WL & AT 55 (KT A0 58 R A A EE 22 22
55 14 Ve B2 A AH G 1 o T 57 B A R B2 22 2% ok
fiTH o U B 83 2 ) 1 5 45 3R 25 KR 1)
R IR H Sk £ % . JE )R #5 5 (Non-Local
Prior, NLP)" 28 558 92 56 & 90 JC 55 AR 1 231 € m]
PITE RGB %5 [ 52 X SEAR R AE S5 I B2 ) T 2%
BEMURACN AR — R FFREL E—5
55 3 2k R 2R B A0 1 R B FN 55 14 VR B R TR A
K, HH 1T L% . He £ 7 —Ff T W5 38 8
#5586 (Dark Channel Prior, DCP)'™ (i 2 % J5 .
TS RLAG T R AR A% B 1 AR ) T ARCHK 1 D
U ECE G TR X b A% AT AL %
AR EHNERE X ERE T2 EFRERE
FeF AR B BRI X 2 VR A —
AN [R] A 1 B 25 55 )5 R 25 5 7 AR 6 2 B0
HEOEERARLR.

AR SR 38 I S 5 B X R SO Al T
Koo | S UB AT T R . d A R S 00 I
et IO SRS AR 73 B J7 v R SRS BRSO
1B, IF XS 5| S 08 P 4 th — b B 38 AR P 1 O
204 S B AT U0 AL LAV S5 O 2 B i 1), 52

B4 2R %07k R RE S B R AF Y 25 55 ACR L Bk
5 I 0 3 ST 36 B 0T DR TR AR (0 ) A £ 5 T ke B
BTG I T I 36 3 2 6 5 B KT8 26 55 9 1l L O
Hoal DA e AR .

2 WFidiE RAE

2.1 KSEHHER
FETHEAL GG Tz B T % BHR 1) R
BRI
I(z) = J(ot(x) — A —(x)), (D
Horp o AR R AR T RS R A % B % . T
(O RLEFEZR A ZE2 R KRA0O0. () &R
.
2.2 BEEXR
He %57 F 3 KB T EUR (M KA X
OGS K B TE %5 G b R 22 B0 Jm 31X Js
B — U5 P AE AR Bl 0 B 4 0T T F 1R
o HET U, AR T A S Y AL, B T
R T B 3 E ] DL S A — A R
¥ DX 3 2 ¥R AR R Y i/ MEL
Je%(x) = min ( min (J°(y))y, (2)

cE{r.g.b} S yEQD)
HQ BU o Aol —2Ean. g &
i — e T I RGB B GE & , ™ 2 W iE 1E
K&

I 3 R 55 f) v BE TR TR A OC . Hee 55 P 1k 15
I F ST 0. 108 R X ER R 2 %5 fe e i
BE I X LR Hk IR T b B e R
MR R A RAOCI A THE . SR, 52 1 @I
FIRY 5 WIE) o O 30 S 12 9% 55 i vk ) DX IO B R AR

He S BBETE Qo) 4538 P 1% i {5 3 8%, i

St Coy %2 (D ST I 0k 97 115K B /M HLE
KRESCHAETE A KR L ATE .

;(.T) =1— min( min Iy ) (3)

ve Q) \ € lrg.t)  AS

R HEAAXND R, LF RG2S
HH B 8 B K, PR e He 25 R AR &1 X
HAEATIEAL L J5 A A B 18T 48 i 51 S 8 i ok
X I A i PR AT DR AR X R
AR [R] IR 57 P AR o el 6 B9 X 0 P 2 L 1 2%
AJ B 23 JO kA0 T U 2 AR AR

Z " I L Y T L 7 A e )
B R SOEAG T I7 1 » LU He O Al 1A B




%64 LR Y §ii

B A s s R L% 1389

[, 4t — b e i 5 S 0 R A% i 1 i A T
PEAC LA fif Tk O 2 2. A G Ak 5 #0 4% 4 1
() BFEEB T (O RRN
I(x) + A

max(t(x),t,)
A o SE—AB IR 0 1 — AN FRAE . A SC
hEE 0.1,

J(x) = +A, D

3 AXH*

3.1 KRkt

He %7 15 4o 7 I 8 18 o 2k Ui 22 19 0. 1%
183 R T DG v i IR B A o (B Ol KOk AG
A . SR A2 F1 @)U 52 ) 155 38 38 1T B S A
TR 1) 6 H 557 S5 R 1) DX 38 AT S B0 1R 1 RS0k
fhTHE XL ER T Re & A Bt 4
Kim 520 %645 25 R AT DU SR 4053« 5 I 4 B
14 B vk B KT S8 1 19 F e PR % T B
7 09 SR 2 43, T 52 20 B 0 2 Ok B 90 1R U
M ECH 1k . SR 5 #E I e 7 B ik B — S
(255,255, 255) /Ny IR 1 B8, ) = 4 O RS
R THE . SR R R A B XL X
AT RE S R AL T RSO & 1) fir

IR AT BN AT R Y 1R O SOGE L A SR GE R
SOLIRIBTEAR Z5 R 1 K 43 D8k, 1y L 7E =y &
DB B R R B e 1Y . R RO RO X
PS5 T s AR S o % — A~ ok i I ) I O R R
HEAT VU SR A0 53 o 32 000 E 1) IG5 3 T 5 L 2 I i 1
B4 DX S AE T 32 B I D B 3 R R A A AR
HERTH Lo X AT Heoh i Box A7 Herp
AMEARE XA 7 He v Bie A (R DA T A5 3 etk

F%) I 18 1
mm (mm (). (5)

]dark(x)
ragsb} " yeL(x)

iZ%ﬁ%jvJ\W}é%/Eﬁﬁ PRI RT S 1 1 1 Ok AR
LW e 30X 30, & 1 (o) R Tl i 2 (5)
WO S R R E DA R LR B el S Y
i L R R - PF B(E A 25 5 Ay 5 AR
FEIZAR B 7 1 v U SR AR 43 T 9k T Lk B
Ja] 8 B FE R AS RSO A ik XSk T L[]
TCOF #2177 16 2 UK 25 XS0 oy i 11
6 356 X388, 12 07 1 B A 32 3 RIS A 5
BT . 7E B A o X I 0 1% R s A S i vk
HU— A~ H1 (255,255, 255) e /N B Y 30 €0 1) A
RRAICHAG A B | (ro gy b) — (255,255,
255) || o M F/ME 5 4 (255,255, 255) /)
BB, AT DAL T AT R RSO THE .

(@) EZEK
(a) Hazy image

(b) 2RI R AR 43 77 1

(b) Conventional method

(o) $2HTT
(c) Proposed method

B1 PG A SR 40 (0 DX Ay o5 26 3 5 X3
Fig. 1 Blocks filled with red color are finally selected region

3.2 3| RIRIKKI
G PP AT LI BGOSR GL 405
Hod R RS PG LA B T —

L A A8 0 A I =1
FEAR I 2 R TR £k PR AR Y .
qi_ak1i+bk9Vi6wk, (6)

EIER/ S INPS



1390 e KE TR 5 28 %
Horp TSI SRR . q RIEW T w, RVUMEE £ 0,
A e NERE—ANFTEE O a Fb, WA G, TEMR YR YR R SR K B = AR FE BN OE
TR we FHISME RB M R, B AR R RN G E B R . YR R T

SRR AR R RAE T A 5 BB T AL
2 SISO IVAIUE T SR QR A ER S U R ST I
Pede— M PRBE PRIV UEBEAS . BT HE R B
NS S JE L X3 08 e e L3 1 08 e T L
HH IR BE SR RN . 51 B I L R @ N Dy
A DL 3 e MR SR ECay 200 AT
ECab) = D) (Capd; + by — p)? +2al)

D)
HAIENEZE A FIRBG Ak @, K. SR T, i T
G IR A SO B E L 251 IR B T
T PG I A 2 () A - 3 2 5 R LA O
Y A S v v i N e SO S R R o B PR V¢
BEARSCGIAT —A> H B WAL E @ S fiff P IX A~ 1]
FL 3 W ASCEE PR T LU 5 AN () B9 0 ok 3
TENAE S B, PR A AU A 5 B Y AR R AR 2%
If A A B9 AR T AR 2 G A SN B AL
17 P8 A 88 £ JE AT DA 2 X AR BT L i
WEALH T o BB

G
i

%) .®
Hr . CG, Bl S EMR T AR FR | AW BE
{5 & 2 B B 0. 05 X L, BI{E £ 2
R PeE & R R S AE I g X k. L 25 A EME
FESIEAS AS/INEYIE F R FH R B AR 53 B

¢ = e+ sgn((G, —/e)<

:ﬁil%lsS 7El-l‘:4‘

1

(@) BZER (b) A mIE
(a) Hazy image (b) Raw transmission map

CFESuke JN Pk SEPSY IR TE Y EIERTN PN
R AGAT BB MR R ARG AE ¢
BN R X 2 A5 BN Uk

K A 38 S ACE P B AE AR R

ECaib) = >, (<a,21i + b, — p)? Jr;aﬁ),

[Ewk
(9
%l%%?ﬁﬁ’ﬂ%ﬁ%ﬁ ap Kl b AT ARG -
‘ Z i€, i /lkPk
, (10)
Gk _'_*
bk - p}z 76”./1/?, (11)

Foof o Mol S HIHE S B R T 15 w00 0 H
R 2 | S1E o) P IOIREH o= T Diee,

|

B o T op MBIME. OS82 5] 508 W&

B ar F1 O, WOME U 4G HH R g0 ] DL =X

A2)15 5 .

g = a1, +b,. (12

Hy T 15 3 T8 2 9 1) A7 B 1 R A RPE R A %

Sy VAR B 5 3 T S R A . AR A% I AT D

— O AW A B IR AL A TR . AR

i ORI R AOGME A Rl I8« (o) f HATA
A O RIATSRAG I JR T (o) Ak 2 s .

(o) IR IR R
(c) Output transmission map of
the proposed CG-GIF

(d) ZEEIG
(d) Dehazed image

B2 TR I A S B e s AN 12 i 1 Y [ e

Fig. 2 TIllstration of the proposed improved GIF by using it to refine the transmission map of a haze image



£ 6 0]

#5254 L R G

Bl AL KR %5 1391

4 R

D9 TR R R 5 3k A Ao . B R B
25 55 B X Z A AN TF 1A 55 R 2R AT T8 b
B S SR ol AR S 2L O — B I R S Ak
RELE. 5 MR T8N EFRCREE
WLV bR 1 FE AL

4.1 EWFEM

FEARTT 48 H A U8 2 5 51 5 08 5 LA B AL
G PR P AR R ST T AR T ATl
UL BT IR AN AR SR A . A 3
A LU AR SCHE A B8 I AR A5 K22 T R A Ak Ok
S RN A BT A O S PR A AR B 51T R B A
MRS IR o 3ROk PR RE 5 = Fh
B BEORT ) 25 55 SRk AT i s R SE R ACR T

(a) HEREIE (b) AR SIBMAL BRI £ (o) FIINELS | SUBMAL BRI (d) FASOIR B B B 21
(a) Hazy image A EEEBR EEEBR
(b) Dehazed image by GIF (¢) Dehazed image by WGIF (d) Dehazed image by proposed
algorithm

B3 g5 us, AL S| S 08 R AT A 8 45 Ak BR 1 K 5 AR LB
Fig. 3 Comparison of GIF, WGIF and proposed algorithm

(a) PUIEH 3 (=18 (b)ilid CAP BEIy%E (o) @id DCP FEIy%E  (d)@id NLD BEIE (o) @i Ry B EH
(a) Four haze images ZEG ZEG 4R 25 EER
(b) Dehazed images by  (c) Dehazed images by  (d) Dehazed images by  (e) Dehazed images by
CAP DCP NLD proposed algorithm

B4 PSR FSCRRIS-7T I = AL Z 5 i LR

Fig. 4 Comparison of the proposed haze removal algorithm and the haze removal algorithms in [5-7] via three haze

images



1392 7\%%

G T

5 28 &

B P S 05 T A R X S Bk R SO
WE R RES M. WK 4 LA 36
TR TR 5 AN M 1 DL T 25 RUR i 4T B AE
FUWHITEOL T BB RORE . XEH o« ML
TR0 28 B AR 1 [ Y o 3K S {0 2% AR 90 i A
PR 55 1) W B2 oK A G N 9 B . IET 4 (e mT LI
A W e T oS I R i P S
KB EZHCRATE W . WK 4D AT LLUE AR/
TR eI 25 55 WOR H H A 2% 55 00k T 4L {H AT g
RAFIRIE R R REBNEEL WL, X

HBORE, AT UE AR SCRE S A T A%
FRR R F RGBT 5 R,
4.2 EREH

P 1 JRIR T AR BB B % B
HAVEA AR A AP AT U 4 S ) B
B eor FIVM, X F 6, 82 B4R A
SRR R AR A SR . N TN 8 bRkt E
KT B 0 B TR R 1 R A 2 T R
WL » A H BB B S I R A o fH X T A e R 22 55
J T R B S 2%

F1 BEWITENERLEE

Tab. 1

Results of height measurement

(mm)
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