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Image Dehazing Based on Priori Guidance of Depth of Field and
Optimization of Ambient Light

MA Wen-gang,ZHANG Ya-dong, GUO Jin
(School of Information Science and Technology , Southwest Jiao Tong University , Chengdu, Sichuan 611756, China)

Abstract:  Under the dark channel prior, there are incomplete edge defogs and loss of detailed information. There-
fore, an image depthing method based on a depth guided network(DGN) and optimization of ambient light is proposed.
First, the foggy image was restored to the initial clear image by using the image deblurring branch and depth of field prior
information in the DGN. Meanwhile, the depth of field information in the image was extracted. The depth-of-field fine-tun-
ing network in DGN was used to restore the boundaries and structures in the depth-of-field map. Then, the spatial feature
transform(SFT) layer was used to transform the image iteratively. The purpose of transforming the fine-tuned depth informa-
tion into image features was achieved. Moreover, zooming, panning, and initial clear image features were merged. Depth of
field guidance was used to optimize the original image. Finally, the dynamic ambient light was refined and used for image de-
fogging. The detailed information of the image was further optimized. The purpose of the restored image with suitable color
and higher contrast was achieved. Experiments show that the smoothness of the restored image obtained from the subjective
comparison is better. The dynamic ambient light optimization can enhance the detailed information of the image. Images
with better contrast can be obtained. The mean value of SSIM and PSNR obtained by synthesizing foggy images is 88.78%
and 22.98 dB, respectively. The average value of the detail intensity and the color reproduction obtained from the real foggy
image are 0.436 8 and 0.794, respectively. When compared with other defogging methods, it has the best performance index
and the shortest time. Furthermore, its advantage lies in better real-time defogging. Moreover, it has good robustness.

Key words: depth guided network; image deblurring branch; depth refinement branch; spatial feature transform; dy-

namic ambient light; image dehazing
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kAR i, B 404k 3 B8 6 kAT Atk £
SR IAA S — BT B 1 L Ath 9 o 75 250 %) S o 9 2
{ELAE 354 U 0 st 175 A — , i, R4l 3R 58
Af S i 0 O 25 38 K (6 (a) () (d)) , T B A s 2R
B Y e St 5 22 (6 (a) (¢) (d)), H I ] 422
WEWT T A AL RO RO 5 58 = 4k PR B AR B1 Y
W BURAE TR ER K (E6(a)(c)(d)), HiEp
=0.9 I A8 R et (F 6(e)) , BRI 6(b) b =3
) - T 4 2 A 22 A8 K, E AR 2 A AL SR B /DN,
P& 6(d) H B AR R I B8589 S 1 88 2 7 B se i L R
INF AR B S B R o FIE B S AN R i, 2k
WS R 22 . T AR 6 (c) T s 44 BE e A, 44k
IRBE N A - W 453 2 M 2 Bt 2 0 A QR B0 i — LT B
PR Sy 50 25 L 28 RUR 43 B 6 IR U R (45 18115 v IR 4 )
KA G REAS A 1) 1L, DR P i A de /N, 22 55K

0 5 mpewcs 10 15 0 5 10 15

B
(a) p=0.7BF AT R AT LY (b)  p=0.8 I By -1 45 I X L

[~
— HBSIFAL NG
= AR

SFHHRR AL

10° 102
0 5 rousd0 15 0 5 10 15
EACKHL AR UKL

(¢)  p=0.9 W f~F-F i S5t L (d)  p=1.0 0 A0 2 5 HE
FEl 6 N[5 EIE A1 5 R (o He

E S rd

PEJXF G, St 2a th 1 3 0T iy SR K R
JE G (L T). NI T R R 25 f 20 AR AL 3R 5 e
255w, AL B0 S B 55 R e i, i 7 () e
IR GBS O, W LA Hh AL 2 5 I BRBE R
Joi HAZ DR B IS B, AR AT

(b)  ARMEHIFREDE

4 BEBRERKLESITIE

4.1 BEBER

G SR B T i 2% 5 45 2 T 40 46 5 b
FIG T, (x) 5 4RI 50 B, ARYE B, R (2) 118 iE
S 1), LB X640 s TR B PR R A T R B et AL A B
TEA S Bh SR O 2 5 R (1) 13 34 & H K
B J(x), Bee Rk

J(x)=J, (x)+ [

4.2 ZIHERITEE
4.2.1 AXFEEZNRIEIE

K8 94 ih 1 SiEA Z5 BUR A A SO 2%
FYRICR ], DA ETRT A2 5 i P15 %) TR B 82 5 0T LG 40 45:
B TR KRR B e 55 X I G 0 2 4 1 {5 AR

1

) —1}[4 ®-0] (16

(c) HIMEEREL (d) MLFEDL () HHEZR
7 BB AR T L

R RAF, RS X 2255 2 )5, A 7 A IR B0 e 15
RE. IR T ASO k25 PERE .

N T Bt R SO R R R 5 A
Yo S TP LR LS R - O
i A 55 P8 00 ol A TR B oS24 (11 10(0) )
TE 1110 (b) Sk L A1 15 4098 20 S A (181 (o)), 78
Pl () Bl 1 HPHLIE PR 500 2 55 (181 10(d) ) B AE P 10
(d) Bt AL B AP EEE 555 (K 10(e) ) fF L T
HEAT L5 XL . DNIEI 10 AT LU Y AU FH 2 B003 43 32
DA IR 52 B PEIAR A e 55 X B2 55 AN, IR A5 1)
RO S IRIBAFAE , HOR 25 ISR IR, BEA A ik
B LSRR s R TR 46 7 SZ AT s , St
(FE10Ce) 25— MR ) i S5 A X s, R 23 X I 22 iy
H R, 5 (B 10(e) 28 IR IR o K 43R 0 e 55
ARS8 20, 2 e b ik 55 DX B A 25 T L R
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TR B s ANV W FUH sh BB 2R kA
JeJE AT AR B 54 (1 10 (d) 85— g 18 G 28 B
B, FLOG R SR B el B, R ] LA 31, 300 Ak i /]
1B A5 DAL B U (LTAERRICER 7). = (1 10(d) 55 —
W L) RGO B B B8 B, 5 ol O RS IR BT, BT
PLR 25 K Sk B 78 it s B A Bt anfb s |, g
IRIR O BT, G AT 5 B RS B — 1 2R
(I 10Ce) ZIHERRICTRAY ) | 5 5 LG RA T R AN AE
halo RN , B CEGHIE T AF A0 TR (R Bk
4.2.2 ARBEEGTLEE

R T 2 B UE TR T A SO SRR R T 2
5 AT — B 2 ML) iR R LA R AR . F A He Iy
1 (Gibson /1% \Cai J7 ¥k FETUREE = 2T i SCHk (18 171k
KOCHRL19 1Tk . SE0 v S te & i 25 BUR Ltk A7 Bk
ITIE I S5 X H , BRI G 26 43 3 A e 1) R 4 X 3k
Sl (LS5 IR 11) B (55O LK 12).

X RS X IREoRk U6, 2RH He 7 ikilb AT 55
BF, AR RRAE T BR ER P 5 TR, BRI BT,
RZ ] R 28 XS 2 B AR (181 11 (o) 156
— I D), A s EAG R B R sk (TR 11(b) RS — 2R

9 ARIOTFEERERAR

SR 3% IR A R RO T AN HER S B .
K H Gibson 7 iEEAT 255 06) , R X HE BE 48 22 He 7
U AR AT LU AR R R B A et B 5 (& 11
() — D), b RS AE7E BRI . 2R Cai 7
Bk T KR, 5 He Ik —HF , B R KGR 0 8¢
IR AE R Lt He J7 WK A2 0 R T b v, HL LA R4
W5 BE ARG R 28 DX I A 7 Ak BRI, A7 76 7™ 3 1 i € B0
S (B 12(d) 958 = D). R FHSCik[ 18,19 ] 7 ik i
PRSP T 3T N 45 I gor ik, H it
RS, 2 D UG 3 O R s (11 12e) () )
(S 2 B AR a0, 250 ik 2555 (I 52
(F 11(e) (N HEE—IRED , HRAS IR B e ah 529
AL PR 2% (B 11 Ce) (N BYEE =), B 11(g) KX
12(g) J& AR SO L SE Y 25 25 8508, ST LR 5 v A
Fo, AR SO R T AR Z 4071, K28 IX I AL BRAC T, 4
R A A S X e, A P AR R A, PG R R S

FEWXT AN DAIE B AR S5 ¥ % T 255 B A R
P . PRI AR Sk 252 35 B ) AR (SSIMD) 5 05 {1 15 Mk
Lt (PSNR) XT EGR Ak S E 47 2 WLXT FE A, 28 WX bE 5
It RANE 5 FK 6 R

(a) &l (b)  HEMLA (o) @)+amAtf (@) (+HIESIEREDE (o) (d) +AkAI DG
K10 R RO L
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(@) JHEA (b) HeJyik (¢) Gibson J7:

(d) CaiJitk (e) SCHRII8DTHE (N SCHNODIEE (o) ASUrik

B AR HEFRCRRT L)

(a) R (b) HelJjik (¢) Gibson J5i% (d)

Cai 5k (e) CWAOSITE (N

SCERLL9T . (g) ATk

12 A 20 b #5152 4)

5.4 6 A 1, 7E PSNR 48 #5 % b6 5 1, B4 1
3% 1) PSNR E# L 5 AR, 3 J2 B ok 4% 7 ik AN [
TR = A T I 8 IR 4, AR SO VR A 5 — i LR
PSNR fH W /N F3CHR[ 19 1 i  HI R F H A SRy
e, M TE 53 40 5 8 K44 (9 PSNR X L A, AR SC Ty vk 8y
A fie i B PSNRAH , X 5k R A S ik L F IR 2EM
XA, BB A% 35 KR Mk A RS i 0 5 {5 8., K 5%

PERERCAS . 76 SSIM 48 b5 X 1L J5 1T, 25845 6 i 141 45 %
FEORF , A 37 1 52 I P51 SSIMELISUAT 55 75 i ]
WS AR T SCHR L 19 10735 (8 53 AP L B8, AR 3%
FI ) SSIM A 24 Fe vy, PR ~F- B (it e vy . Xt R W
S AR IO X BRI TR e S KR,
S B AR X B . SRR AR SO R A
Rtk
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x5 AMBEZEBRIPSNRIERRITEL/IB(T)

Image He 5% Gibson 7712 Cai ik SCHR[18177 1 SCHR[19177 1 KSR

1 14.6150 15.236 5 17.742 1 19.325 4 20369 8 20236 5

2 16.325 4 18.965 7 19.658 7 20.365 8 21.468 8 21.325 4

3 20.365 8 20.658 7 21.5897 223547 22.698 7 23.658 7

4 19.647 8 20.674 8 21.6952 22.968 7 23.654 7 24.365 4

5 21.657 4 21.968 9 226397 23.658 7 23.9622 24.654 7

6 20365 4 20365 8 23.648 9 22369 4 25.365 1 23.643 2
*6 BHEAETEGHISSIMERTL/%(1) SR ), 2 A R X A i g B 5 (K] 14
He | Gibson | Cai | SCHR[18] | Scik[19] | A ()55 =R B, PRt 25 25 A7 AEAR KA Jmy BRPE . Cai 7%

Image

DIRES DIRES Jrik: DIRES DIRES DIRES

1 75.16 77.36 79.45 79.45 78.58 82.58

2 83.23 84.32 80.56 81.16 85.29 88.39

3 84.65 84.78 86.78 79.78 82.69 89.63

4 79.36 80.56 83.52 85.38 86.38 91.45

5 85.32 86.42 88.23 87.74 87.89 94.26

6 86.34 87.62 87.51 88.63 89.63 86.35

4.2.3 EXFEERGIIEER

K13 18 14 4 B S 55 BRI R S5 RHORR . He
D7 LR AR — o Heilh b AR BRI BRI B IX.
BR R SAETE R AR A I (P 13(0) 28 iR &)
HAKE A0 68 S22 (R 13 () 55— = iR IK). AT
He 771 , Gibson J5 1 25 55 e 06 (1 45 &2 I R A e
F%E EEE (O 13 (e) 35— ), B 23 (45 UG A A 2R
BEARKI B e 25 X35k 2 25 NI A5 ) R (TR 13 (e) 35—

(a) JAIA

(b) HeJyi: (c) Glbson?‘:?/f (d) Cai )ik
K13 FEIEY 16 507))

AEXE A 9 b A5 30 1) 4 T G R AR IR ey, L
M 13(d) AT & Y, G R 58 B3 R B R i 24
TERKZ AW T MBI~ 5 G 147 B, 34 X
BAFE AR (F14(d) SRR , 7T LLE R KA X
WA R AR 55 . SCERL 18, 19 ] 07 1L 3 T ph 42 W)
I RS Tk G 2 S5 R0 LU 3 Fh 5 vk 4, 4 an A
E13(e) 5E 14(e) v F 2], SCER[ 18 1 ik & 5 B4
FEARNT LU B A R Ve 55 DX R 55 AU B [ B Al T
ME 13 () S5 E 14 () F 2, CHk[19] 7 1538 0] 14 bk
Gibson J5 % 25 25 1Y 28 BE 500 ) R, 45 31 1 MR (6 % 18
B EE TG I U AR B e D B LA
() L, 2 Fh 7 sk A A AN N, Sk [ 18 14 i iy [
1A J& S R R 7 AR 0 B 5 (IR 13 (e) 27 — 1 %]
L 14(e) S MUIEE) , SCHR[ 19 182 IR BUR SA7 78 R %8

X 38k 55 S A BEOR S 4 1 ) A (R 13 () 2B DU ). &1 13
(g) FNE 14(g) WA SR BB 2 358501, i ] A,
AR E T B BIAR Z 407, (145 UG 3 &
U BRI RO R By DO 2 SO = R [

u._...

(e) SCHRII8ISHE () SCHAODIEE (o) ZIU‘U'J‘/%
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(a) JEA (b) HeJ7ik (¢) Gibson J7¥:

(d) Cai 7k (e) SCHRLISDHYE (N GO (g) ASTiE

El 14 HEIEHY 207 RY)

T3 18 AR SR R 4 R EUG A G R B R, 74 3%
255 WY R IR 2R L f /DN () I A D 10 44 ) A AR UL
PERCRALS

R T RIS UEA S R X A 5 R K5 1Y
PERE , AR FH 2 WX LS B UGT i £ 55 1ERE S8
AT SRR TR IR 4, FOREUR
B R0 20 Y 5 B ol Canny 307 K6 I PR% 4 141 25 915K
Hs G B A, TR R R B EE A . 407y os i
(B, EIAR AN T Bk Gy, HL UGS N M . 2040 58 5 1Y
kA

A = h (17)

ORIL IR B IR

> (hi=h" Yh,—h)
M, h)= k (18)

/2(11;:—/? Y (hy Y’
FOP BB A by b ORI FE RS 1L
M B, BB R R 2 £ R
K 13 14 (922 FHREAT F 3R % S 5O [
VBT BN T (AN A R T AT LI

YT 58 B 6 b, SCR[ 18 15 Sk [ 19 1 v ¥R
P2 A TN RIS T AR 32 1 A, AR Rk, Herp
5 = DU R 4 (E, SCHERL19 )07 Y m T AR SOy
2 AR ANUIR EUR S B0 A4 A8, AR SO R RR .
WEEERE  ME T He J772: . Gibson J7#: |\ Cai J7: K 3
k18177, A SCE IR EHR AT B I A (e K, A 2 0
PGS /N TSR [ 19 ] 75125  ARJR A SO IR AR 9 iR E 4
13BN F-349 A (I S A X WU T AR SOy B3R A
B A2 I G A0 T A B dne e, LSS5 MR BB i (0
S JERE X L &5 S, He 59 L Gibson 7 45 I Cai /7
BATEN M (b, h™ ) (AR 22 AR K, X2 i T 3 Fhor ek
S B vT BEAE E B BERL N K R AR,
PR I P 5 i S 0 4 {5 A B K 2 Ok, 3 i
RE I8 55 5 T SCHR [ 18 ] 5 SCHR[ 191 )5 ¥ AR 15 B 1)
M(h,h™) b 3R 3 B 5 AR K AR 2 H B /N T AR SOy
s AR SO VR 38 1 R 515 4 AL R S, T
2 R KGR E R E KNI RB0 MGhn)
FE LR b7 e i K, X R A SO IR B
B RR ORI ERE S . 28 ERTR A5k E 5 6@
340 T A B Ty 1T 1Y) S 36 45 SR R UE B T AR SO k2
5 A S A R
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*7 EXAZERGHNIKRERBIENT
e He Jrik Gibson J5 1% Cai Jrik SCHR[18177 1 SCHRI191J7 % KSR
° A, M1 A, Mhh) A, Mhh") A, Mhh") A, M) A, MR
1 03458 | 0.654 | 03945 | 0697 | 04122 | 0712 | 04465 | 0728 | 04658 | 0719 | 04852 | 0.743
2 02587 | 0528 | 02768 | 0.612 | 03034 | 0.687 | 03451 | 0712 | 03774 | 0725 | 04014 | 0.765
3 03244 | 0621 | 03627 | 0643 | 03897 | 0.674 | 04042 | 0741 | 04125 | 0758 | 0.4026 | 0.821
4 02987 | 0517 | 03124 | 0589 | 03368 | 0.632 | 03652 | 0.697 | 0387 | 0732 | 03667 | 0.758
5 03694 | 0674 | 03874 | 0748 | 04138 | 0789 | 04527 | 0.823 | 04696 | 0.831 | 04842 | 0.802
6 03257 | 0.687 | 03547 | 0.695 | 03965 | 0.687 | 0.4124 | 0756 | 03952 | 0.824 | 04512 | 0.832
7 03692 | 0564 | 02985 | 0.624 | 04129 | 0724 | 03965 | 0742 | 04325 | 0782 | 04798 | 0.806
8 02982 | 0.632 | 03624 | 0728 | 04062 | 0756 | 0.4234 | 0.825 | 04126 | 0734 | 04282 | 0.834
9 03254 | 0.654 | 03547 | 0784 | 04178 | 0792 | 03952 | 0754 | 04257 | 0766 | 04324 | 0.786
4.2.4 EEBEESKESSH R AR AR SO 5 0 2 JRLRE 138 S 505 A 15 () 7T L

RT3 BT AR SO S I S R N S
B G b W 75 R AT 25 55 5 M Tk I S E | 1% M 7 Ol 4
e ORI NNME 75 ) 2] 5% 1 = W B AL 75 . 76 s g
75 B AL B PG AR SO vk B B R AR 9 5 LR
7 9%t HE S 44 PSNR {8 & SSIM {E, AR & 15(a) (b)
Fios . I 15 (a) BT EN, T 5 s 7 PSNR B X E rp
P uch it s AR, PR I A DR g B o M P A R KT

35

—=—He fLi%
—e—Gibson 1%
= Caiflit
Y —=— Lk [18]
30 9]
i
X
=
525
z
7
&
=
= 00|
15
1 1
0 1 2 8 4 5

S %o

() PSRN{HN}H
K 15
R 8L T AR EMG R AR 7 ik 55 it 111z
AR TEp XS b, e Sk 18 1 SCHR[ 19 ] AR SO k4% e
TSRIRHA] . JAFE 8 1T LI 3 He J7 ik TR T 3R K4

B AR5 iR AE SSIM R Y X L o X S 92 AR F 2% 11
M 7 N KRR, R LA R B TR AR . SR BE &
M 7 S K, AR SO R B R AR A 25 L
FESFIAE 3% UL LA B R STNRE . (BB E B A
SC A AR A R v — b A 25 55 vk B A 4
S AR BT AR SO VA AR R AR AR R
Btk

—s—He ik
—o—Gibsoni.iJ;
——Caiflik
e LIR[18]
LIR[19)
—A— RS

100

904

80

70

60

- 35SSINE/ %

50

40

30

W 75 25001 %

(b) SSIMHXTH:

AN WS R4 RS2 IERE I X LE

A IR A7 I ] f 1, A T7 s A7 ez, A 3007
TEASA T TE] R . PRIt SCOMHS TR b AT AAS R AR S ik
R T2 070k Bl 5 S P 2555, HACRESY .

K8 BAXREZEHIRENILL/

Image He J7ik Gibson J5 1% Cai Jy ¥k SCHR[18]7 % SCHR[19]7 % A )5k
B 2.826 574 1.635 221 0.922 695 0.963 325 0.862 691 0.595 200
G R 2 2.652 600 1.323 500 0.968 500 0.965 200 0.793 600 0.523 452
IS/ B 3.102 300 2.213 600 1.369 800 1.039 600 0.963 500 0.662 300
FLI) 2 2.963 258 2.326 927 1.132 596 1.236 982 0.954 921 0.754 150




1720 H, ¥

il 2022 4F

g
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AR T —FE TR 5 50Es ik
B EG R 55 51k, 456 DON BB fk 4 32 (SFT 2 K&
AL S AR TOES I T Pifb K55, A5 52 SR UG 18 i
BERAT . ARSI R S IR S B0 5 | T3 10 R B i 45 I 45 g
i 52 SR BRI 15, MG 500 43 32 R s TR S 3 DA B
NGEEE R G EEES- NN T IR G R SRS I
FIFHBE G AE R e 3045 B 2B T S R b R BOR A
S BRI T I W S i S S SREOE B )
KATCRBE AL MR 255, (45 EGOR A X S BE % B
T VAR AR BT, I i Al A R S A B X
B, HAP U EIN . 5T A s Gtk s i 155
A, RSO BB R B R SR, R EE
HnAIRE , B4 1515 BT 76 % WP 48 Bk BUAS B A0
) [ 5 328 47 IsF i) i S, BB RIS FH T S i 22 %% . Tk
— B TEANTRI MR R TR AR SO ik RS
Ly o8
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