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Abstract: To solve the problems of supervised network and unsupervised network in the field of single image defogging,
a four-path unsupervised learning-based image defogging network based on cycle generative adversarial network (Cy-
cleGAN) was proposed, which mainly included three sub-networks: defogging network, synthetic fog network and atten-
tion feature fusion network. The three sub-networks were sequentially combined to construct four learning paths, which
were the defogging path, the color-texture recovery path for defogged result, the synthetic fog path, and the color-texture
recovery path for synthetic fog result. Specifically, in the synthetic fog network, to better constrain the defogging network
to generate higher quality fogfree images, the atmospheric scattering model (ASM)was introduced to enhance the map-
ping transformation of the network from the foggy image domain to the fogfree image domain. Furthermore, to further
improve the image generation quality of the defogging network and the synthetic fog network, an attention feature fusion
network was proposed. The proposed network was based on several fog-derived images, which adopts a multi-channel
mapping structure and an attention mechanism to enhance the recovery of color and texture details. Extensive experi-
ments on both synthetic and real-world datasets show that the proposed method can better restore the color and texture
details information of foggy images in various scenes.
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NEUREEHIE B, EFF— Bk A5 26
£, =[p(x,) — (G (G (x ), +
l6(r,) = 4G (G5, +
|65~ 4G (F, (G ). 12N +
60 -0 GG 2 ) (13)
Hrh, ¢ RARSEIHEER VGG19 IIZE 2 FIZE 5 it
WESREURRE . 27 EFTIR, R A SOk |
IR —FMEA R RO FF — B A %, 73 B
OIE T
L:otal = A‘IZGDQ " + }“2‘4}/‘a " + ﬁ?L’GSa " +
ML, + AL, + /164’1, (14)
Hrh, A~ A IERUE . AR B R,
RFEAE G A G 2% A2

G, ,Gy = arg min max £, (15)

Gp.Gg Dy Dy

4 KBWERKSR

N T F85r U A SO R AT AT R AT R, A
SR FH 8 1 P A 8 B W VR AT LRy
Bro EFWIE T, AR 2 A8 ] B A
LY (PSNR, peak signal-to-noise ratio) F14E#4J#H1bL
P (SSIM, structural similarity) HIH S A TERR, DA
Je Choi %2 H 10 55 A FE VP4 8 (FADE, fog
aware density evaluator) 1 Mittal 2542 1) B 48
14 57 B PFAY #% (NIQE, natural image quality evaluator)
LSV HER . Horf, PSNR 1 SSIM fHBRK, %
INF IR R AT FADE {Hill/)N, R 2568
HGE; NIQE [H#/), Fon 2% B A Uit Sk T .
AR I B itk 12 % 7777 DCPDN (densely
connected pyramid dehazing network ) Y |
DehazeNet!''!, GCANet (gated context aggregation
network) P*', DAD (domain adaptation for image
dehazing) "), MSBDN (multi-scale boosted dehazing
network) *) IDE (image dehazing and exposure) "%,
ZID (zero-shot image dehazing) "', YOLY (you only
look yourself) "J#1 D4 (dehazing via decomposing
transmission map into density and depth) 53077

AT E A E I LR

4.1 YEFANR TS

R ZREHE 45k B RESIDE #4280, Hirh
FAREE 15 000 M. JEMTEIME 13 500 ME;  FHF-5040F
(11251 1 000 M. 7EMZAERII SR Ta 2 BER/NN
256x256 , 2F 3 E AN 2x107, b2 ] KD
(batchsize) N 3, IEIEL (epoch) 4 15, KA Adam
ks . MIFLE, AXEEL=4=4=10,
A=A =5, A =1. NREIRMIEFZBIREA,
TERRIGEAR R ARFIER 3 000 VT —IRERIIE,
PRBLRAT - IE A, AR Pytorch AEZEFI—H GPU
9 NVIDIA GeForce GTX 3060 #:47 72h %k, 7t
B, ASOELE N BAN 75 JE 8 2 55 M 2%
42 FHRER
42.1 HRFEEFERSH

ALK H RESIDE %44 &1 SOTS
(synthetic object testing set)ITS(indoor training set)
PAJ% Zhang 25P42 11 ) HazeRD X 3 P& p S A3k
HOHE B AN [F] 22 55 7 1R AT = MR WL 25 55 45
RV A7 HAb T & R S5 B £ F 4
FxF L 6 Fios.

M 6 MG 38T, DCPDN J5 ik % 45
RHBBE R, BEEEERMISE, MHEHNE
B FREE /159, DehazeNet J5 1545 BT 44
H, SR ZEEEE R T REMFEE, JEEX
HIFE B # . GCANet. DAD A1 MSBDN iX 3 fif
JIE 2555 45 S AR BRI R BE MG SO AT A
AR, (HEEAHBIRNZN KRG ZRRE (o
K 6 Fia—1THIEFE 9 . IDE AR E LR E
DR e, AfAHEEMILE, JF BRMKIAMEAE
— R . ASUNEEAA LRSS PR REE T
s R s R, AEA MR, %
FoE R G TEM RS E L. WK 6 FIA S b
N ASCTVEHXS A= P E RN, 25545
() PSNR F1 SSIM AEAL T HAR K 73 £ %5 T71%

NEEFEINE MR IMAF LM EZHR, A
SERRIRANF 14 SOTS ITS il HazeRD iX 3 4
HIE A~ ILHARE EEZ SR PSNR. SSIM,
FADE #I NIQE “F#{H, &i%wk 1 firm. W& 1
AL, DCPDN J7ykfE 3 MRS LA T
TebraRIEL 2, BHE T B 6 FF PR 45
KTTEEZERNAZ N Fabr (PSNR. SSIM)
AT S E HakR (FADE. NIQE) ¥ T HoAth 77 i
R VT A IR LR A B, ARy
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PSNR=12.668 PSNR=22.432 PSNR=25.559 PSNR=28.363 PSNR=28.113
SSIM=0.931

PSNR=13.894 PSNR=28.465
SSIM=0.738

SSIM=0.924  SSIM=0.961

SSIM=0.963

SSIM=0.662

- e . :

PSNR=9.819 PSNR=16.450 PSNR=30.080 PSNR=24.359 PSNR=27.361 PSNR=12.695 PSNR=28.690
SSIM=0.671  SSIM=0.822 SSIM=0.952  SSIM=0.908 SSIM=0.956  SSIM=0.742  SSIM=0.967

SSIM=0.878

\"

PSNR=9.415 PSNR=18.952 PSNR=27.017 PSNR=23.091 PSNR=28.873 PSNR=16.033 PSNR=29.216
SSIM=0.834

SSIM=0.973

: aﬂ

SSIM=0.621  SSIM=0.887 SSIM=0.955  SSIM=0.928  SSIM=0.972

PSNR=12.273 PSNR=16.465 PSNR=17.196 PSNR=18.524 PSNR=17.839 PSNR=17.524 PSNR=19.678
SSIM=0.749  SSIM=0.804

SSIM=0.585 SSIM=0.723 SSIM=0.785  SSIM=0.766  SSIM=0.863

PSNR=13.618 PSNR=16.920 PSNR=16.248 PSNR=16.120 PSNR=16.340 PSNR=14.217 PSNR=16.684
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SSIM=0.595  SSIM=0.599  SSIM=0.673 SSIM=0.643  SSIM=0.735  SSIM=0.637  SSIM=0.748
(a) ZE  (b) DCPDN (c) DehazeNet (d) GCANet (¢) DAD (f) MSBDN (g) IDE  (h) ARITFE () fHWiESG
6 AFNENG S BN R FZ L4 R
*z1 AEFZFEEREAHEEE L EXZLERMTMIERR
SOTSP! st HazeRDP"!
D7
PSNRT SSIM{ FADE| NIQE|, PSNRt SSIM{ FADE, NIQE, PSNR? SSIM{ FADE| NIQE]
DCPDN 21.054 0871 0934 3830 10135 0653 1253 5125 14364 0796  1.579 5.839
DehazeNet ~ 23.690  0.869  0.640 3358  17.369  0.812  0.824 5004 15347 0795 1398 4.470
GCANet 24141 0892 0637  3.568 27507 0934 0529 4942 15598  0.825  0.866 3.715
DAD 27441 0955  0.629 3326 23333 0910 0553 4712 15726  0.823  0.853 4.087
MSBDN 29362 0945 0762  3.439  29.894 0956 0499 4785 15253  0.808  1.153 4.127
IDE 17509 0785  0.590  3.065  14.049 0750  0.689  4.743 14240 0816  0.598 4375
ESW:/R 29.781 0973 0542 2920  29.662 0968 0489 4337 16576  0.849  0.643 3.704

IRAEA RS R AR AR 5 KR RE ),

IR IR B IR R A B . i RS R 5
422 AEFEEFLERGH

ML TamER, TRt ER RS mnry
5], B BRR R, {d G5 e % R
DAL 5550 A MU o At A A SO 925 REAR B 3 25
BREXHRER, ATEMH 5 WAXFHE
(R~R,) AT HZMEREHNT . ANFEITVER B S
KM Z 45 Rt b 7 From. A 7 (0 005

43HT, f4H DCPDN J5ik2: 55 45 S BT L
R, HEBHXIEEARE (4 Ry Al Ry TR
). DehazeNet. GCANet 1 MSBDN iX 3 Ffi /52
XTEIS R E BRI, RE RS R
WARAFAE I B % 55 . DAD J5ikfe s LR E L5k
(1) %5 T8, 152555 45 BRI H 8K 5 B2 ARt Bl
B, MBS B ZE (W R, Fi7n). IDE J7¥:
M EFaERAEGEE, HLES NI E Sk
(R, IS B A RIS (a0 R, M E 4w ).
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(a) &K (b) DCPDN (¢) DehazeNet (d) GCANet (e) DAD (f) MSBDN (g) IDE ‘ (h) ARCHP:
B 7 ARG ELFE N EFE R

SFHHAB I VE L B R, A EA RS FENORE TIEM ST, B Ese AR L
KGRI B e B h G S B, R EAAE B WEMPF RN RE, A7 A RUEE %
X LG BEANSE RS b 5 30 A R R ST R S AR

MNTE B AT, XA R T VA s 5 B S5 4
BT S, S5-I 2 FrR. A& 2 TULEH,
A TTIE 22 545 B AE FADE MTNIQE 1% 2 ME#br -
T FHoAth T3, RAA S0 B R A A B
E R IR B L E R S e = =

NT B RIEA SR M B B R E Ik L Sle T e

TELLIA TP I £ B ORI R, A 5T 5K “ﬁ
ORI TE N 3R L, 45 R 8 e |
o W S LG, ZID 5% 4 R
4K R . YOLY Al D4 J7i: A AL IS (3

NIQE=2.697 NIQE=2.681 NIQE=2.619 NIQE=2.468

B e RIS S5 M, (H 2 S R PO K= (@) E () ZID () YOLY (d) D4 (e) AHE
1% 58 H BT LR . ASCHIEE A LR R SRS YRR ARES BE She
%2 FRAFZEMELZEREZLE R SITMIERR
R, R, R; Ry Rs
Jrik
FADE| NIQE| FADE| NIQE| FADE| NIQE| FADE| NIQE| FADE| NIQE|
DCPDN 0.169 4322 0.270 3.865 0.527 4,142 0.942 3.542 0.749 3.362
DehazeNet 0.172 4.568 0.191 3.182 0.420 3.985 0.992 3.301 0.519 3.011
GCANet 0.118 3.884 0.208 3.501 0.363 3.974 0.853 3.241 0.581 3.109
DAD 0.184 4.612 0.346 3.342 0.493 3.928 0.810 3.254 0.281 3.088
MSBDN 0.186 4.656 0.267 3.073 0.461 4238 0.877 3.219 0.668 3.209
IDE 0.182 5917 0.209 3.607 0.377 3.722 0.590 3.049 0.337 3.434

AT 0.096 3.715 0.183 2.820 0.328 3.219 0.456 3.118 0.268 2.991
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FE SRR A R AR [ S H R IS AT
Wmﬁﬁﬁiﬁﬁmiﬁ%ﬁv%Tﬁﬁﬁiﬁ%f
SN ZES ST, AR B 5 2R %505
FIATH A SRR IS AT R U H, 45 Rk 3
fi. WERZHR &, METRZHAE RN
Jiik, AIOTEZHERN . NIRRT E A,
ARSI E RN BB PR 512183 < 51218 5K
ARSI A P R I8 AT I 1] 5 A

R3 ARAFEESHEMSITHE L

Tk B ZH i/ Mbit IBATI TR/
DCPDN 268 0.561
DehazeNet 0.638 0.737
GCANet 2.8 0.494
DAD 218.5 0.762
MSBDN 125.6 0.592
IDE — 0.567
ZID — 1.276
YOLY — 1.302
D4 92.4 0.623
ATk 374 0.406

423 HERATR

R T IBAEAR ST VE R B N 8, A
HATHBEE T, BT 5 NS SKIe 1, fEA
fE45 CycleGAN gy ML B 2%, L0 2, 1F
CycleGAN [H2EA 5| NB A K%L, B Engin
I Cycle-Dehaze; k%% 3, #4525 2 A
A IR 2 S A SR () 2 S5 s S 4, 7
B 3 5N ASM A AR SCHE IR B 55 I 4 5

NIQE =6.661
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(b) CycleGAN

NIQE =3.397

NIQE—4 210
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