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random noise

D patches

Fast Fourier Block

FFB

© Concatenation @ Element-wise Addition




. oy ) Bk A
Local Conditional Diffusion Model &) GRS AAT
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Reconstruction Constraint

5 et Multiplication
all all (1) B 00 il
Py (xt_l R, x(‘)) """"""""""""""""""""""
Po—1 :
i = i
_________________________________________________________________________________________________________________ A ,. Phase
é; €o .
l O :
t—1 K !
> eee - i |
] ® @ r ,
D patches yr yT(‘l—)l A Yo | Phase’  Amp.

(b) Sampling Process |  Fourier-aware Iterative Refinement (FIR)
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(a) Training Process

Algorithm 1 The training process of Fourier-aware conditional
diffusion model

Input: Clean image x; , hazy image conditioner Z, de-
noiser network €g(zs,#,t), a random binary patch mask
P;, transitional iteration M, number of implicit sampling
steps S, time steps 7', and the mask ®g in FIR mod-
ule.

1: while Not converged do

2 mgl) = Crop(P; o ) and z(*) = Crop(P; o 7)
3: ¢~ Uniform{1,...,T}

4 €. N(O, I)

5. if Current iterations < M then
6 Take gradient descent step on
7t

8

9

: ) 2
&t — o (vl + vT=aier,a®, t)

Ve
else
it ~ N(0,T)
10: for j =5:1do
1: t=(-1)-T/S+1
12: tnext = (j —2)-T/S+1if j > 1 else 0
13: € = 69( () Jt(i) t)

14: :‘Egl)mt = trext L ) N V 1.~ afm-u trnext
) (')
~( £ 1€ ~
15: xgn)m = vatmt(it Cram R VA el PG 2

16: 5)  =FIR(af) .30 , @)

17: end for

18: Take gradient descent step on /o Lyrec (m(()z),sc((;))
19:  end if

20: end while
21: return 0
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Training Process

Phase’ Amp.'

Fourier-aware Iterative Refinement (FIR)
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Sampling Process

Algorithm 2 The sampling process of Fourier-aware condi-
tional diffusion model
Input: Hazy image 7, €p(y¢, Z,t), S, T, and dictionary of D
overlapping patch locations.

It Yig NN(U:'I)

2. for j=5:1do

3 t=G-1)-T/(S-1)+1

4 tpext=(—2)-T/(S—1)+1ifj>1lelseO

5: flt=0andM=0
6: ford=1:D do
5
8
9

Random Noise €71 €

YD = Crop(Pyoy;) and z (@) = Crop(P4o0 )

(1)

Yr2q Q — Q P (d) J(d)
(b) Sampling Process N[t _ Mt:_P; €0y &%)
10:  end for
1 0, =0,o0M // @: element-wise division
12: ynemt = V atnexl (yt_ ,;]:/_at ﬂt) V 1 il atnext Qt
13: end for

14: return 1,
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Fast Fourier Block

--------------------------------------------------------------------------------

real 5
! 77 \
E = concat | i i = l

= > [=
| = B :
: ﬂ )‘2 I
: 2c I
; 12 i
- c ) i 1 i
i imaginary 2 - % imaginary i
| » » - » fan :
: g & E |
' . S &) -
' Fast Fourier Block(FFB) e /

T e e e e e e e e e e e e e R e e e e S e e e T A e A e R e A e e S T e A e e e e R e e e e e e e e e e e e e e e = =




) &AL

Experiment Rt
Method Publication LHID DHID
PSNRT SSIM1 CIEDE2000J LPIPS| FID| PSNR1 SSIM1T CIEDE2000) LPIPS] FIDJ
DCP [8] TPAMI'10 21.12 0.818 9.161 0481 21.49 1892 0.824 0.867 0.163 79.92
AQOD-Net [14] ICCV’'17 2224 0.842 T122 0475 3261 1537 0.718 14.2772 0.269 151.16
GridDehazeNet [17] ICCV’19  26.64 0.883 4.597 0.451 18.86 2551 0.868 5.053 0.121 65.95
IDeRs [10] INS’19 14.68 0.627 19.563 0.633 44.65 1333 0.575 19.942 0.344 120.17

FFA-Net [54] AAAT20 27.79 0.887 4.424 0.451 16.27 25.05 0.880 5.590 0.144 73.27
PhysicsGAN [25] TPAMI'20 22.01 0.835 8.198 0.512 38.72 19.85 0.824 10.415 0.187 94.61

PSD [18] CVPR 21 23533 0835 6.998 0549 3123 2330 0833 5.911 0.163 82.66
FCTF-Net [20] GRSL’21 2585 0.876 5.423 0459 2121 1721 07739 12.794 0.221 128.49
DCIL [21] TGRS’22 28.12 0.898 5.180 0.447 1493 2695 0.896 4.877 0.131 64.73
SGID-PFF [22] TP 22 24.12 0.852 7.091 0.488 30.13 25.69 0.867 6.147 0.158 80.74
Trinity-Net [34] TGRS’23 2478 0.867 6.737 0.460 17.76 25.86 0.878 5.479 0.139 75.46
RIDCP [61] CVPR’23 26775 0.843 4.553 0.128 19.07 26.15 0.874 3.329 0.136  64.36
C2PNet [62] CVPR’23 28.65 0.867 4.065 0.086 15.16 26.20 0.871 4.925 0.106 56.40
Focal-Net [19] 1ICCNV 23 2939 0.889 4.012 0.445 1432 25773 0.887 33135 0.131 73.04
PSMB-Net [63] TGRS’23  28.89 0.900 5.864 0.454 16.13 27.07 0.887 4.965 0.113  53.83

AU-Net [64] TGRS’24 28.44 0.893 4.045 0.451 16.96 2642 0.891 4.489 0.138  69.28
Ours - 29.65 0.905 3.875 0.436 12.85 2791 0.900 3.945 0.102 49.52
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Experiment

"~ (PSNR/SSIM) (15.77/0.764) (27.66/0. 940) (23.150.042) (222900, 889) (4. 59.0. 948) (28.15/0.953)

(PSNR/SSIM) (20.91/0.739)

(11 68/0. 751) (19.19/0. 822) (18.35/0. 798) (128 82/0 .759) (25 52/0. 831)

(PSNR/SSIM) 12.49/0.641)

(PSNR/SSIM) (16.60/0.748) (27.52/0.894) (31.34/0.900) (28.47/0.894) (30.05/0.899) (32.27/0.904)
(a) Hazy image (b) AOD-Net (c) FFA-Net (d) DCIL (e) Trinity-Net (f) Focal-Net (g) Ours (h) GT
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23.45/0.891 23.43/0.895 16.44/0.851 28.59/0.914

(PSNR/SSIM) (21.90/0.828) (33.59/0.930) (33.37/0.930) ] (31.18/0.927) (34.62/0.932)
2, gl
b | S

(PSNR/SSIM) (7.30/0.354) ~ (19.46/0.800) (22.55/0.852)

(PSNR/SSIM) (14.00/0.539 (23.93/0.930) (27.99/0.937)  (19.40/0.863) (26.73/0.928) (28.33/0.939) " (w/1)
(a) Hazy image (b) AOD-Net (c) FFA-Net (d) DCIL (e) Trinity-Net (f) Focal-Net (g) Ours (h) GT
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Experiment

TABLE II

QUANTITATIVE COMPARISONS ON THE NIGHTTIME HAZY DATASET NHM

Method Publication PSNR1 SSIMT
NDIM [72] ICIP’ 14 12.69 0.617
GS [73] ICCV’IS 11.85 0.615
MRP [74] CVPR’17 13.11 0.655
FAST-MRP [74] CVPR’17 1331 0.649
OSFD [60] MM’20 13.28 0.667
VD [75] CVPRW’22 13.77 0.687
GHLP [76] TIP22 13.15 0.674
GAPSF [77] MM’23 13.48 0.665
NightHazeFormer [36] MM’23 18.54 0.784
Ours - 15.86 0.786

TABLE II1
AVERAGE PSNR, SSIM AND CIEDE2000 OF VARIOUS DIFFERENT
APPROACHES ON THE REAL-WORLD ERICE DATASET
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Method Publication PSNRT SSIMT CIEDE2000)
DCP [8] TPAMI'10 18.13 0.816 11.482
AOD-Net [14] ICCV'17  20.18 0.807 9.438
GridDehazeNet [17] ICCV’19 3273 0.935 2719
IDeRs [10] INS'19 13.29 0513 20.701
FFA-Net [54] AAAT'20 3081 0.932 3.475
PSD [18] CVPR’2]1 2658 00918 5.218
FCTF-Net [20] GRSL’21 33.13 0933 3.626
DCIL [21] TGRS’22 3590 0.942 2.068
Trinity-Net [34] TGRS’23  30.26 0.942 4.026
Focal-Net [19] ICCV'23 3267 0937 2.691
Ours - 36.56 0.958 2.642
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