= 00 >C(Q NONW

e <

SD"‘>< TKITNWOW OQOWoOK =

Judubooobotdidddd—-—>a0o04d

ydddddddoddododooooouoooooouoooo

oo0—ogooog @ rRooooooooooOoOoOOOOOOODOODODOOOOODOODOOOODOOOODOOODOOODOOLRODO
ooboooooogAGCOOOOooooooooooooooooooooooooOo ooobooooboooooooor ooo
ooboo0bo0o0oo0o0oo0o0ob0o0oooo0ooooooooooobooob0o0o0bOo00o00oGANDODODOODODODODDDODDO
gooboooooooooooooooooooooooooobooooboo0ooboooDbo0oDbDbooooOboOooDOoOoODO
goboboooooooooooooooboooooooooboooboooooooooooDboOoooOboOooooOooOooDooOooonon
00o00oo00oo00ooo0ooO0o0ooOo0ooO0 IROO/MODO0O0 IROODDODOOODODOOODDOOOOODOOOODOO
gooboooooooooooooooooooooooooobooooboo0ooboooDbo0oDbDbooooOboOooDOoOoODO
goboooooooooooobooooboooobooooooooOoOoooOoOoooooOoobO IIrROOOOOOOOOOOODODOO
000000000000 00000000000000000000000000000 https//github.com/lixinustc/Awesome-diffus

ion-model-for-image-processing/ [ [

oo0o0b—->0o0o000o0o0o0o0ooooobooooboooon

100

0000 (ROOO0O0O0O0ODDDO000O0O0O0O0OODD0O000O0O0
0000000000D000000IROOOO0O000000 (SR)[1- 10]
0000 [11- 17000 [18- 25|00 0 [26- 3] 0000000 [32- 38]
0001000 IRODOD00000000O0000000000 IROD
00000000000000000000000000000 [183%
40000000000000 IRO00000O000000 IROOO

000000000 SRO e..0 DIV2K [45]0 Set5[46] O Set14[47]0 0 0
SR O Raing00 [48]0 Rain200 [?]0 Raindrop [49] O DID-MDN [50] 0 0 O O
OREDS[51] O Gopro[52) 000 0000000000000 OOOO0O
0000 [1- 30 7- 110 130 160 190 21— 230 32— 34053- 55| 0000
000000000 (CNN)[56] O Transformer [5710 000000000
00 IROOD0000000000000000000000 (e.8.0PSN
RO SSM)0DO00000O0O0O0O0O0O0DOO0000O0O0O0O0O0O000
000000000 IROOOO0OOOOOD0OO0O

Xin Li and Yulin Ren contributed equally to this work. (Corresponding
authors: Zhibo Chen and Xinchao Wang.)

Xin Li is with the University of Science and Technology of China (USTC)
and the National University of Singapore (NUS). Yulin Ren, Xingrui
Wang and Zhibo Chen are with the USTC. Xinchao Wang is with NUS.
Xin Jin and Wenjun Zeng are with Eastern Institute for Advanced Study
(EIT). Cuiling Lan is with Microsoft Research Asia (MSRA). (e-mail:
lixin666@mail.ustc.edu.cn)

0000000 [58-660000000000000 (
GAN)[640 000000 IROD [506067- 7000000
00000000egOMSEODD L1IO0O0O0O0O0DO00OO
00000 GANOOODOODOOOO IROOOOOOOO
0000000000000 0SRGAN [5] O DeblurGAN [1
20000000000000000000000000
0 SROODOOOOOOODOD0O0000000 GAND IR
0000000000000 00L.000000[506071
— 7310000 [74- 7710000 ESRGAN[6]| 000000
RRDB[6] 0000 GANO SROOOODOOCOOOOOO
0000000000000 U-NetOOO[74000000
[75,78- 800000000 [76,77]0ie 000 VGG O O
0000000C000000000000i000000
000000000000000000000 GAND IR
0000000000000000000001000 GA
NO IROOOOOOOOOO0O00000O00000020
0000000000000000000000

0000000000000 000000000000
00000000000000000000000000
00 O0[81]0 0 000 O DDPM[82]0 NCSN[83]0 SDE[84]0
0000000000000000/0000000000
ooooQ


https://github.com/lixinustc/Awesome-diffusion-model-for-image-processing/

e s

oomobooobooooooooooooooooooooboooooooDn

ocomooooo

ooboooobooooooobooooooooooboooDo
Oo0O00o0o0ooooooEeIboooooooooon
OOGANODOOOO0OOOODOOoOooOoooooboooDo
00000000028 i0ooooo[se— 971000
oobOoOobOO0OGANODOODOOOOOOOOODbOOOoDO
000000000000 O- stableDiffusion[98]00 DALLE-2
(U oooooooooooooooboAGCcOnODOn
goboz20000000o00o0o0oooooon

oooooboooobooobooboooobooooboooDo
oobO0ooboooboooboooooooooooboooon
Ooooooopoooo0oooeo- weocoogg
O00000oD0o0IrO0000D0200000:e00
cooodmo-17ooooogooooirooogo
uobooboobooboobooooooooooboooobo
oo/qoo0oooooooo0oOooooooboooooo
ooooooboooobooobobooooooooooDooooDo
oobooobooboooboooooooooooboooon
OoO0oooooooco0oOooooos- 12310000
ooboobooboooogoo

gboobooooooa
gboboooboobobooboooooboboooooo
oobooobooboooboooooooooooboooon
boboooooboboboboobdo rooboaba
oobooboobooobooooooooooboooobn
oobooobooooooboooooooooooboooon
gbobooooboboboboooboobobon

oboooboooobooobD 2000000000000
O000000D0O0DO0O ieNCSN [83]C DDPM [82] O
SbE[84D 0 0000000000000 OoDoOo0oOg
ooo0ooooOoooobobo0ooo0oooooooooDo
oob030000000000000000000000
oob0o0i1o00ooooboobD IROO0 20000000
uobOO0oRrROOO40000000000D000D0O0O0O
Oo0000.00/0C00000000000000 1RO
oboobooboboobobooboIIrROODOODOOODOO
oobOoobooobooobooooooooon 400000
oo0o0oOooDoOoOoooOob0IIrRSOOOOD0OO0OO0DOOO0DO
o0 IIROOOOOOO0ODOOODOOOOOODOOODOOO
oobOoobooooobooooooooenbOOOO
oobooboobo0 I rRO0OOOO0OOO0O0OO0O0o0OoO



SR3 [100] o
SRdiff [101] VQ Diffusion [176]
ILVR [195]

DALL-E[190]

2019.4 2020.10 2021.4 2021.10

NCSN[83]
DDPM[82]

DDIM][85]
SDE [84]
IDDPM[144]

CDM [218]
Dhariwa et.al[165]
Kingma et.al[146]

DDRM [112] s -
Palette [219] Stable-diffusion [98] g\ipg [110] DALLE-2[100], DjffIR [224]

Repaint [212] DiffusionCLIP [188] "ppg r114)

Liu et.al[183]
BDDM [147]

DDNM [113] DreamBooth [186]
IDM [223] ControlNet [161]

T2i-adpter [95]
SpaText [189]

GLIDE[185]  \106 [236)

Imagen([188]  1GDM [197]

2022.4 2023.4

2022.10

DiffCollage [86] DifFIQA [96]
Blattmann et.al [97]

DPM-Solver [151]
Zhang et.al [152]

t2000ooooooobooooboooobooobooooooooobooobooooo0ooooooOoooboOoooOooon

gbobooooodab rvbao

200000bDMOg b

0000000i.000000000000000000
00000000000000000000000000
00000000000000000000000000
0 O O DDPM[82]0 NCSNS[83]0 SDE[84]0 O 1 0 NCSNs[83]
00000000000000000000000000
00000000000000000DDPM[82]00000
00000000000000000000000000
00000000000000000000000000
00000000000 [840000SDE84IDDDODO
000000000SPEDNONONONONONOOOOOOOO
OOO0ONCSNODDPMOOSDED 0D O0O00000000
00000000000000000000000

21000000 00D0ONCSNO

00000000000000000000000000
000 [124- 129]0 O O GAND [130- 138]0 0 0 O O NCSN
0000000000:i.00000VIiegp(z)00000
00000000000000000000000000
O0O0OO0ONCSNOOO90 000000 O0s,00000
00000000000000000000000000
00000000000000000000000000
000000000[13901400 00000000000
oooooo

L
%=1000000000000000000000000
a

L € _
Tt = Te—1 + Qvfc log p(Z¢—1) + Vez, (1)

00 00000+¢00000000000e00000
00000075000 e—000000 p(Er) 0000
00000 pz)0000000 00000000000
4o (%) 2 [ p(x)N(&|x,02)dz0 00000000 (NCSN)
0000 sg(d,0) = —Vzlogg,(7) 0000000000
ooooo

T—x 4

1 N
L£(0,0) = §Ep(z)Eaz=~N(z,a2I)[||50(3370) + 7”2] (2)

2200000000

DOPMOODOOODOODOB 000000 (1411000
o000 /000000000000 0bOODOODO0O0OO
o0oD0o0D0o0bOO0O0b000o0b0ge00O0DOODO
Oo00o0oooooo0oO0gieObDPMOOOOOODOO
uboboooooboboboboobooboboobon
ooboobooon

q($t|$t71) = N(xt; Vv1- ﬁt : ﬂftflaﬁtI% 3)

00 xo,21,..,27000000000000000000
0000 o ~ pagata(z) 0000000 By, ..., Br € (0, 1)
0000 T000000000 200 200000000
ooo

q(x¢]zo) = N (x4 Vo, V1 — dul), 4)

t

00 y=1-340&=]l;000000¢t—>T0O00
O000a; —0O ODDDZE%DDDDDDDDDDD
m(z) ~ N(0,1)0



000000000000000000 q(ze1|a:, z0)
0000000000000

q(xi—1|z, 00) = N (215 fie (24, T0), Be L), )

000 jis(zs, 70) = \/f‘taltﬂt +r1aat l)l't_ 1 (th_

A)e0 00 e~ N(0,1)0 5, = 1atﬂDDDSDDD
DDD@DDDDDDDDDDDDDDDDDD@@hﬂ
00000 pe(aet) = ju(z,2,)0 000000000 [82]
DoooQ

eo(V rxg + € l—at,t)||] (6)
go0oo0ooOooobpbpMOOOOOOOO300

Cszmple - ]Et , X0 ,€ ||6

Clean image Forward Process q(x¢|x:—1)

4 1
(M "N x | ) Xp-1 : (s
- '

L

Gaussian noise
1

Reverse Process pg (x;_1|%;)

o30oooooooon

230000000 SbeEO
bobooboooboboboboobooboboobon
O0OOSDE[84 0000D0DDODODO (SbpO0o0onooon
gboooodao

dx = f(z,t)dt + g(t)dw )

000wDOOOOOO0O0f(,H)002¢)000000g()
O002()0000000000000000000000
0000000000000000000000000DD
PM[82]ONCSN[83]0 000000000000 0ied0
0000000000000 00000000SDEDOO

dx = [f(z,t) — g(t)°Va log py(x)]dt + g(t)dw  (8)

00000000000 0OwWODOO0O0I0oooooon
ooboooboosbe00000DOO000OO0Oobooonn
000000000 0O0ODg142, 14310

DOPMONCSNO OO OOOOOOOSbEDOODOOO
oobooboooooobpbpMOOOOOOOOOO

1
dx = —3 (1= ay)xdt + /1~ Gedw. ©)
NCSNO SDEO O O OO
2
dx — | U] (10)

000009000 1000000000 (VP)SDEO OO
00 (VE) SDEQ

240000000

uboboobooobobobobooboboboobon
ooboooboobooobooooooooooboooon
o

Oo00oo0oooooo0o00oooooobobooOoooonn4
4- 1800000000000 oo/oooooogooo
ooboobooboooboooooooooooboooon

Oo00000oooooo0oO0oooooCbooOodDDbPV [82
j0000o0o00ooooo0ooooooooooooooon
Oo0O000ooooooo0oO0ooooobobOu4ooo
OoOoOooooiipbPM (140 000000000000

00000000000 000000000D000Diederik

et al [146|0 0000000DO0OCOOOOOOODODOCOO
gbobooooobobobobooboobobobon

gbgboobobobuoboobdobuobuaoudibbPM
(400000000 0OoooDoOooOoOoooooooo
oobO0ooboooboooboooooooooooboooon

OOOOAnaytic-DPM [149] D 0O O0OOCO0OO0O0O0DODOO
OoooooobopMDODOOOOOO0O0O0O0DODDOOXic
oeur-Martineauet al. [150) 000000000000 ieO

oboboooobobobobooboobobobon

oo

uboboooooboboboboobooboboobon
ooboobooboooboooooooooooboooon
vboboooobobobuoboobobobobon
O0D100o00ooOooo obEdOOOOODOO [85,
151- 1540 000DbiM[8s) 0000000000000
uboboooboobobobooboboboooboooobe
MOOO 5000000 obENODODOOOOOOOO
OO0 obE0OOOOOOOOODEOOOOOOOODOO
gbobooooobobobobooboobobobon
100 2000000000200000000000001[2
55,156]0 0 00000 00Louet al.[1551 00000000
oobO0ooboooboooboooooooooooboooon
00000 VAEIGANO O OOO3ooooo



Supervised DM-based IR

Condition on LQ image Condition on Pre-processed
> SR3 [100]

> SDE-SR [103]
» Palette [219]
> CDM [218]

» Weartherdiff [104]

i Pre-processed Images

» CDPMSR [102]
> Resdiff [217]

VYV

———————————————————————————————

11 Pre-processed Features
» Shadowdiffusion [230]
IDM [223]

DeS3[191]

Revising Diffusion Process

) » IR-SDE [231]
i > Refusion [106]
! > HFS-SDE [228]
| > InDI [225]

i > Xie etal. [229]

References

Diffusion on Latent Space

> DiffIR [224]
> LDM [98]
» Refusion [106]

Generate Residuals

> SRdiff [101]
> Whang et al. [105]
> Resdiff [217]

Blind DM-based IR

Domain Translation

» Raindiffusion [122]
» Yang et al. [226]

Distortion Simulation

> SR3+[118]
> DiffGAR [221]

Kernel Estimation

Distortion Invariant Condition

> DR2[123]
» DifFace [237]

> GibbsDDRM [119]
> BlindDPS [120]

Projection-based Methods

» ILVR [195] > SNIPS [110]
> RePaint [212] > DDRM [112]
> CCDF [213] > DDNM [113]

> JPEG-DDRM [111]

Decomposition-based Methods

Posterior Estimation

> MCG[236] 5 SIM-SGM [115]
> DPS [114] > Feng et.al [215]
> LIGDM[197]  » RED-Diff[199]

> GDP [196] > DiffPIR [198]
» CoPaint [216]

Zero-shot DM-based IR

g40000000000D0O00000bOO0bOoDbOn

gboboobooobooboboboooboobobobooo

ooboobooboobooboooboboooooooooooooOooobOOoobOoOoOobOOoOoboobooobooOoooboOoooo

gboboooooboobaban

ooboobooboooboooooooooobooooDn
OO0O00[157-1601040000000000000(980 16
1-1e4000000000000D000DO

0000000000000 0000O0ie.00O0 CNNO

U-NetOOO Transformer 000000000 D00OU-NetO

O0000ooooooooOo/0oo0 [82,8310000

Oo00ooooooooooooooooooooooon

0o00oooooooo0ooooooooooooon u-
NetOOODOOODODOODOOODO [98ID 0000 [82, 1650
0000 [84,144,1451 0 00 0 0 [82]0 O O O Transformer
Oo000o0ooooooo0ooooooooooooooon

OO0 [166- 17310 000000000 0ODOOO [174- 181]
0000 Transformer 0 00000 VIT [182]0 Swinv2 [17
UIDOTUDOODNCNNDO U-NetDOODOOOOooOoo
0000000o0t00oooooooooooo [1vso1
770178] 00000 [174] 0 O O TransformerdD

00000000000000000000000000
00000000000000000000000000
00O0O0ONicoletal [165|00000000000000
00000000000000000000000000
0000000 [183,184 0 0000000000000
0000/0000000000 GLIDE[185] O DALLE-2]
0000000000 000000000 00000
00000 6(z,c)00000 6(z) = 6(z,0)000 ¢0 0
00000000000000000000000000
0000000000000 [185- 19000000000
00000000000000000000000000
eg0000000000000000000000000
00000000000 ([98]0 ControlNet[161]0



3000ooooboooood

oooooOo@om)OoooooooooO IrOoooOoOoOO

oooobMD IRODOOOOO0Oe00O0D0 DMOO

0 [1000 1050 1070 1080 1210 191- 194 000000 DM
000 [1120 11401150 195- 2000 0 00000000 D
MO IROOOOOOIROODOOOOOO/0O000000
0000000000000 GANODODO [201- 209100

oobooboobocoboocobMO IROOOOOOOO
vobooboogobogoodoodgoodoooood

obooboobooobooooooooimoooboog
000000000000000000200000000
oooO00O0/mooo00o0oo0oooooooooooon
DMOOODOOD0O0O00O00O00D0000D0000000

obooboooboooboooogoodgmroooog
uobooboobooboobooooooooooboooobo

0o0o00000o0O00O0o0O0o0O0o0O0o0oOoO0oO0oOon

oobooboobobooboooooooooooooon

0000000000000000 ImageNet [210] O FFH
QujobooooooooboMO IROOOOOOOOO

0000 how

to extract the corresponding perceptual priors while preserving
the data structure from distorted images. 00000000

00o000000o0ooOooOooOoooobMOIROOOS
R3[100) 000000 DMO IROOOILVR[1950000
00000000000000000000000000

ooooooooo 100 z20000000000000

oob 4000

31SR3- IROOOOOO DM
0000000000000 0000000000000
oooooOo/MoooooooOoooooooooooo
ogbMO IROODOOOODO

how to effectively incorporate the

degraded/low-quality image into the diffusion model as the con-
dition0 0000000000 yOIROOOOO (BM)DOO
0000000000 ¢00000 pe(z_1|y,2,)000
o ~qzly) D 2 000000000O00OO0OOODOOO
ubobgooobobobuoboboboobobo bMbod
gbgosRaoboobooooooobobooooon g
0000 0000000000000 sSROOODOOO
ao

OO0s5000sSR3O0O00C0ODDPM (821000000
UNetODOODOOOO

Concat

Y Xt Xt

gsgsR30Ooonon

diccorDOODODOOO (LROOyOSR3ODOOODOOOODO
uboboooobobuobuboobdbdo LrROO y
g+«to0oogbobobod . 000000000000D00
oobO0t-1000000000¢:t=00000000A0
UbyO0O000O00000 200 2o~ 20

Iterative Refinement
Xp-1= X1 + N (V1)

—¢n(xi_1)

l Degraded image y
¢ n:Low-pass Filter

OedlLvrROODOO

32ILVR- IROOOOOOO DM

oobooooODbMO IROOOOOOOOOOOOO0O0O0O0
uboboobooobobobobobobooboboobon
gbobooooobobobobooboobobobon
O DM O IR[110,195,212—- 24|00 0000000000
ubobooooobobobobooboboboobon
oobO0ooboooboooboooooooooooboooon
ubobooooobobobobooboboboobon
oboboooooboboboboobobobobon
uboboobooboboboobaban

O00000O0OOChoietal.[195] 0000000000
Oie0ILVROOODOOODOOOODODOOOOOOODO S
ROODOOOOOOOOOOOOILVROOODODODOOO
ooooooooooo0oooooooooOooooen
oo00000opoooOo0ooOoOooooooooOoOod
000000000oOooOO0o0oU0O0oooooOooOooQ
y(gOODODODO



ORrROOOOOOOOMILVROODDODODODODOO t-
1000000

ln ()
00 elay,t) 000000000000 20000000
gogbobooobobooobbooobbooobboo
0000 2, 000000000/MDO00000DO00O0O00
o0bO0o0bDo0bObO yOGOoOoOo/moDbOoo

/
X1 =02+

(11)

Ti—1 = I::—1 + On(ys-1) — (pN(z:t—l)' (12)

000é,000000000000000000000
Y1~ qp_1|y) 0 y0 t—1000000000 ILVRD
00000000 DM O IRO O [112- 114, 197, 200, 215, 2
160 000000000000000000000000

330000 DM O IRO

O sR3[1o00000ooooooooooooobomMOl
ROUDOOOODOOOODODOOOOOODOODOOOn
oobOoobOoOobooobobooboooooooooooad
oobo0oobobob200000003000000000D0
oobooboooDbDMO IROOOOOOOOOOO0OO0
vbobogooobobobuoboobdobobobon
gbobooooboboboboobooboboboon
ooboooboooboooboooboooooooboooon
uboboooooboboboboobooboboobon
oobooobooboooboooooooooooboooon
ubobooooobobobobooboboboobon
obobooooobobobobooboobobobon
ubodgbodgbMO IrROOO

3.3.1 Condition with Low-quality Reference Image
0031000000000000000000O0O00O DM
OIROODOODOOODDODOODODOOODOSR3IOODOOOd
00000000000000000000000000d
goooob+r—-100000b0b0b000o0oog oo
0000000000000 000 Saharid et al. [219] O O
0000000000000 Pdette 000000000
goooooooobobobboooooooo GO OO
00000000000000000000000000d
goooooon

o0 u-NeeOOOOOOOOOOOODOOODOOODOO
uboboobooobobobobooboboboobon
oobooboobooboobooorRObODOoOobOOoobOooon
00000000 IRO Ozdenizciet al. [104] 0000000
obobob 2z, 0000D00D00OO0O00O0O0ODODOO0OO
ubobuoooobobobuobooboobobobod
gbobooooobobobobooboobobobon
000000000000 00000D00000OHoet al.
[218] 00000 sSR3OOCOOO0OOoooooooogd

ooboobooboooboooooooooooboooon

vboboooobobobuoboobobobobon

gooboooooboboboboooobo bbPMOOO0O0O0O
OoO0Ooooo[o3obobo0onon sbE[84 000

ubobooobobobobooboobon

Preprocessed
References

B £l
-} k!

F,  Trainable Pre-processing Module IE Pre-trained restoration model

© Concatenation I, Pre-processed image f Pre-processed feature

r7wd0000oOO00oO0O0oOO00bOO00obOOoO0bOoOo0oon
vboboooobobobuoboobobobobon
gooobgo

3.3.2 Condition with Pre-processed References
goooobobbobbbooooooooouooooo
goooooooobbboooooooooooooo
00000000000000000000000000d
goooooooobbboooooooooooooo
00000000000000 700000000000
0d0oo0ooobobbieDO0OD0DOOODODDODOOOO
oo

00000000000000000000000000

OCDPMSR[102) 00000000000 eg.0RCAN [232]
O SwinlR[53]0EDSR[233] 0 0000000000000

00000000000000000000000000

00000000000000000000000000

00000000000000000000



01ioobgooooooboobobob

Models(Papers) Conference&Year Methods&Insights Target Tasks

SR3 [100] TPAMI 2022 Channel concatenation in DDPM with LR input SR

SRdiff [101] Neurocomputing 2022 DDPM with LR encoder information SR

CDPMSR [102] Arxiv2023 DDPM with Pretrained SR model SR

Res-Diff [217] Arxiv2023 DDPM with CNN model SR

SDE-SR [103] SIBGRAPI 2022 SDE with concat LR input SR

LDM [98] CVPR 2022 DDPM in latent space , inpainting SR, Inpainting

CDM [218] J.Mach.Learn.Res.2022 Cascaded DDPM with condition augmentation SR

WeatherDiff [104] TPAMI 2023 DDPM with patch-based sampling for size-agnostic tasks Deraining, Desnowing, De-
hazing

DeblurDPM [105] CVPR 2022 Simple DDPM with predict and refine strategy Deblurring

Palette [219] SIGGRAPH 2022 DDPM with Concatenation of input, achieving multiple I2I tasks Colorization,Inpainting,
Uncropping, JPEG

SR3+ [118] Arxiv2023 Improved SR3 architecture, data augmentation,real-world SR SR

DriftRec [220] Arxiv2022 SDE with adaptive strategy, Blind JPEG restoration JPEG Artifacts Removal

DiffGAR [221] Arxiv2022 DDPM with encoder in Latent space Generative Artifacts
Removal

DG-DPM [222] Arxiv2022 DDPM with domain generalization for real-world Deblurring Deblurring

IDM [223] CVPR 2023 Neural representation for continuous SR SR

DiffIR [224] Arxiv2023 DDPM with transformer-structure . SR, Deblurring

RainDiffusion [122] Arxiv2023 Circular DDPM for real-world deraining Real World Deraining

InDI [225] TMLR 2023 Alternative methods proceed by iteratively restoring the input Deblurring,SR, JPEG

image of Diffusion model Restoration

Yang et al. [226] Arxiv2022 DDPM for data pairs synthesis for real-world tasks training Training Data Synthesis

Adadiff [227] Arxiv2022 Accelerated DDPM with adaptive diffusion priors MRI Reconstruction

HFS-SDE [228] TMI 2022 SDE in high-frequency space MRI Reconstruction

Xie et al.[229] Arxiv2023 DDPM with three added noise distributions Image Denoising

ShadowDiffusion [230] CVPR 2023 DDPM with unrolling-inspired diffusive sampling strategy Image Shadowing Removal

Refusion [106] CVPRW 2023 Latent DDPM with compression strategies, large-scale restoration Image Shadow Removal,
Dehazing

IR-SDE [231] ICML 2023 Mean-reverting SDE Deraining, Dehazing, De-
noising

DDS2M [109] Arxiv2023 DDPM with Variational Spatio-Spectral Module Hyperspectral Image
Restoration

SUD?2 [108] Arxiv2023 DDPM with few training pairs Inpainting,Dehazing

DeS3 [191] Arxiv2022 Classifier-driven attention guided DDPM Image Shadow Removal

DiffBFR [192] Arxiv2023 DDPM with few training pairs Blind Face Restoration

Stable-SR [121] Arxiv2023 Finetune Text-to-image diffusion with time-awareness and feature Real World Super-

wrapping module resolution

PyDiff [107] Arxiv2023 Pyramid diffusion with pyramid resolution style Low-light Image Enhance-
ment

DiffLL [193] Arxiv2023 Wavelet-based diffusion model with high efficiency Low-light Image Enhance-

ment

vbobogooobobobuoboobdobobobon
OO0DO0O0ODResDiff[21710 00000 CNNODOOODODO
ooboooboooboooboooboooooooboooon
uboboooooboboboboobooboboobon

ooooobooOOoboooboo0ooo0oooooobooooDo
OoOoOoooooombM2231000000000000O

OO0000EBDSR[(23O00000000O0D0O0OCOOOO
ooboobOoobOoobooobooonn

ooooooooooo0ooooooooooooooo
00D 00D ShadowDiffusion [230] 0 O OO 0O OO Transfor
me 000000 O00000DOCOOOO.000000
ooooooooooo0ooooooooooooooo
oooooooooooboooooo

3.3.3 Condition by Revising Diffusion Process

ooboobooboocoboobMO IROOOOOOOOO

goano



LQ image
=+

Noise

<+—Reverse Restoration SDE

O8IIR-SDEOCDO [23j0 0000000 0OoooOOD
oboboooooboboboboobobobobon
gboooodao

coooobbPMOCOOOOO[BODOO000000O0DOO
oobO0ooboooboooboooooooooooboooon
oooOooboooboooboooon z¢r e0OOOOOO
)yOooooooOoooooobooooooboo soooL
uoetal. [231] 000000 SDEOCOOOOOODODO IRD
oboboooooobo

dx = 0:(n — z)dt + ordw, (13)

006,00,0000000000,0000000200
0000000000000000 SbED0OOoOoOoOO
00000000000000000000000000
00000000000000000000000000
0 IR-SDE[231] 000000000000 Refusion[106]0
00000000000000000000000000
0 IR-SDE[231]0 0 00000000 Refusion 0 0 O U-Net
0000000000000000000000

OO0OooooooooOg[e0oooooooogg
ooboobooboooboooooooooooboooon
vboboooobobobuoboobobobobon
OO00InDI[225| 0000000000

e = (1-t)z +1y, (14)

000y0000000000000000000000
00000000+ 00000000000000000
00000000000000000000000000
00000000000000000000000000
O0000000OO0O0HFSSDE[228)0 00000000
0D0000O0OMROIOOOOOOOOOOOOOOOOOO
00000000000000000000000000
00000002,00000000HFSSDEOOOO-O
ODOoPCOOO[8400000

Residual

Denoiser Network fj
v
Initial Predictor gg

Initial Prediction

Blurred Image

goooOO0O0OO0oOooOooooesioun ggoooood
oobooobooboooboooooooogd

3.3.4 Generate Residuals
goooODMOIRODOOOOOOOO0OOO0OOO0OO0OO0
0000000000000000o0oooooooon
0o00oooooooo/Oo00000o0o0ooooooooo
O00o0oo0oooooo000ooooo0o0OOdndnio1,105
221723423850 00 000000000000 000OO0OOd
g0oo0oooooooooooooooooooooa
ODOOOOSRDIffl0lj0 0000000000 sSROOO0
O0O000OO0OWhang[lO5|D OO0 OO O0DOO0OOO0OOOOOO
00000000 9e00boUoooouoooooooog
gdoooooboodoooooooooooooooa
0000 ResDiff [217] 00 SROOOOOOOCO

3.3.5 Diffusion on Latent Space

000000000000 0000Od StableDiffusion [98] O
00000000ooooOobDMOOOOO0O0OOOOOO
odoo0ooooboooobObie0boonoo-000O0
00000000000000000000000000
0000000000000 00000000d0D StableDiff
usonO OO0 O0O0O0ODODOO0OD0ODOOO0OODOOOOoOOOa
00000000eg00D00D0O0DOOOODOODODOD
O000000Refuson106|0 00000000 O0OO0OO0O
0000000000000 0000000000d
0000000000000 ODiffiRi224|C000000
doooooiROODOO0Db0D0oooooooooooooo
ODIRforme0 00000000

3400000 DM O IRO
ooboooOobMOIROODOOOOODMO IROO
oooooobooooogooo



gz200bgoooooobooboooooo

10

Models(Papers) Conference&Year Methods&Insights Target Tasks
ILVR [195] ICCV 2021 Adds projection into sampling Image-translation, SR
Repaint [212] CVPR 2022 Impose projection into sampling with resampling strategy. Inpainting
CCDF [213] CVPR 2022 Adds projection into sampling Image-translation, SR, In-
painting, MRI reconstruci-
ton
SNIPS [110] NeurlIPS 2021 DDPM in Spectral Space with SVD decomposition Deblurring, SR, Compres-
sive sensing
DDRM [112] ICLR 2022 DDPM in Spectral Space with SVD decomposition Deblurring, SR
JPEG-DDRM [111] NeurIPS 2022 JPEG restoration based on DDRM framework JPEG Restoration
DDNM [113] ICLR 2023 Pretrained DDPM with Null Space, Time travel strategy SR, Inpainting, Deblurring.
Colorization
MCG [236], NeurIPS 2022 Pretrained DDPM with manifold constraints Colorization, CT
reconstruction
DPS [114] CVPR2023 Pretrained DDPM with Posterior sampling SR, Inpainting, Deblurring
BlindDPS [120] ICLR 2023 Parallel diffusions for images and kernels, achieving blind De-  Deblurring
blurring
GibbsDDRM [119] Arxiv2023 Pretraiend DDRM with joint posterior sampling for blind de-  Deblurring Vocal derever-
blurring beration
Dif-Face [237] ICLR 2023 Pretrained DDPM with initialization reverse image for real- Blind face Restoration
world task
DR2 [123] CVPR 2023 Pretrained DDPM degradation removal module with enhance-  Real-world tasks
ment module
DiracDiffusion [200]  Arxiv2023 Incremental reconstruction with ensured data consistency Deblurring, Inpainting
TIGDM [197] ICLR 2023 Pseudoinverse-guided Diffusion Models, non-linear tasks SR, Inpainting, JPEG
Restoration
GDP [196] CVPR 2023 DDPM with Generative diffusion priors SR, Deblurring, Inpainting,
Colorization
COPAINT [216] Arxiv2023 DDPM with Bayes framework, Enhance Coherence Inpainting
SIM-SGM [115] ICLR 2022 Pretrained NCSN with matrix decomposition MRI Reconstruction
ADIR [117] Arxiv2022 Adaptive diffusion model with CLIP SR, Deblurring, Text-Guided
Editing
Feng et al. [215] Arxiv2023 Posterior Sampling with Score-Based Priors Denoising, Deblurring
Liu ef al. [116] Arxiv2023 A latent diffusion guider with a lightness-aware VQVAE model. =~ Colorization
DiffPIR [198] CVPR 2023 Integrate plug-and-play method into diffusion SR, Inpainting, Deblurring
RED-Diff [199] Arxiv2023 Integrate regularization-by-denoising, Improve posterior score  Inpainting, SR

estimation
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3.4.1 Projection-based Methods.
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3.4.2 Decomposition-based methods.
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3.4.3 Posterior estimation.
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p(xely) = p(ylee)p(e:) /p(y). (20)

And the corresponding score function can be estimated as:

Vi, logpi(ze|y) = Vg, log pe(ylze) + se(,t), (21)
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TABLE 3: Quantitative Results of Supervised Models on Super-resolution Task
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Models DIV2K [45] Urban100 [266] Time(s/image) | Parameters | Flops (G)
PSNR SSIM  LPIPS FID PSNR SSIM  LPIPS FID
Bicubic 2536  0.643 0.31 108.2 2426  0.628 0.34 134.3 - - -
SR3 [100] 26.17 0.682 0.24 111.23 25.18 0.693 0.21 61.15 50.4 155.3M 155.2G
SRDiff [101] 26.87 0.694 0.21 110.33 26.49 0.791 0.17 51.37 45 13.2M 84.22G
ResDIff [217] 27.94  0.723 0.23 107.69 | 27.43  0.824 0.14 42.35 - - -
CDPMSR [102] 27.43 0.712 0.19 101.23 26.98 0.801 0.16 39.87 - - -
IDM [223] 2713  0.703 0.18 106.32 | 26.76  0.657 0.13 43.98 59.5 116.6M -
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Models ImageNet 1K CelebA 1K Time(s/image) | Flops (G)
PSNR SSIM LPIPS  FID PSNR SSIM LPIPS  FID

Bicubic 2536 0.643 027  108.20 | 2426 0.628  0.34 13429 - -
ILVR [195] 2740 0.871 0.21 4376 | 31.59 0.878 022 32.24 413 1113.75
SNIPS [110] 2431 0.684 021 12454 | 2734 0675 027  105.19 314 -
DDRM [112] 2738 0.869  0.22 40.75 31.64 0946 0.19 31.04 10.1 1113.75
DPS [114] 2588 0.814  0.15 3924 | 2965 0878  0.18 29.97 141.2 1113.75
DDNM [113] 2746 0871  0.15 40.15 | 31.64 0945 0.16 28.27 15.5 1113.75
GDP [196] 2651 0832  0.14 3845 | 2865 0876 017 27.51 31 1113.76
StableSR* [121] | 25.76  0.842  0.09 2529 | 2534 0.823  0.08 16.12 18.15 -
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TABLE 6: Quantitative Results of Diffusion Models on Image Inpainting Task
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Task Dataset Year Training Testing Short Description
DIV2K [45] 2017 800 100 2K resolutions
Flickr2K [262] 2017 2650 - 2K resolutions
Set5 [46] 2012 - 5 Classic 5 images
Setl4 [47] 2012 - 14 Classic 14 images
Image Super-resolution BSD100 [264] 2001 - 100 Objects, Natural images

Mangal09 [265] 2015 - 109 109 manga volumes
Urban100 [266] 2015 - 100 100 urban scenes
OST300 [330] 2018 - 300 Outdoor scenes
DIVSK [331] 2019 1304 100 8k resolution for large scale factor
RealSR [268] 2019 565 30 Real world images for SR
DRealSR [269] 2020 884 83 Large-scale dataset
GoPro [52] 2017 2103 1111 Blurred images at 1280x720

Image Deblurring HIDE [271] 2019 6397 2025 Blurry and sharp image pairs
RealBlur [270] 2020 3758 980 182 different scenes
Kodak [332] 1999 - 24 Resolution=768x512

Image Denoising CBSD68 [333] 2001 - 68 Images with different noisy levels
McMaster [334] 2011 - 18 Crop size=500x500
ImageNet [210] 2010 1,281,167 100,000 1000 object classes

Image Classification ImageNet1K [263] 2020 - 1000 1000 image subset of ImageNet
LSUN [335] 2015 | 120,000 to 3,000,000(each category) | 1000(each category) 10 scene categories(Classification)
Places365 [336] 2019 1.8 million 36000 434 scene classes
LFW [337] 2008 13233 - Images from web with 1080 people
FFHQ [211] 2019 70000 - Various faces at 1024x1024
Face Generation(Recognition) | Celeba-HQ [338] 2018 30000 - High quality faces at 1024x1024

AFHQ [339] 2020 15000 - Animal faces at 512x512
CelebA [294] 2015 202599 - Resolution at 178x218

Shadow Removal ISTD [272] 2018 1330 540 135 scenes with shadow mask images
SRD [273] 2017 2680 408 Large scale dataset for shadow removal
CSD [277] 2021 8000 2000 Large scale dataset for desnowing

Image Desnowing Snow100k [278] 2017 50000 50000 Own 1369 realistic snowy images
SRRS [279] 2020 15000(paired)+1000(unpaired) - Real scenarios from Internet
RainDrop [49] 2018 1119 - Various scenes and raindrops

fmage Deraining Outdoor-Rain [281] | 2019 9000 1500 Outdoor rainy images
DDN-data [340] 2017 9100 4900 Real-world clean/rainy image pairs
SPA-data [282] 2019 295000 1000 Various natural rain scenes
Rain-100H [341] 2017 1800 100 Five rain streaks
Rain-100L [341] 2017 200 100 Five rain streaks
Haze-4K [274] 2021 4000 - Attached with associated images

Image Dehazing Dense-Haze [275] 2019 33 - Out-door hazy scenes
RESIDE [276] 2019 443950 5342 Real-world hazy images
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Implementaion Details

Target Tasks  (Methods Training Datasets Testing Datasets
BS TIters LR Steps-T Steps-I
SR3 [100] FFHQ [211], ImageNet [210] CelebA-HQ [338] ImageNet 1k [263] 32 1M 1le-4 2000 2000
SRDiff [101] CelebA [294], DIV2K [45]+Flickr2K [262] Dev split, DIV2K(100 test) [45] 16 400K 2e-4 100 100
Set5 [46], Set14 [47], Urban100 [266],
CDPMSR [102] DIV2K [45] 16 300K le-4 1000 100
. BSD100 [264], Manga109 [265]
Super-resolution
DIV2K [45],Flick2K [262],0ST300 [330]
SR3+ [118] Collected 61M images RealSR [268], DRealSR [269] 256 1.5M - 2000 256
Celeba(5000) [294
Resdiff [217] FFHQ, DIV2K eleba(5000) [294] 4 250k le-4 1000 -
DIV2K(100) [45],Urban100(20) [266]
SDE-SR [103] FFHQ [211] CelebA [294] - 1M 2e-4 2000 2000
CDM [218] LSUN [335] LSUN [335] 1024 40k le-4 2000 100
IDM [223] FFHQ [211], DIV2K [45] DIV2K(100) [45], LSUN [335] 64 1.5M le-4 2000 2000
LDM [98] ImageNet [210] ImageNet 1K [263] 32 1M 1le-4 2000 2000
IR Palette [219] ImageNet [210],Places2 [342] imagenet- ctest10k [210] places10k [342] 512 500K 1e-4 2000 1000
. Places-Standard [336],DIV2K [45]
DiffIR [224] CelebA-HQ [338],Flickr2K [262] CelebA [294], Set5 [46], Set14 [47], Urban100 [266] 30 - 2e-4 4 4
Shadowdiffusion [230] ~ ISTD [272], ISTD+ [343], SRD [273]  ISTD-test [272], ISTD+test [343], SRD-test [273] - - 3e-5 1000 25
Shadow Removal |DeS3 [191] SRD [273] SRD [273] - - - 1000 25
Refusion [106] Flickr1024 [262] (Random 800 images) Flickr1024 [262] (Select 112 images) 8 500K 3e-4 100 100
. |Deblur-DPM [105] GoPro [52] HIDE [271] 32 - le4 2000 10-500
Image Deblurring
DG-DPM [222] GoPro [52] RealBlur-J [270], REDS [51], HIDE [271] 256 60k 1le-4 1000 20-1000
WeatherDiff [104] Snow100k [278],Rain-drop [49] Outdoor-rain(test) [281] 64 2000k 265 - 10,50

Image Deraining

Outdoor-rain [281]

Rain200H [? ], Rain200L [? |

RainDiffusion [122] Rain800 [48], DDN-Data [340]

Snow100k(test) [278], RainDrop-A [49]

Rain200H [? ], Rain200L [? |
Rain800 [48], DDN-Data [280]

4 - 2e5

goooooobobobgoboooboboobgon

Methods

Training Datasets

Datasets

Inference Steps

RED-Diff [199]
Rapaint [212]
CoPaint [216]
ILVR [195]
CCDF [213]
SNIPS [110]
DDRM [112]
DDNM [113]

Bahjat Kawar et.al [111]

MCG [236]
DPS [114]

GibbsDDRM [119]

DifFace [237]

Dirac-Diffusion [200]

IIGDM [197]
ADIR [117]

Pretrained on ImageNet [210]

Pretrained on CelebA-HQ [338] and ImageNet [210]
Pretrained on ImageNet [210], CelebA-HQ [338]
Pretrained on FFHQ [211],AFHQ [339], LSUN[335], Places365 [336]
Pretrained on FFHQ [211], AFHQ [339] , fastMRI knee [344]
Pretrained NSCN on CelebA [294],

Pretrained on CelebA-HQ [338], LSUN [335], ImageNet [210]
Pretrained on ImageNet [210], CelebA-HQ [338]
Pretrained on ImageNet [210]

Pretrained on FFHQ [211],ImageNet [210]
Pretrained on ImageNet [210]

Pretrained on FFHQ [211], AFHQ [339]
Pretrained on FFHQ [211], ImageNet [210]

SDE-VP trained on CelebA [294] , ImageNet [210]
Diffusion model trained on ImageNet [210]
Pretrained on ImageNet [210]

ImageNet 1K [263]
CelebA-HQ [338], ImageNet [210]
CelebA-HQ [338],ImageNet [210]

Images from the website
FFHQ [211], AFHQ [339], fastMRI knee [344]
CelebA [294], LSUN [335]

FFHQ [211], ImageNet 1K [263],LSUN [335]
ImageNet 1K [263] CelebA [294]
ImageNet 1K [263]

FFHQ [211],LSUN [335]

FFHQ [211], ImageNet 1K [263]
FFHQ [211], AFHQ [339]
Celeba-HQ [338]

CelebA [294], ImageNet [263]
ImageNet [263]

DIV2K [45]

1000
250
250
250

20
500
20
100
20
1000
1000
50
250
100
100
1,000
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