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Abstract: Image restoration aims to recover high-quality images from observations that are degraded by various factors,
such as sensor noise, optical blur, spatial downsampling, atmospheric scattering, and insufficient illumination. As a fun-
damental low-level task in computer vision, it directly underpins the performance of downstream high-level tasks, includ-
ing object detection, semantic segmentation, and scene understanding. It also exhibits significant practical value in medi-
cal imaging, remote sensing interpretation, surveillance, and consumer photography. The field has witnessed a clear para-

digm evolution driven by the inherent tension between global modeling capability and computational efficiency. Convolu-
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tional neural networks (CNNs) , exemplified by enhanced deep super-resolution networks and residual channel attention
networks, offer efficient local feature extraction with translational equivariance but suffer from limited receptive fields that
hinder long-range dependency modeling. Vision Transformers , represented by SwinlR, Restormer, and HAT, capture the
global context through self-attention but incur quadratic computational complexity that becomes prohibitive for high-
resolution input. The selective state-space model called Mamba, which was introduced in late 2023, resolves this funda-
mental contradiction by extending classical linear time-invariant state-space models (SSMs) into linear time-variant sys-
tems through an input-dependent selection mechanism, achieving a global receptive field with linear computational com-
plexity. Following the pioneering cross-scan module of VMamba and its systematic application to image restoration via
MambalR in early 2024, Mamba-based image restoration has rapidly emerged as an active research frontier, with substan-
tial contributions published at top-tier venues, including the European Conference on Computer Vision, Institute of Electri-
cal and Electronics Engineers (IEEE)/Computer Vision Foundation (CVF) Conference on Computer Vision and Pattern
Recognition, IEEE/CVF International Conference on Computer Vision, Annual Conference on Neural Information Process-
ing Systems, ACM International Conference on Multimedia, and AAAI Conference on Artificial Intelligence, and presti-
gious journals, such as IEEE Transactions on Pattern Analysis and Machine Intelligence, IEEE Transactions on Multime-
dia, and IEEE Transactions on Circuits and Systems for Video Technology. This study presents a systematic and compre-
hensive Chinese-language survey that is dedicated to Mamba-based image restoration methods. From a technical perspec-
tive, we identify and analyze the core challenge of adapting the inherently 1D Mamba to 2D image data. We provide an in-
depth examination of representative 2D scanning strategies, including cross-scan, omnidirectional selective scan, nested S-
shaped scan, and Hilbert scan, and systematically compare their performance efficiency trade-offs across five dimensions:
directional coverage, locality preservation, path continuity, information loss, and computational overhead. Our analysis
reveals a clear evolutionary trajectory from brute force multidirectional coverage toward quality-oriented single-pass designs
that achieve comparable or superior information modeling with minimal computational cost. In addition to scanning strate-
gies, we discuss multiple solutions that address the causality limitation of Mamba, which conflicts with the nondirectional
prior that is inherent in image restoration. These solutions include multidirectional scanning for implicit noncausal model-
ing, bidirectional scanning for forward-backward information fusion, the attentive state equation mechanism that fundamen-
tally enables noncausal modeling by introducing global query capability into the SSM output equation, and cross-window
interaction schemes. Building upon these analyses, we propose a unified analytical framework that is organized around four
core design axes: scanning strategy, noncausal information injection, local modeling compensation, and prior knowledge
fusion. This framework serves as an interpretive coordinate system for understanding intrinsic connections, complementary
relationships, and design trade-offs among different methods. From a methodological perspective, we systematically review
existing studies organized by task type and covering general image restoration, super-resolution, denoising, deblurring,
deraining and dehazing, low-light enhancement, remote sensing and hyperspectral processing, and video restoration.
Across these tasks, we identify six recurring architectural paradigms: pure Mamba backbone, CNN/Transformer-Mamba
hybrid, U-Net with embedded Mamba, frequency-domain enhanced Mamba, lightweight Mamba, and diffusion model
fused with Mamba. We analyze the applicable scenarios, technical characteristics, and representative instantiations for
each paradigm, providing researchers with a structured map for architectural design decisions. From an evaluation perspec-
tive, we compile commonly used benchmark datasets for each subtask and establish a multidimensional evaluation system.
This system encompasses full-reference metrics, such as peak signal-to-noise ratio, structural similarity index, and learned
perceptual image patch similarity for pixel-level and perceptual quality assessment; no-reference metrics, such as the natu-
ralness image quality evaluator and kernel inception distance, for real-world scenarios that lack ground truth; and model
efficiency metrics, including parameters, floating-point operations, graphics processing unit memory, and inference time;
which are particularly relevant given the linear complexity advantage of Mamba. We further provide task-specific metric
selection recommendations to guide standardized and fair evaluation practices. Finally, we identify and discuss several
core open challenges, including the absence of theoretical guidance for scanning strategy design, the immature hardware
acceleration ecosystem that prevents the theoretical complexity advantage of Mamba from fully translating into practical

speedup, insufficient generalization from synthetic to real-world degradations, difficulties in lightweight model design for
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edge deployment, and the lack of interpretability and visualization tools that are comparable with Transformer attention

maps. We also outline promising future research directions, including native noncausal SSM variants, video and 3D resto-

ration that utilize the inherent sequential modeling strength of Mamba, and the construction of unified evaluation bench-

marks. This work aims to provide researchers with a thorough and in-depth reference, facilitating the continued advance-

ment of Mamba-based image restoration techniques toward academic impact and real-world deployment.

Key words: image restoration; Mamba; state space model (SSM) ; selective state space model; deep learning; image

super-resolution; image denoising
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Table 1 Comparison of core features of three generations of image restoration methods
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FreqMamba(Zou % ,2024b) ZJim 2 AR B S KW, AR
RetinexMamba (Bai % ,2025) brif brifE HM Retinex VG FR St

L5 1 Beital 1 S s

AR RBEIRIE T Ak — e R e i —4E Ty
H1) DI SSM AL B | J2: Mamba 38 Bt G PR 2 0 B 2%
TRVEEE. A SRS Al 7 ) B (B 22 22 1a), T 4
6.8 51 ) BEARE SV GESA BRER R E S TE 434
5O 20 R DR B (A5 [ AH AR AR R 7R
9 v AP A S A A 2R AR R R S B A A Y
XF L) LA B335 23 B (RS T B ] 41 4 ) B A0 A
ié%:ﬁ(’fﬂ((ﬂoating point operations per second , FLOPs)
R8O S 2 YEFEHAT VAN

141 SR W 1) B % 2 A F) M RE— A

fir, 207 mEH e AL 2w 4R G B,
BRI B ARG . R Pk i sk B4 % A
(11 NSS A KA BRI 22 A 76 QR FR T B RCR 1 [
RO REN 5 BB
1.5.2 B2 B R BEA

JE i Mamba 6 PR 1 249 309 AN 38 A PR IR
155, ML BLA B GT 4 1 T 2R m ke i AR AR
FE XA Z AR AR, e L
ANJ7 1) 32 4T Mamba, i 5 MR AE 2 /D —A>J7 )
- RERS AT A5 I8, AT [ 2 S B A R AR AR
XL [6] 471 il 5 W A [v] — B A% b () iRF 2 47 1 18] R 1)
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Mamba, LA @il 15 5 75 ] 915 B . 11 MambalRv2
(Guo &% ,2025a) Tk FI 9 75 5, 2 FHE B JPRAETT
2 (attentive state equation, ASE) #1188 2 SSM
Wk th T RS I AR AR RE ) MARAS | 528 E A
FAR . B 1 A2 BT AR i e 1N s A7 R
SSM,, [] i e i ¥ 35y sl A ML A 5 BE 2 10 1] g A
RRAEH.,

FEERE B ARG AR R R 2R RE )
TR . ASE ML BB RESTE T HIHESE T
SEPARPUR AR AR T BRI AR SR
1.5.3 B 3 R R AR M

2l SSM e Jy HR U A AP AE AT AN, 7 2
FIAAMERLH] o LA Jay PR SR £ 475 7 SSM A
U5 a4 BRUZ ARG 58 Jy d R iR SR BE T, 51 A
B B8R A vEE AL 8 i s 4 R
(squeeze-and-excitation, SE) | 45 F1 B 3 & ) £ B
(convolutional block attention module, CBAM ) %53/ 1
TE R AL 3 5 S T 0 1 B S EL, R U-Net 55 %
RZEBATEARTR R b RilG4RAE , DL AESUE T
JRITR S 5

Jr PR M SR W 1Y) T8 R e A SR T A R T RN
IT RS Z (AU . B AU st I R i A B 4%, T 2
JUBE A i Transformer TR A T B2 A1 B 58 71 ) 0 A
RE ABXE I T A
1.5.4  Beithh4: SeRAi S Y B2y

4377 ¥ 44 Mamba 55 P& {5 4b B 45 355 1) 56 56 01
B B RS TR B Rl DABR THRR AT 55 PR, Horh
=Ry IDREREA N e O WA Y R i
B 5y —SE R Ty SR A AR B 5 0 25 B8
IR AL S 25 PR A Ab PR o AL AR AL
B IR S BT 75 B AT 58 A MR K 8l 27 > T AN
5 AR .

Rl RIS TERFE AT 55 L REAS A R M RE 4 TH
A7 (4 AT i Rt , (H n] REAHE — & nosa M. 4l
B B8 Bl 75k 0 B AT S SR 2 A RE 7, 3 A T R
B Y5

2 EF Mamba B & IKE ik
2.1 FESFEEZRERBA

AT AT 55 AN A FE T Mamba 19 B 5 %
BOTIRIEAT o RERR SR A PR AN LT

E £ R R L AR B AR 55 . R8T
S5 YL UORIT IR TR
2.2 BRABEGMERE

18 FH E1% % &2 T35 (general image restoration ) $§
BT WA S 2 FR R T2 MRE 7155 |
PEATIRAE I Tk . AN 3 s, 2R T v 3l i R
HA A i FH A 1) 0 4% A R BB, J& Mamba
P54 52 el fie LA SR A A 0 ) ) —HE A
2.2.1 4li Mamba 14844

4li Mamba 3= T 4244 J& Mamba EMZ K &2 H 5 B
IREMERIBIETE Lk, R SR AR AL T Bk ety —
P Bt AR DAL - BRI T I BRI 2 5
TR Y AR T AT BRSO - MambalR 857 BE 2R
7 ; MambalRv2 i 15F ASE HL il fi# 2k K 52 44 TR 41
MalR i 52 NSS It 4t 1 i #% 12 ; EAMamba i i
MHSSM & 3800

MambalR (Guo 55, 2025b ) $& H % 22 R 25 25 (]
(residual state space block, RSSB) , >k FH U 5 [7] 38 X
SR AL | I 4R AR P A5 B R 3 VR PIL R TR
#b SSM 1Y JR PR AR A JE , J2 45 oK Mamba 22 G873
T EG R E B34k TAE . MambalRv2(Guo 55,
2025a) $ H 7 IR T5 2 (ASE) |, 38 i 8 B i
FFF C i HA 2 R ae )y, SEI PR T 1
A PR 452, R B 4 M R 51 5 3T 4R (semantic
guided neighbors, SGN) AL fie 1 72 FE AR (U5 2= 1] (1Y
i BACHE . MalR (Li %5, 2025a) #2 i1 #4025 S F1 48
(NSS) Hem , 38 2 78 Jry H 0 1 LA S IE B AR A4 Jmy ¥
P BT ] LL ST B R AR R 4 Ry i 2, A5 BRI
i B AT 58 B R R I, 0 4 1 90V R R )
(sequence shuffle attention, SSA)HLHil#E—2& F= & 4
fiE %78 . EAMamba (Lin 5§ ,2025) $ 1} 2 3k 3t £ 1E
H #5 BL Bt (mulii-head selective scan module,
MHSSM) (B4 2 3k E B K 2 AR &
BN G — A R b, 7R LA 4 1) 45 2B 55 A [a] e
FLOPs M FEAIC, 52 PR AR 5 2GR I A 246k
Serpent (Sepehri 4%, 2025) #4514 1k SSM 5 2 RUEE +F
TESTEARZE & 76 FLOPs AL A7 5 T B R MR AL, ik
T SSM Rl ATERR AR T35 SE BUAT S5 ETR K 2.
RestorMamba (Wang 4 , 2025 ) $ HH 4 5 5 [7] SSM &
ALl 3 Ak SSMBEE ] 145 2L DR [RI AL i 4 Tk A
PEfiE. NCMamba (P 78 45 ,2025) 48 H i 17 B {5 52
AR PR e IR A 23 RIS R 5 ik BE AL 4 41 SR
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Table 3 General image restoration methods

ik FERIHESR WO W RFM T2
MambalR (Guo % ,2025b) 4 Mamba £ RSSB + 4 5[] 22 A4 AW ECCV
VmambalR (Shi %5 ,2025) U-Net+Mamba 0SS 7S5 [l 4= [l 44 A InE IEEE TCSVT
CU-Mamba(Deng 1 Gu,2024) U-Net+# SSM 23 [A] SSM + 3 3 SSM X453 32 HE arXiv
Serpent(Sepehri 45 ,2025) Z U SSM Z FROERHIE S + 25k 4k SSM AU arXiv
MambalRv2(Guo %5 ,2025a) 4fi Mamba T ASSM + ASE A S A5 A g CVPR
MalR (Li % ,2025a) 4fi Mamba ¥ 1 RMG + 12 45 STEAAHH(NSS) A e CVPR
EAMamba(Lin % ,2025) 2li Mamba ¥ T MHSSM 4:[i] 3k B4 Eglig e 1cCv
MatIR (Wen %5 ,2025) Mamba-Transformer {4 L XAEAHES HEE arXiv
Diff-Mamba ( Liu % ,2025b) P B A + Mamba DSSM + DFNN B 7 + AU Scientific Reports
RestorMamba( Wang %5 ,2025) B 5[] SSM SSMASEHR 145 2 Bp I e ICASSP
RamIR (Ding % ,2025) Mamba-+Prompt ReAct iR fLIB SR W Applied Intelligence
DPMambalR ( Liu%§,2026) Mamba+3lj 47~ B Ak 35 R SSM R AU arXiv
NCMamba( 175 %.2025) 4 Mamba 3 I« B i s

£ : TCSVT(IEEE Transactions on Circuits and Systems for Video Technology ) . CVPR (IEEE/CVF Conference on Computer Vision and
Pattern Recognition) \ICCV (IEEE/CVF International Conference on Computer Vision) Fl1 ICASSP (IEEE International Conference on

Acoustics, Speech and Signal Processing)

FBE AL HE R B BAL G R R AR 200, il 5 2 RS
ety B RS 4 R 5 B AN 0y AR R
Mamba B8 75 220t RO AN LB 2 ME 55
BIE 1= R R AR SR W A R
2.2.2 Mamba§ Transformer/CNN Ji&& 2244

MatIR (Wen £% , 2025) 4 H} Mamba-Transformer
RA 2, 22 LG HES) Mamba J2 (42 R #2450 ) 5
Transformer J72 (Ja) FRAG 40 AR ) |, FE 42 Jn) B0 5 3
22 B, Diff-Mamba (Liu %5, 2025b) # Mamba 5| A
PrHOBRIAE 22 | 3 319 1 SSM A B (diffusion state
space module, DSSM) F1 § # A1 15 % 2% (diffusion
feed-forward network, DFNN) , i i:f ¥ By B¢ (Mamba
WKL + - BOR B 4071 ) 5230 SSM 5§ 8o # iy
WA
2.2.3  U-Net/Z RUEH5H

VmambalR (Shi 55 , 2025) $ 1 75 7 1) 4 i) 3£ 4%
PEFIHE (0SS B , i) A U-Net 22 ]RUEE B84, i 45
MERINZ Ty R R B SOE R AU 2
26% WY 2 TF 5 5F I R0 Ik B 55 e M RE . CU-
Mamba (Deng Fl Gu, 2024 ) ¥ % SSM HE 42 iz A U-Net
L4 , BLTT s 18] SSM 73 SR 3 SSM 73 32 73 5l 6

2 ) < AR ARORSE 138 3 ] SCIBE , K SSM 114 J 471) A A g
3 [ s 8 FH 3 225 [0 138 3 A
2.2.4 Za—WE

RamlIR (Ding %5 ,2025) #2 i ReAct prompt L,
i b IR A RS R A A S S A S | 15
51 A Mamba B T (2%, fif PR — 158 G AL [a] f b 2
LW LM LB F LR, DPMambalR (Liu
4,2026) #E H S B R (dynamic prompt) 50§, 38 13
IR AEAFAE S AR A P2 AR AR M I F 1A Mamba #5588,
et SSM AR 45 1B Ak S BY AL B2 3 1 4 B RS e B8
YR
2.3 BEBRBIBEER

Fﬂ{%ﬁﬂﬁ%’ﬁ%(super—resolution, SR) 5 1E MK
O3 PR AR VRGP IR, AR A AL i
T RAE B AL A PRI S . SR AT 55 1
OMERTE T FRFE R R R T K& Al 1 5
S At v o PR S DA B R A A1 S v B
BRSPS, X R e AR T 2 R
R SCE BRI 0 S S P B S
(EX3SLITER S W ER Y R ER VS D S /R S AN
e v i b SO 2R IS rb A D Y A
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RIBR e . CNN A2 R T4 FR Y A2 B A1 A XE LA
FI R 3 At BE 85 F AR o Transformer 5244 fig 2
4 Jmy M , (5 7E Ak 1 g 53 % 46 PR I v i — 52
ZRPE BT . Mamba TR 4 o) 2 B 5 46
02 2% FE W OB P B, 76 22 T SR v PE I P IS T
BAF I PERE , A SR AT 55 v — Rl (45 ¢ 1 1 A
BT MBS

SR 3. /& Mamba KIS 52 U AT 53 Hh % B2 1 1
sz — R TIFZIFAER TAE, R4BHET
A T BIGOE 73 BE 4L 1 J7 % . MMA (meet more
areas) (Cheng 5 2024) ¥ H K T Vision Mamba 11
MetaFormer JXA% SR A Y, A2 bl 7 11| 25 56 W A1 B AN
BB W TR L Y R X 2 5 4y R
F . S*Mamba (Xia %5, 2024) £ XT3 R SR AT
55, B AT B R OIR A8 A8 ] 85 7Y (scalable state space
model, SSSM) 4 4 4 25 e 75 23 ], 3 i 45 45 R Ik
A L SR AT B A5 2. Hi-Mamba
(Qiao 55, 2025) 2 i1 )22 944k Mamba 4544 , 1% 1 &y &6
SSM F X I8 SSM P )2 A5 H 3 4o 5 1) 52 3% SR W 72 T
T 227 In] [a] M1 09 i 92 T 52 2 07 145 B8 95
THA 2 E 0 . DVMSR (Lei %5, 2024) 5% i 1R
FRIB IR M K Vision Mamba 230 /A 28 14k 52 F1R
T A 5 2 A I 285 [ s SR P 2R 1) SSM /b 471 4l

T4 , $E P8 BE AR L SwinlR 3% 2 7F . FMambalR
(Zhu 5§, 2025b) # H — HrR A8 25 [ A8 FSSM, 2 T
— B PR A OB R SSM Y B UL IE X, DA
TG B D435 B AL , DT B 473t AR AR 4K token
(] (R AH DGR T S T RORS FZ , J2 2 i M RE f L 1O 52
it SSM-based SR 77142 — . MambaLiteSR (Aalishah
85, 2025) BB I AL 5 TR 2 10 45 5 00 SR B R 46
Mamba SR , 18> £ 15% 244 , JF-7E NVIDIA Jetson
Orin Nano i1 % % 7% I 5¢ i3 & % F . MambaCSR
(Ren 45,2024 ) 51 %] 147 B 15 SR AT 554 HH XUAZ 5t 4
f#i (dual-interleaved scan, DIS) 3R 0% , £ & 2 38 45
FIREIA IS HE A2 U, TF 5 LA RUBE XS 55 451 4 A
Z R BT SUFE R IE R 4E SR B XE BB R oK
IRSRMamba (Huang 5% , 2025 ) ¥ Mamba 5 /)N i 2% 4
FRIE T HIARSS & 0 T 208MEME SR, TEA [ 43 B 47
o AT R R A, A LA AR A S
(5650 %13H . FreMamba (Xiao 55 , 2025b) I [f] 1 2%
% SR, 1% 1T 9147 A9 VSSM (visual state space model )
SR B R Mamba (26 PE 5 2% BE i 42 Jm)
%52 JF Ak R Wi v 3 R PR . QMambaBSR (Di 4%,
2025) #1& A i) SSM L T Z TSR, LAZk 152 4%
JEAE 2 Wil v G R ARG BAME R ke TS
W ) 7 20 X SR I IR A AR BT

x4 BEBRBOWRTMAE

Table 4 Specialized methods for image super-resolution

Tk HERb E S

DVMSR(Lei%£,2024) %5 Mamba + 7518

MMA (Cheng &5 2024)

S*Mamba(Xia 55,2024 ) Al YR SSM
Hi-Mamba(Qiao % ,2025) 224k SsM
MambaCSR (Ren 4§,2024) Mamba + DIS
IRSRMamba( Huang %5 ,2025) Mamba + /]NEz 8
FreMamba (Xiao % ,2025b) VSSM + 45154 Bl
QMambaBSR (Di %,2025) T if) SSM
FMambalR (Zhu %5 ,2025b) —rssM

MambalLiteSR ( Aalishah %5 ,2025) {K % Mamba + Z811

MetaFormer + Vision Mamba

BT MBI RFATIZIL
FIRZE + H ) ﬁfgzz ’ CVPRW
TS + BAME R W arXiv

IR + NERAEZ L AWE arXiv
Local/Region SSM + Ji[ajsc% A INE IEEE TIP
MOACEEATHE + 5 R 57 AE arXiv
/NI A A AR R 1 AW IEEE TGRS
FSM + HGM S 54 B A B AW IEEE TMM
P A T EYSE iy e CVPR
— R RS UL W ICASSP
, . AW+
TCRRAE AL + 3 350 B JiE Sl ISQED

¥ : CVPRW (the IEEE/CVF Conference on Computer Vision and Pattern Recognition Workshops) . the IEEE Transactions on Image
Processing (TIP) .the IEEE Transactions on Geoscience and Remote Sensing (TGRS) \the IEEE Transactions on Multimedia (TMM ) Fll

the International Symposium on Quality Electronic Design(ISQED)
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2.4 EBERE

Y 2 MR QR & B Rl AR 55 2 — LT
JIT A 3 ] Mamba YK 52 75 56 #5525 AR S A o TE
55 AL TTEE X L W15 11 19 Mamba 77 475 SR 55
o DT G 8 2 MR RN L 52 5 MR A4 Ty THT 3R 5 A 2
A 7719 2 M PR BE , OF 5 9 Mamba FE 2R 47 X
o RSHM THTEBREMRELTTJEL . MambalR
(Guo %, 2025b) . MambalIRv2 (Guo % , 2025a)
MalR (Li &% , 2025a) 25 38 F 75 125 42 75 A v R o | 3k
7T RZGPEN, 323 Mamba J7 3% B 4 1B BUAE 58 )5
2315 Transformer 17V B/IMESTSE o (HFE M 7K
T AT R 22 BE AR M AT R , Mamba 9 42 JRy S5
AR L BRI A 3% . DPMambalR (Liu
85,2026 )i i S AL HLHDPRE e A SR AE R e
N SSMARZSHE B it A, 7EARMR A5 X Il ik 92 352 s DA AR
FE 20T, 78 re MR P DX 5 S LA iR 2 M, S s
(] A R A PRI il B 2 . DAMamba (Li 45,
2025b) 5| AR AR L R 1515 SSM A %42, A
TE VO MR S XK. VAMamba (Hu %5, 2025)
& 1N S T W A A R AR IR P 2 g A R
R . P BE T H 3 N A SR S AR LR AT
ST ). SSUMamba (Fu %5, 2024) £ 4 = )G 3%
1R BETT 23 Bl — 61 3% 22 49 4 (spatial-spectral con-
tinuous scan, SSCS)HLH , 45O G HEF 1 42 1 2 [
FARRAG R FIOGTE AR SR P BAE T 41 h DR FFAR AR , R

U-Net Z2 % ] Bsf 55253 [R] RO 3 15 4~ 4 B 1 AR
#i . HSIDMamba (Liu 55 , 2025¢) 76618 4 i I [ it
B AT A [ F ) SSM AT 5 0G5 2 Mt TH R 1 B )
SSM 7E GG 4E B B A5 BN BRI, JaiE 1 X a] '
T AR YA R
2.5 BEGREEM

iz B AR & Mamba 25 BCHI B 5% vh A 56 0
(F 7wl MalR(Li%§,2025a) 7E GoPro £#i 4 I Ht
5T RS R J& H A Mamba J7 % 7E GoPro 1)
RAEIC S, X — B E ARV, B B i 2 [ HE
P M S A Ry AR RE ) ok BRSO A% 1) R A 52 i
{0 Fl, 11 Mamba 9 42 Ja) J2% 52 P AR S0 123X — 755K
5 CNN Z [T i B B AN [A] , Mamba BES 7E £ 14
02 BT A AR R B B A5 R TR AR ARORSE OC 2R, 33 % 1 B
fife KA 2 B Y 2 R B AN R 2 I
&b, Mamba Y 7 51 45 -5 4085 ot [1] 3 3 19 B e e 1
FEAERIRXIN o 5 SRR AR o1 J2 i i) 24 88 15 BT
23 [A) 2 J 455 L SSML Y 388 HE 235 4 R AR G A i
TP P —2S AR5 G5 . ME SRS iz
SRR AT W 1 iz Sh I A I R 484 T SSM
PR PR 285 32k AFE ML A1) B 8% A7 R0 e 1) A A X — R i
o RO T4 T ER LB L 151

EVSSM (efficient visual state space model) (Kong
45,2025) 5| AZ BT 27 ] 1) LA A2 e il SSMUAY) 494
B AR T I X RO A O 1w, DR T4 50 T i £

R5 BEBREREIGE

Table 5 Specialized methods for image denoising

ik FERIHESE LB W KRBT
SSUMamba(Fu % ,2024) U-Net + 25 [H—JGHE SSM 28 [ — i 243 #(SSCS) EN thes arXiv
HSIDMamba(Liu %,2025¢) L] 3 SSM XL R T B OGS AT FR A e arXiv
DAMamba(Li %,2025b) ARG R D) + SSM SRR ESED o e arXiv
VAMamba(Hu % ,2025) PIE T B ) Mamba NESIEBrE=E i A A arXiv

*6 BEBREEMETAE
Table 6 Specialized methods for image deblurring
ik SERHESR AR WBNEL  RFEMTIZIL

XYScanNet( Liu % ,2025a) SSM + ¥ |5 14 AR TR BEAHE A e arXiv
EVSSM(Kong % ,2025) SSM + JL{a[ 25 e H3&E RS 4 + EDFFN B CVPR
MBMamba(Gao % ,2025) iCIZ & vh + SSM I etk TRl v eeiia e arXiv
DDWMamba(Wu%§,2025) WU 7 11 Mamba ZER—AEO T R AR Neural Networks
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™ 2% (enhanced depth feed-forward network, EDFFN)
FETHRHERIBRE T . HAZ O BAE T L5 EA
il AR TCEAT RO 55 U AN R 5 18] 73 A 132 ShBORI 5
S TT3E AT LA 5 46 2 25 R AT T 1), e RS (T
i B g A T R A 7 ) A48 45 R, 7E GoPro Al
HIDE I ## # Restormer (Zamir &5 , 2022) &F 3 2%
CU-Mamba (Deng #1 Gu, 2024 ) il i F-47 1) 25 [8] SSM
I 3 SSM 43 32 H4 AL SSMHESE , % [] SSM i # 1%
RRATE R I SSM OCTEREAC B 5 TUARTHER,
£ GoPro, HIDE , RealBlur-R il RealBlur-J P4 /> 3% 7
ERAE T A% . MBMamba(Gao 45, 2025) #1012
ZE ML 51 A Mamba, i 33 SN IC A2 58 vh X A7t 5%
By SRR B, R R SRR b ) JR AR 2R s
M TUAR R, A 28038 500 % DX T TS . XY Scan-
Net(Liu &5 ,2025a) $& tH U1 Fr — 15 K, il ad 4/
i B 52 A 9 A0 25 ) 7 [ AL, G 2 5 T R e
T i T AN SR WA ({5 1R LU RN 25 A AR RLPEFE s
DDW Mamba (Wu 4§ , 2025) £ 1 %5 [] - 451 30Ul 7 1
Mamba I 2 [y Bt ZAOBIHE 42 , A1) FH BUSAF 2 B AME
IV R S SR W i T B AR B o SUSURRAIE 5
Mamba £ B J5 7% (R 45, 2025) F10f B — Sl
F1R) JRy IR P, T8 e R A 2 ) A 1 ] 20 2 JB s () 25 A
-5 /0N A2 6 A i Y 22 ROBEARUERARE AIE , 563X 93 32
ARZS 2 A P 73 531y <7 4G 2 ol 55 49 el £ L O3
o A SN RS S A S BAME B
2.6 BEBEMEEGEE

PR 25 1 15 78 25 Bk RUE v i R 7K 5 1R 1 TR IR

(rain streak ) Fl1 T %5 (rain accumulation) 5518 1k . Y
JREA 7 R AD KR SRR, B
T 1) 25 BE RN 3 A AE R R X B E A AR R R 25 57, 3K
Ja kT Z R RHTYE R Mamba B 7 o WFFE R,
PRI ) o 0 ) S 8 AT v X I 2 A AR 30
g X SRR R RAE AR T — &R P Y 5 Y
Mamba 775, R TH M T4 TG LN 5K B
£E LI, FreqMamba (Zou 45 ,2024b) $2 1 =
A 538 B 454 . 25 [8] Mamba 43 32 35 Bt Mamba 43+
SRV B4 Jry AR B, 3 i 52 G A LML) S
23 (1] Jof( 5 A0 3 Sl ) TR B2 P [R] 25 W . FourierMamba
(Li % ,2024) KAl B2 2] B AR U3 SSM b s o
Zigzag FAHH ALK 740 %8 Z 407 41 L3217 Mamba, 52
IR S 53 2 30 22 ) Sl R A2 1 s 38 o 2 T O A
FreSSM ( Yamashita Fl Ikehara, 2025 ) 445 SR S FAIF i
I TR BLE B4 A SSM Y Ba R AT Bk 72 , SE
23 [B)— AR A B TE SSM N BRI TR J2 Rl , AR 14
eI SSMZ5 -5 N HMIIFAT " 2 N B Rl 5 A 1
£ . TransMamba (Sun %§ , 2024) 2K H Transformer-
Mamba #4332 FF 47 4248 FH T 2 K148 25§, Trans-
former 73 S A 42 T IR A 40 8038, Mamba 43 3 42 {1 =
R4 Ry ST G A A SRS AR B S B LA
RainMamba (Wu 55 ,2024) $2 ) v R AR R AL 7F
I 2 48 B AT S i AL 4 T 45 6 22 0 51 R 3h A8 XT
P Ryl 2 ) DT M IR 722 A0 DI, A 1 e Sl it g R
AT TERE

KR %55 B1EIK I 3255 55 i 55 45 KA HU 2

&1 BEBREREEKREZTEIAZE

Table 7 Specialized methods for image deraining and image dehazing

ik FERHHESE AN R WBHELL BRI

UVM-Net(Zheng 11 Wu,2024) U-Net + Vision Mamba 4 KBE Mamba Zit {5 B arXiv
FreqMamba (Zou % ,2024h) =HE A SSM )+ B + I SEHE AR ACM MM
FourierMamba (Ti % ,2024) FHLM222] + SSM Zigzag ST 3H A arXiv
FreSSM(Yamashita #l Tkehara, 2025 ) A 5 SSM AR BRI A A ACCV
TransMamba(Sun % ,2024) Transformer-Mamba X433 BNl AN e arXiv
RainMamba(Wu %5 ,2024) 28 SSM FRMAREIN I + xFHe2E>) AR ACM MM
RSDehamba(Zhou %5 ,2024) %4+ Vision Mamba T T A 2 55 T A UE arXiv
LMHaze(Zhang % ,2024) MoEHEZAY + Mamba %5 Z5 SR IS N T KOS A arXiv
WDMamba(Sun %,2026) /NS + Mamba AR e B 5y 5 b B AW TEEE TCSVT

7 : ACM MM (ACM International Conference on Multimedia)
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W T R J3 ) PR o RS A 2 Ry 22 35 A 55 it 1
Py HRSEH . Mamba 75 2555 A T BE Z A BAE 5
JIG 528 D) 2% B ) ) BRABEARY il S | o UVM-Net
(Zheng Fl Wu, 2024 ) /2 fz 7 ¥4 Vision Mamba H] T [&]
R TAEZ— #% Vision Mamba B A U-Net
gt as b, g G 2 ROERHIERE & 5 2 Ry s B 52
PLEA P J55 . RSDehamba(Zhou 45 , 2024 ) 1] [i] i Jg&
TR KNG 25 BT i ) Vision Mamba [ 4%, DLIG
THEL T8 92 BE R iR v 1 IR EUR Y 2 JRy %5 o CSC-
Mamba ( F 5T 4§, 2025) % i1 T & T cross-shaped
convolutional Mamba model %32 J&& K% 2 55 i A, F)
J11 SSM B2 P 52 2% 2 S B 4 Jey BT SCZ i, [ i 1)
H CNN HI35E T {1 = 7P AY CSwin SRR 5 A
[) J7 ) S PR AIE LSRN 55 40 A1 19 25 ] AR AR RRAE
£ SateHaze | K B 45 36 0iF 1% ik M L =1
Fis 2355 ORI £, WDMamba (Sun 45,2026 ) ]
FH /N 72 0K G ik S AR (55 < + 4540 Al
(% + LU 435 )5 43 50 1] Mamba 420 21, 52 81
T 2255 B E v 19 o i XA . LMHaze (Zhang
4 ,2024) K FHIR A% &K (mixture of experts, MoE ) #E

28, LA Mamba R %0 % FZAMF 555 R E S
WO AN [F) & 2, 1G5 06 AN [A]R Ab 2 B2 1Y 3
eI,
2.7 REEBEGILE

11K 18 B2 16144 4 58 (low-light image enhancement,
LLIE) 5 fE 0K A2 LR EE N A2 R R A 52 B %t He
FERERAFE o LLIE A 55 I R i BOR PRAR : 1
X HP {5 e EE (signal-to-noise ratio, SNR) A, 3455
5 JE AL SR TR 2P T R W 7 (R g o — D S RS o7
JE ) s ORAG BAE R IR BT ™ R Ak, A IR A IE R 2
7% 4 BRI AR 31 6 IR Al i e Rt i )
PR (AN s ARG BEZR AR ) MERA A T IR A 1
T LA 2K B . Mamba 942 5y 237 17 (i H AR A%
R A T P 5 ) D1 R 01 RN P 7K, Ay 4 R P £
O Bk TR 23 [] [ 3 1 0 M 7 A B R T AR
fih o [IA, Mamba (3656 4 HLHI (L 58 48 78 5 SNR
DX 38, (5 5 1 7 ) 38 i 0 A2 DA DR B 45 FE IR SNR X
B (Mg s 7™ ) o st Ak DA S ) e A, 55 LLIE | 3
SR— R MR R — 2. R8A T A TR
UGBS 5 L 37 ¥

*8 RREERGEREERS X

Table 8 Specialized methods for low-light image enhancement

Jrik S Pot 01 I ezt
RetinexMamba ( Bai % ,2025) Mamba + Retinex 1530 Retinex 4> + & RYe A A58 ICONIP
RESVMUNetX (Wang %%, 2024a) VMamba {fx A U-Net EAN Sy 5 i HUE arXiv
Retinex-RAWMamba(Chen%%,2026a) ~ Mamba + RAW 3 Retinex J\TF A4 + Bayer it it AW IEEE TCSVT
MambaLLIE(Weng 25,2024 ) A J—JRrEB SSM B2 Retinex B AWK NewlPS
Wave-Mamba(Zou %5 ,2024a) /N3 Mamba UHD IR b AW ACM MM
ExpoMamba ( Adhikarla % ,2026) i 2 SSM B WA A AW WACV
BSMamba(Zhang % ,2025) FLJE Mamba + 1 . Mamba ST SRS A A g arXiv
SNR-Aware Mamba(Chen #1 Hao,2026) SNR[']4% + SSM SNR R[4 B AW PRCV
GLMA (Li%,2025¢) 4 J{— 5 Mamba BEOCHRERTSRE A Appl Sci.

7 : ICONIP(the International Conference on Neural Information Processing) ,NeurIPS(the Conference on Neural Information Processing

Systems) , WACV (IEEE Winter Conference on Applications of Computer Vision) , PRCV (Chinese Conference on Pattern Recognition

and Computer Vision )

RetinexMamba ¥ Mamba 5 {2 3 Retinex 43 45
&, M Mamba A4 4 J5) 8652 B IR RN R i 141 501 i O3
A1 LA B AR B G IR AL 3 DD R s — O R
MambaLLIE (Weng %5 , 2024) 2 H & 5X Retinex /& %/

B, SR 4 Jm—SR G — Ry i P B Bt SSM 12 4%
Jy SSM G IR 73 Ay AW P 7K -, J= B8 SSM kAT g
52 A RIS 2B . Retinex-RAWMamba(Chen
5 ,2026a) ¥ Mamba i H] T RAW [ 45l (1% 2 2 4%
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SR, [ B figp 2R 2 Lh 3 B R 25 MR ] L, X Bayer [ 41)
FEIRZE R BT /D7 m A48 L . Wave-Mamba (Zou
S, 2024a) K /N $e 0 i FEUR 8% Mamba 32 %
FH T4k BRARAR 73 (CREAR S FE RN 25 4)) , ATE D 911
BT BY 52 B =5 7 (ultra-high-definition, UHD )G H#
JE 4 5% . ExpoMamba (Adhikarla %5 , 2026 ) 7£ 47 % du{
rh i SSMUBRLHR B0 4 R BT SR i A 4R
Vi PG B 83038 1 73 AT 1 i, ) AR 4 J) R PR R
bz (]I SSMAE Sy i A 9 AN AL . RESVMUNetX
(Wang %5, 2024a) ¥ VMamba £ He 4w A U-Net Zi fift- i
s ERR GGG B R R A%
4 Jey JEAZ BY LA X LLIE A AS [a] ROEE A AR A s =X
BSMamba (Zhang %5 , 2025) 2 tH} 5% J& Mamba 115 X
Mamba XUH AT, 145 3l 2o 5 B2 5 | S e e i
FIVARESE A3 A I v SCORFFAIL ) A O 1 ok
iof B ik AF B 58 B Pk . SNR-Aware Mamba
(Chen il Hao, 2026) & 114% X5 W LE , 3] SNR
FEAD 14 SSMAY AR BEFT + 1K SNR X I8 55 Mamba
DAk G il R M R R SNR DX % 97 4 Jmy A i 4 7 4
YK E . GLMA (global-to-local Mamba architecture)
(Li %%, 2025¢) K 42— JR 8 Wi i Be Mamba 2244,
2B B A TG IR IR, Jay F B Be ik &2 Se B
5 MambaLLIE (Weng 25 , 2024) 1% [ 2 Retinex J& 1
FERCEAMY A TTE
2.8 H{themim

B b 3 BAT 55 41, Mamba 368 75 38 J88 5 5 i
Ab PN K AR 52 55 224> T7 ) e SR B FH R )
2.8.1 IR EDLIE RIS

12 S PR A R D6 (4] f8 Ak 32 Mamba J5 15 1Y
— BN T ) o R G A MR T G A
T X BTRER) PR A S T 2 b2
o mCTE UGN EAT =445 (25 18] x 25 i) x
T ), % 2 HE R PR AR ) T RRIREEOR . Fre-
Mamba(Xiao 55, 2025b ) 4 i 4 %24 Bl Mamba HE4E H]
FHREIE SR, B T IR BE PR (frequency selec-
tion module, FSM) L5 IRk 75 25 [B] B2 5k (visual state
space module, VSSM) FVR A1) T’E*ﬁﬁ%(hybrid gating
module, HGM) = Z¢Fll & 2244 , {3 8 HAT-L (9 7]
A TE #E H 29 1/4 W 17 . ConvMambaSR (Zhu 4 ,
2024) LA Mamba A 4 Ja) 321 22 RUBE B B Jap 048
SRI; S, W A 3 N LA T TR SR TECR AR
B R B A B B 5 Transformer J7 7 1] FE 1P

fitc DHM (dual-domain hierarchical state space mod-
els) (Meng % ,2026) % 1145 [A] Mamba F15t i Mamba
P 2R TEAT A2 53 ) S ASE 25 1) DI 305 4 B2 i R FR AR
1, 308 3 A8 S Rl O T A A A R
B T YRR B TR Bk .
2.8.2 PRI

FERRATR 525 A0 7 ) S A5 45, Mamba FEAH
2 S 2% BE A A O L, AR RS i vy Ak 7 v 52 R
TR SRR X - T 6] 3% S AR A AT
55 PUARUEHIE [ 14 2 (8] — I PP = 4E RS & 454, 2
SRR () R 52 ot P 200 AR R ) 5 B IR
FAARHSH FEBE JT . X — 05K 5 Mamba #9751
KRR w5 B 325, D MK 52 s A B AR T
HARAME T 28 72 . MamEVSR (Xiao fil Wang,
2025) F1J FH SSM =3 &4 b B A AR B AY S P 91 4 3
Kol P =R AE B A5 R H R ot 5 S B R UK 5
(1 045 43 HE K . VSRM (Tran %5 , 2025) L Mamba
AT SR T, BUE T SSM 7E LA Kk & 45k 1) A
Rtk

B L3R 2y [ 5F, Mamba i 76 RSB [ 52
Z Bk R AR AL DL KO0 37 5 3 B S5E 24> 4
o3 U R B R AR B T SSM 2R R Y T i
Pttt . SEM-Net(Chen % ,2025) /& & - #% SSM R
TEGERE 1 J5 ik 32 1 18 JE Mamba 3R (serpentine
Mamba block, SMB) Lk S J¥ B 44 it 7 {5 25 {4 457 25 (]
SN 455 X FA AL 1Y 58 2, SR U-Net %
RS ER 2244 . Orpaint(Meng 55, 2025 ) F1| FH SSM A9 4>
Jry R RE g S R SCH R BT R REAME S HESE , T
e RIS E X s BRI AT A I 45 4 Se 06 58 iUk i
X3 &% . ShadowMamba (Zhu 55 ,2025a) F| i} SSM
18 4 Jr JRSZ B SRR ORI R A R B 52— R B 52 IX v
PG AR , i i PRV ML A 78 B 52 10 5 DX A i o7 1
SRS T B BB R K BR o GLIHamba () 45 B
4 ,2025) ¥ Mamba i ] T B &AL, B3t 42 )5
SSM 73 SR AR St — 1 S PG R R Al A8 B R
Ab B30 FORG A (% 3o 1, S G IR A LS —
PEVEFE . DnMamba (ERVE 28 ,2025) % Vision Mamba
(18 42 Jay S 52 BT AR 107 ) T b o Al R 7 R A
B£F DnMamba F5E 5 (8 1l 2 B0 L MR TR IR
PIE MR IO 58, A SR 25 23 ()45 AL R A7 4K
P M0 42 Ry I vE b T SO AR T R AR
SHYREE . X — T A4 Mamba ¥ 52 75 12 9 17 H
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GRS B R AR T )T M Bk P B R Ak B
LFMamba (Wang 55 , 2024b) 75 K ¥ SSM 5] A )63
SR, 7E VU 4B CI7 80 1 — 44 i 3883547 SSM LA
KA A5 ] —ff 2% B . L*FMamba (Wei 55,
2025) 7E I L Ailf | 48 S i Ak LF-VSSM A 3ke , >R H]
Wit X2 U0 R RRAE A USRI, KR s> S 80 it

8

3 HE&ESTAER

3.1 EEHESLA

BT Mamba 1Y BHMEAK S J7 278 224> Fn 1 25 1
e LT UIZRRPEI . 3R OHAT S5 AN T
AT 55 i i B0 48 M HOC R T 7k

®9 ETMambaERIREFEERBEELS

Table 9 Summary of commonly used datasets for Mamba-based image restoration methods

1155 il Ay Hps EY=
5P DIV2K ) S PN A 1 000 1% SR AUFRENNZRAE , N R
I HE Flickr2K e ST [ AR IENR 2 650 i W5 DIV2K B4 25
P Set5 / Set14 2 AR 5/14 17 B2 A I SR S R 42
BT B100 (BSD100) EPNEIA 100 1 Berkeley 7 EI 5 45 14
5P Urban100 W AR 100 1 A E N G A A5
P Mangal09 H A 12 1) 109 1§ RS EIEFJLES
FM SIDD HIR e TP 30 000+ STHL 103 5REE
PR DND FLIAHAIL I 50 1 4 BABBLROER (AL
P CBSD68 B S g 68 IF BRIER €5 i 25 M e
FM Kodak24 A I T A 2411 Kodak 22 #it T4 115 4
P McMaster A B T 1811 PRI SRS S
LA GoPro BB 3214%f 240 /s fe TR A G BUASA
A HIDE iz S 2 025 %t 5 NRAENIAZ 337 55
A Real Blur-R/-J HLR % 980 % FLSARHLRL B IAiE 3
KW Rain100H/L L ATES 1 8007200 %if R /7N L 2 AR A
P Rain13K A RS 13 000+X%F Z MRS L 55 1)
5 RESIDE (SOTS) B+ HY% 72 1351/ BNIEING R, F R
LLIE LOL / LOL-v2 FLOR MR 500/1 000+%} S O X R AR
JE4i LIVE] JPEG JE4ithse 2911 JPEG KON briil 4
=45 Classic5 JPEG R4 thig 51 2L JPEG £ PhRg 4R

3.2 iFfhEiERR

PRS2 7 125 AR PP 14 2 B 41 P4 B o 48 s A
FAVICRIGAR N HERE o R BT i b ARl 2 75
5% K% (HAE (ground truth) ) 70 N &S E 48R
TS %465
3.2.1 @ZFHEURF SRR

S fe bRl Z R R AR 2 R S5 K
BT RS P Z B 22 57

1) W1 {5 M 1L (peak signal-to-noise ratio, PSNR)
JE Al Bz Y EHR BT i 38 BR . PSNR L3 DL (dB)

B BB R s A i L . PSNR H
WA 3R 0] 10 A B, 2 LT T TR R 518 3
B B TR AR . 78 SRATUIE, 3 7E YCbCr (LR 25
()Y Y 388 (52 B2 1 ) b it58 PSNR, X AR &R
PEATEBT (x 28000 218 R, x 4 B3V 418 % ). PSNR
1) FEZ R BR7E T HE TR RAMSE &S
MR R 5 RN A 64— B —— P i 40 o o 6 2
S A 5] B BATAH I i PSNRAH

2) 45 ¥a) AH AL 48 #5 (structural similarity index
measure, SSIM) (Wang %5 , 2004) M %% & (lumi-
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nance) X L& (contrast) F145 ) (structure) 3 4 &
JE A R AL

SSIM B B A [0, 1], B3 1 2/~ 1 & ok it
HAF . AH EE PSNR, SSIM BEAF 4 AHR A 40 5 S B
il —— NHR X5 F 45 B AL A (03 G A B ) i) fUR
JEE E TR A ) AR AR AR BB . SEBR T
H, SSIM IE H 7R R i i i E B R R TR A
f. 7 Mamba P& 2 3CHk f , PSNR 1 SSIM JL-F- & 2
BN

3) 2% > B AR B A5 )L (Tearned percep-
tual image patch similarity, LPIPS) (Zhang 55 ,2018a)
T TN 25 8 B A 25 I 465 4 B 22 R VR J2 P R 3R
N TERRIEZS ] op B e R S S R Z ) 1Y
JEONFE S . LPIPS MBS A [0, 1], /N3 7R B
J i, A G PSNR R SSIM, LPIPS 5 A 2% 3 Wk
SR — SR U ILAE DAl SO T SR B B
SRIE D5 T, HAE N R SR T 55 By —2K
HA[E71%.

4)#H % Z B (correlation coefficient, CC) JH T 1
KL BB 5 S H KR Z B AP OCREE . CC
WEE D [ =1, 1], BT 1 3 7m YKA2 o il 4
CC 7£ 32 JE K% @l A (pansharpening) 11 45 W1 )1z ffi
HLOHTG RS2 R 5268 2R SRRz
(i) Py 225 T) RIS — 2k

5) 1 ff B 8 (spectral angle mapper, SAM) F
TREARIKE MR 557 BROGIE4EE kA
J& TR WS 1) 22 1] 6 e DAL DG T Ok
HREE . X T 206 motig RUR th R MR R AL,
SAM JE X

LY ) ()

%] =]
R, 2, x, € RESHIIRE BRGNS % UG AESS i
MERACE R BAGIE &, ) WNBIEE,| - |
A LR R R A SAM LLEE (%) S B, B (.
/N R T R O BE B o SAM S i G T TR K
52 (AN G 2t OGR4 g moGis o B
IR B R RS AT 55 AT BB AP R AR

6) 4 Jm XS TG B 2N 25 G iR 25 (erreur relative glo-
bale adimensionnelle de synthese, ERGAS) J& i &% [¥]
BRlG S R 25 BT PR R bl & D
Bomy ¥ 05 AR R 2% A K S PR R R AR T i

N

1
fsw = N zarccos

i=1

ERGASE X H

B d, |1 &(RMSE,\
Finors = 100 - 3 ’BZ( ” ) (6)

A, d, /d, R i 3 AR S AR B R 2 Ta) Y 25 )
ST PR A, B R BB, RMSE, 55 b AN B ) 3
TR 22w, WS AR b DU B B .
ERGAS $UfE B /N 7R ot i B 4 46 A 1 18 SRR
Iy PR A O EAAE S5 h ) 2 R AR RAE T
I B I — AT R TS R B S B2 S Y
i) , BEAS £35S s (AL RIS PR A4 B2 4K 5 o o
3.2.2 EZFHEURFEIR bR

S EZRRIATESZER G TELY &
TG AR L B L

1) H 4K B BT 5 PFAl 5% (natural image quality
evaluator, NIQE) (Mittal %5 , 2013) J& — Fh 5% 4= L
WIGRBAE AR TE /Y B B PAG bR . HoAZ O A
H AR BEHER B ] 8 0 — 1k 52 B &2 28 (mean subtracted
contrast normalized, MSCN) 7EGt i1 E Al A =i 704
KGR 2 S BOZ 3 A 85 FARGETTH LA

2) w1 iR 5 2 (kernel inception distance, KID) .
KID (Binkowski 45 , 2018) 7£ #f 5 #k 4 & B 5
(Fréchet inception distance, FID) (Heusel ¢ , 2017)
Feal L5l AT B K {H 2 % (maximum mean dis-
crepancy , MMD)HESLA B it A= il BHZ 50 A 5 55 1A
B oA Z IR BE B, SR T FID X REAS AT A 1
AR IS

3) Jt 2 % Jii & #8 A5 (quality with no reference,
QNR) (Alparone %5 , 2008 ) & Ay i B 4> (. B AL AT 4515
T, 38 3 PR GG R LR R A ) L, 2R G Al
RS R B B
3.2.3 MEIURCRIEDR

VAL T Mamba 1 BRI 52 J7 ), RCRFE bR
5 te bR S E 2, [ Mamba (9 2Pk 44 5 2
HE LB Z—.

D) SRR o] YIS 500 BB, DM
(A J7) 8K CT) S B, S AR IR i) £ fidh o 5K AR
B 7E Mamba P& &2 SCHR H, 6 1 OB HY 1Y) 2 400 i
AR KGO, MR ERL AR 15~20 M 4]

2) 7 53 B EL (floating-point operations, FLOPs)
JE AL BT [ AL R BTl I s U, L G (-
) Ry s SR R TS S R FE AR MES R b . T 20T
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2, FLOPs BT SRS T4 AR, Mamba YK 52
SCHR P 1 256 x 256 18 FEAE bR ifE R AR
AT o 5 FLOPs % U1 AH ¢ 1Y J2 3 iz 5 &
(multiply-accumulate operations, MACs) , 1 MAC ZJ%
T2 FLOPs, #4318 3C i I MACs fE Rt Bt i .
3)GPU AT b I ELR R E T R AE AN [R] B -1
i Ery ] i E——m o PR B R AL B, WAFAELE
2 TR R A, Mamba RZR 1 B AF
R HAEIZ A8 L AR Transformer EA7 BARA L3

4) Hi: S AT ] 2 b B PR R FE T, DL 22D
(ms) SRS (s) BENL o ZARIR SR BB UG,
ARV SCHI AR 5 28 (GPU U5 CUDA JiUAS it
KNG ) RTREANTA], DR AR A ) LU 7 T e — 5K
56 & F . H AT K £ %0 Mamba Yk & J5 32 7£ NVIDIA
A100 5% RTX 3090/4090 |- #E4 74 B Asf [i) 03k
3.2.4 fEbRiEEEEY

AN TRV S2AT: 55 X6 46 A i ) 55 A7 B AN R . 3% 10
TR T B AR5 TR bR 2 & B LB ARl

F10 TEMEESHEREEZINL

Table 10 Recommended metric selection for different restoration tasks

WEAL 5 EEIER i
P50k o3 B PSNR 1, SSIM 1 LPIPS |
R 3 e LPIPS | ,KID | PSNR 1, NIQE |
GEESRUA PSNR 1, SSIM 1 —
PR LR PSNR 1, SSIM 1 LPIPS | ,KID |
EUR KT/ 555 PSNR 1, SSIM 1 NIQE |
R R Pl i PSNR 1, SSIM 1 LPIPS | , NIQE |
KT EG I R PSNR 1, SSIM 1 NIQE | , UIQM 1
e S PSNR T, SSIM 1 SAM | , ERGAS |
i R RS CCT,SAM |, ERGAS | ONR 1
ERTGEIE RS PSNR T, SSIM 1 SAM | , ERGAS | ,cC 1

TEe T FORIE R bR CRUEB S ML) , | 3R 30 048 AR CEUEDBITEUS ) , UTQM 7K T M BT EEBE, =" 3R JoAR B Ar o

4 £ 15

BUGIR I & 7E D32 1R A PR 3R 52 el )P o 2 [ 15
rhpk A2 v o S SR TR U A A 0 IR
55 . 2023 4F IS 4 MY AY 2 4 MR 2 = ) A B
Mamba , 7 Hof AU ) B MEAIL , 7E PR 45 42 )
JRSZ T Y[R I SE L T R T SR A R R A
P T e 4 S R RE 1) SRR H TR . A
S HE T Mamba (8 BRI 53607 T R 4RR
(G AER S ENE NI 8 IE S a AIY
CINCIC N RS NG T /- A e A ia
AR AR TAE . WEOREERTE , Mamba 1%
WA 2 D5 1 M Ak 2 BT 55 L it 4l
Mamba 224 B3R -5 224 L M\ 22 5[] 45141 ) vo R0 H 1)
PP RIS SE5 AR W], Mamba 7 (£ 2
ARIZAE S5 LIk B sl T R S50 DX Transformer

B AOF LA 5 5 SU A5 R 1) KRG
E3EE o Ly T

JAE BT Mamba 1 KWK 7 U5 T 18 3%
HERE ABAT T G — S PR R, (AR — R R

DHEF RGBT 5 RS R . anfepi — 2 &
1§78 WU Ak R — 4 P 51 J& Mamba UG R & A94% 0
FORME., HRTFH AR B35 =B T 456
TR il S 06 56 IE , B = HIS 2 T A 48 S R 0] . AN TR
1 55 R0 T Qi A [) P 41 45 SR s, (L TG R S A 3
fife T W A L 0 SR W Bl A RS AT 55 o A, SSM Lk
U 235 4 ) PR SR 2 RS I A R IR SR AT 55, R
MambalRv2 (Guo 45 , 2025a) () ASE L i £l MaIR (Li
45 ,2025a) 1Y NSS I CLF2 it 7 A2y TR ooy
% BB JE AR AR DR SR Y SSM AR (ARAT) S — NME G
RINTT T

2)WE A A AN A . Mamba (2645 22 14
o3 o A 5 e Ak R L PR A HE B B AR 3. T
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CUDA 14k 2 1Y 1% 2% B AS 411 CNN A1 Transformer,
Mamba F) 52 Bl He AU BEE (Y 60%~80%. 1E
RaHER 5T, 20 R E AL BY Transformer 52 PR
I PR 0] BE 5 Mamba FFFEL B WP, K&
Mamba #t X i) AN Wi H: K Fil CUDA kernel (1) 15 2241
b, X — B BB 460N

3) AR B S T AE T E . Transformer i H 7
A AT DL L AT AR S T L B
PR AR B OCE BRI TR . AT,
SSM (1 B #E P AIL i e = 28 AL EOUL T ARLAL T2, X
T SSM AN ] 7 Btk A5 23 8] Hh G A A% 3 RS B
TR An ey DX 1B A o35 1 T A5 5 SR O L
il Y ERAFATI SR AT FR o T & SSM & F %) m] IRLAL F i
T E AR FHZ SR AT {5 2RI A] R R ) EE oK

D EW—EE . H AT K 240 Mamba 1K
ST EAE G U ISR, 7EG 4 B P, 8
TER S s P Rz AL RE A TR IE . & RS
FLRAZ [AA AR 22 0, S SO R fE L SE R |
FIRE BB m B i SO A R 5 k. el
SUNERSIS €T3 T e AT VNS BNt S I SR V- LS
$& T+ Mamba 75 15 75 FLE2 8 55 R A B R, J2 7 ) 52
o 17 ) G B )

5)RaA SN IE . K Mamba K 52 A5 Y 7
FRERETILER s s EAmG P . R
DVMSR . FMambalR Fl MambaLiteSR 55 4% i 1k J5 ¥
O HUAS — s i, (1 10 R0 B A 55 4 £ R 75 SSM
B FHARSCRATY R 2P ik . AR AR P [ 5
T2 A GE B E 77 6], MambaLiteSR 7E Jetson 1 2% 1%
BRI TN,

6) I = AEIR S . MU A BT 2 i ]y
B, T SSM IE S Ay P A R 1A -, 3 A A MART R 5
Ji% 24 Mamba e H 45 #4) VA #5192 1 05 1 22— o
RainMamba 1 MamEVSR & ¥ 25 78 T Mamba 7£ il
A2 T AN A AR LR AT SR A B A RO, P4 2 i
PRI AR ARG R A A 47 {1 S5 AT 45 Y ] 32
% T Mamba 9 = 2 7 B RE 7 o B0 AE , i 1A
BN MG 55 22 AU W R S 2 (E AR R 1Y
Ji 1)

DGR SEIRE A B, YRTE= g — 1T
DUAEZE AN R]38 SCHY I B 8 A 7R 22 57, R B 1850
(BT LU AAAE AT L) 8, [Rl i), B0 H s A 1
PR Z2 FE 1 T B JCVE S e LS R iR L 2 4

P HEGE— 1Y Mamba VR 52 D1 AE S8R0 BT RS |
S ALY B SSR A EE B, 0 HE S U LY
bR REE,

Bl L R A 30 3% 2L 51 , Mamba A B2 5
CNN F Transformer 3 [] 44 Ji 48K 52 €50 B0 1 =K
FERIVE S, T2 AR B 5% R0 T RE R FH v & 4% H 25 B
IFE
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