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RESEARCH ON IMAGE SUPER-RESOLUTION
RECONSTRUCTION ALGORITHM BASED ON DEPTH
FEATURE INTERACTION

ABSTRACT

Images serve as crucial carriers of visual information, and their
resolution directly determines the richness and granularity of such
information. However, due to limitations in equipment energy
consumption, transmission capacity, and shooting environments, low-
resolution images often lack essential details. This not only compromises
the visual quality but also hampers subsequent image processing efficiency.
To address this issue, image super-resolution reconstruction technology is
developed with the core objective of reconstructing low-resolution images
into high-resolution ones to restore lost details as much as possible. Image
super-resolution reconstruction is a classic low-level visual problem in
computer vision that represents a typical inverse problem. Low-resolution
images lose numerous texture details while corresponding to multiple
adaptive high-resolution counterparts, thereby hindering accurate
restoration of texture details in high-resolution images. In summary, image

super-resolution reconstruction holds significant research and application
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value while presenting various challenges. This paper focuses on
addressing how to learn lost image texture details from low-resolution
images within lightweight image super-resolution reconstruction
algorithms and how to accurately restore the texture details in high-
resolution images through relevant network structure design and
algorithmic advancements. The main work is as follows:

(1) The construction of lightweight image super-resolution
reconstruction algorithms primarily relies on convolutional neural
networks, with limited utilization of Transform. This is due to the high
computational complexity associated with the multi-head self-attention
mechanism in Transform, making its application challenging in
lightweight image super-resolution reconstruction algorithms. To address
this issue and reduce the computational complexity of Transform, A single
image super-resolution reconstruction algorithm based on high-order
gating interaction is proposed. Because the lost information of the low-
resolution image is often high-frequency information, the algorithm mainly
digs the high-frequency information in the low-resolution image to restore
the high-resolution image. Firstly, recursive gated convolution is used to
replace the multi-head self-attention to reduce the computational
complexity of Transform. Recursive gated convolution adopts the
recursive form to divide the dimensions of the features, and realizes the
high-order spatial interaction of the features. The second contribution of

\%
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this study is the proposal of a residual global adaptive filtering block to
address the challenge of extracting high-frequency components in the
spatial domain. By assigning higher weights to these high-frequency
components, our approach effectively directs the network's attention
towards them, thereby enhancing the super-resolution reconstruction
performance. Finally, the Transform network is rebuilt by combining the
residual global adaptive filtering block and recursive gated convolution.
Experiments show that the algorithm achieves the best balance between
network performance and network computing complexity compared with
the existing advanced algorithms on multiple benchmark datasets.

(2) Further considering the locality of convolutional neural network
in inductive paranoia, from the perspective of global interaction of features,
a single image super-resolution reconstruction algorithm based on iterative
high order gated convolution is proposed. The algorithm aims at the
problem that the recursive gated convolution cannot fully interact with the
feature dimension too small when the feature interaction order is low, and
proposes iterative wide-area gated convolution to further realize the global
interaction of features and reduce the locality of convolutional neural
network in inductive paranoia. The algorithm further reduces the number
of parameters of the Transform network and improves the computing
efficiency of the network by replacing the feedforward neural network
block in the Transform with enhanced contrast-aware channel attention. To

VI
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solve the problem that the residual global adaptive filtering block is
sensitive to the size of the feature input, in the frequency, the large kernel
frequency convolution is proposed to remap the high frequency region of
the feature. The large kernel frequency convolution is more adaptable to
the input and more lightweight. The algorithm analyzes the residual
features through the residual control unit to constrain and optimize the
residual features of the network. Through experiments, the residual control
unit can effectively accelerate the convergence of the algorithm and
improve the super-resolution reconstruction performance of the algorithm.
Compared with the existing advanced algorithms, the algorithm has the
minimum computational complexity and achieves the best results.

(3) By analyzing the effective components in the Transform
architecture, the CNN architecture is further optimized, and based on this,
a single image super-resolution reconstruction algorithm based on feature
distillation and structural loss is proposed. By analyzing the process of
feature interaction in the Transform, it is disassembled into the global
interaction of pixels and channel mixing. Firstly, the distillation link is used
to improve the ability of network channel mixing. In order to further reduce
the computational complexity of feature distillation link and improve the
computational efficiency of the network, the self-distillation link is used
instead of the traditional distillation link. For the global interaction of
pixels, a large kernel convolution block is proposed to expand the receptive

VII
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field of pixels in the network, and further improve the super-resolution
reconstruction performance of the algorithm. To solve the problem of
errors in the image texture details of the high-resolution image restored by
the network, a new loss function is designed, namely the structural loss
function is used to constrain the algorithm to optimize the weights in the
network so that the features can interact better and improve the super-
resolution reconstruction performance of the algorithm. Finally, the
experiments show that the proposed algorithm achieves the lowest number
of parameters and computational complexity compared with the existing
advanced algorithms on multiple test datasets, and achieves the optimal
performance, and the super-resolution reconstruction of the image has

better visual effect.

KEY WORDS: image super-resolution reconstruction, deep learning,
feature interaction, convolution neural network, Transform network,

lightweight network, frequency domain learning
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Chen %5 A\ W21 g — b B SNBSS X 55 R AT 805 EoRAFIEDE 2%, B LIIF(local
implicit image function). 1% M 4% DA B 15 AL b A1 A b 8] B IREAE VR B N, Tiiil 2
TEALARAL ) RGB EAE NI . Yu % N1 SAFANet(scale aware frequency
attention network), %M %45 1 5 51 NI 5 70 % 2) SRARAG R B & BARFHAE, {3
LA OCTE S o), AT B2 v P 455 4 o g PR R . [ vt RUBE 51 S e
292 ¥ SRR FH I X o o I AT R 1 MR T I e S B PR
ERREE P s,

124 BSWBIHEER

IR A3 AT % R B I 2 IR P R, (HRTE SRR F 2 i e ) 2%
FEME A B AL G A FHL. RR &S, B TSN A e
flin: VR BREE. BEHFS. BT EEm0 RS BUR T RIS, K W 2 A5
T LA S o OB 78N DR e % 25 s DA I B0 S 2 1 v 2 4% B
AT B URAZ BR % 0L o

BT L8 BERI BT, Dong 55 NI S iz AT 45858 4k SRCNN 4 H
FSRCNN(fast super-resolution convolutional neural network), 1% M %% B 1% K 2>
PR BUG M NNGE, SJa F BB RV R e B, X1 I 45 1
TS I BE R R TR JAE T 2 1 5 FR R AL BRARRALE DASRE w0 445 1108 73 0 o 3
VERE. Shi & NRONEIE 43 A ERAEZ 5t — ol i LR T RN R B2
(sub-pixel convolution layer) , FF 1 1% LR E MW &E T — A B MW %
ESPCN(efficient sub-pixel convolutional neural network)SE & &4 iK1 SZIL 1 8 7 He
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EE . Hui 58 NP H R R RAE &0 10 07 A AN R 2 R B RRFAE, I DAL S
H k4% IDN((information distillation network). 4F{iF 2818 3E — 25 T bR W0 28 1) TU 4%
3 R R 4% F) R ER B DA K N AF R . 7E IDN B0 E, Hui 25 AHOHE—25 37
Hf IMDN(information multi-distillation network), %4 14 Seit— 2 sk 7 HRFIE %
W7, SEARSEEL T WA TS A B S N2 I e B (P47 o Lin 55 A7)
$2H RFDN(residual feature distillation network), %M %8 F & 8RR AT R AE 2240
BB A T % SEIL T AR R R B, HIAS T AR S R B
Ho Luo &5 NSUR] UG 25 44 B it X 4% SEIHL LatticeNet(lattice network), 1P 4% Sk
LT YRR BN SUE R, (S AFRRAE A B 0 40 Hh A8 HL, $RTH 4568 43 e EE )
PERE o TN SR o] [P0 24 ZEAE) () AN 50t , 5 o 0 e L S SRV B AN
R JE
HFREMRARRET, REILE, Kim S8 052 > 1907 R
% DRCN(deeply-recursive convolutional network), JEIIEF 2 IR EILE,
RIS S50, JF BSel TR RITERe . Tai 558 APt — 30 ek
DRCN [ 5% 22 45 79 31 LA 4% Y DRRN(deep recursive residual network), %M %%
2 R iR 2 e — D I R A MR R . P SE M R, Chu S5 S N A
X —HARTER A > HE R E g 52 H 4% FALSR(fast, accurate and lightweight
super-resolution) F— 5 S T B 73 M BE 5 TH L S 4 JE 2 IR P47 7EBEERAE I,
Zhan SOy SE R B ), D0 S AT B R AR R, % L AEHE R
BB N2 40ms SEBL T ERS S B SERTER 4. FIRZRAE, KON ZIEH AR
E AT I RLH , E R AR 1 A B N D . Lee 2505 ok
AR N B A o R B D, BRI SR SIS I A AR 4y B i #E S
R FH BOMRR AL I 2525 A AR o () A 38 LU AR 1y 23 6 R o FE ISR |, Wang
NP | A0 7 NG BN 5 2 W 4, HREE HE— D R A K, B
RAE A AT IR B, SR IR SRR B Mk e 5 T B R 2 IR (17 . S5 S E, 45
T E S ARG 2 A BRI BCELE W HEEL ) BB SO — NG, 115 M 45 11
BATHEE K KR T . Zhang %5 AP ECBSR (edge-oriented convolution block
for super resolution)® 4% 51 N\ T F3 v 11 5 -5 BIURFAE 1) 240 5 U8 AT $2 9 2%
HArERe, T HAEEE N 2B S EMESAA — AN ERUINR S HERE . 7RI
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Fnt b, Wang 25 AP H RepSR(re-parameterization and batch normalization for
super resolution) %%, %44 ¥ 5E 25k ECBSR A F f i 2 bor 7 55 14 e 0 2%
(I VNZREE o [ B Xof P 28 (R VA — A JZ JEAT 20 A, 7E I S8 HEPRIN VR 25 43— 4k
JZ, DAALZEAEIT — 4 25065 X 28 17 SR ¥ S THT S0 « RepSR 1 — 4 7 17 25 1) 4
VERE. BEESEIERI I, BEAES PR EZN LB L, HER
HHEZH B TERE L

BT VER N3, Hui 8 N7 52 ) IMDN, 1ZMZs i 1
X G BE I 7T, AT B oK B T SRR 1 77 R H 22 2 R LR B R ALE B¢
JE RN RFAE AT AR SE DR LG BE I TE T R I pL, ST 2% (i P RE . 2
ffr, Li &5 AB75 5 7860 be BE R vE = ) FAINRHE S EAS B — DB o LL R

TETER AU, R 51N 58 10 7 A1 2 AL B8 — D B i B 2 1 1
Park %5 APVl b 5 i & A HLHI & — FhgF X5k 2 R M 4, /D
DRSAN(dynamic residual self-attention network), # RIS 7 AR 2454, [FIN %
T T ASTRI R /NI I 25 LU AN [R] (350 2 P15 - Gao 55 NS 2 A2 AR T T
— P AR I, A SRR AR S B, B M 2, B
VLESR(lightweight and efficient super-resolution). Zhao %5 A S i 5 2= [A1VE =
Sl E R, SRR R N Ik A, R
PAN(Pixel attention network). I /Ji5 ZE TR FE R JIHLH] 0 ko2 0 G2 HAR ST
Liu % N5 B i ae B4l 15 32 - CTE-Net(Contextual Texture Enhancement
Network) 3 H B 13 & AL — B UG R A B WUk REE T = ], If
BT BRA GV R 718, 12 T S o s @ v R, R BRI UG S
I T

JT Transform W& 1E, B i E A0 1K Transform ZEA410 Sf i H b
NN ZEH R FFHIVERE, H AR Z RZ I FE 01 4% Transform 224451 A
JERJZ AL DO TVLE 4y 7% 2 R U AR T BRIk fE o {H /2 Transform ZEF44E AT £
BB S S R R N ARG, DN TR BB PR EE . i,
Zou “ENPHFIH CNN 5 Transform & T —/ MRS M4 R SCET(self-calibrated
efficient transformer), %M %5 & Joit— 0 ouit /AR ZIE R J1IF R 2% 1) B A
Transform HLRGIRZHRHE, HE— DRI PR E@EVERE. Gao & A
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FE W 2 i3t — P N Transform B, 43525 RO IE T & 07 5 2% [0V & 1 4504 783 )
Jl CNN 5 Transform #J%2 M4 LBNet(lightweight bimodal network). Lu %% A [*1F]
FIALE L CNN 4%, JE5T transform H R B ¥ 2 AT WLAIEE— 25 ot 2 1
ESRT (efficient super-resolution transformer) ¥ 4%, it — 20 & F+ I 4% 18 7 HF 28 S i 1)
PERE. IR ZGEITH A CNN 5 Transform HIZHGRIEEMZE, (HunffyE—4
564 5E T Transform ZEH4) (145 5 AL 73 7 238 g2 45 AR AR R — M BiR. Liu S A
701} 4% Swin-Transform 42 1! SwinIR(swin-transform image restoration) ¥ £% 14 VX
SEIL T —A 584 Transform 220 SEILI R R M R E M4 . BEJS, Choi
S5 NV Transformer RIS T-1E 2N B 11K B B IHUHIEE— 0 o, S —Fb
[ 38 N[ T SR 2 SRR AR (S B, SEBLM M BE AR T, (R EEMK R HE
AP FHBECA T . Wang 258 N U2@ 5 4047 W9 48 v () K s2 B, 42—k fig

YEEIHUHIED, 4R B ER I (omni self-attention, OSAWLH], I HiA4 2 Omni-
SR(omni super-resolution) 2%, H1T OSA B4 7 (I SSTERFE, IR0 #E R Bt
PEREEUIE T ERMI3E T, Zheng % A3IHE ) EMT(Efficient Mixed Transformer) ™
2%, LG T MBS, BT T RS DR R, S A
& VE 7 /i (striped window self-attention, SWSA)HLHI/CE Transform )8 5 &
A pL], DAIRAS SE R a2 B S I 246 1 o e s vk e, HLosi &
FURPEBI, ZEYR G R IRBENL AT Transform 2 Sk FVE R S,
M BEAR I 28 S B, H i SEILI 28 R 5 158 4 B 2 I F -

A PR AL, EeR TS Rk R R R O
AERIERE, H2 LR AR TR E B BRAE, WA I M 5
JEALFRRFE . R EALEOAR I M BESR U, AR AR 2 B AR B T2 Ak
PR E AT, X BEAR T EVE M T R (R A I I 28 P R TR,
WA S AR N %R AR AR A B . TR IR R, PR AR B
Bt TR AR = A HLR, (R I e 3 LA B2 A B s I e P 2% b 9
BE R WL IR — 805 o Wbk, en i N E 9 245 p o R R 0L, T3 9R 75 22
2. M Transform [ ff R UL, B B BARXT Transform B B, H
F& 2 Sk FVE 7R ) PP R B A R SR R TH SR B A AR e o Ok, AT i 1
— AN EAT AR5 E 24 FE 1) Transform FRZ8 AR 2 — ANk -

10
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L3 RXHWEERRRAR

FESE PR h ) H R AT R B 5 G Bl FAL. AL
TRIAR KA, BUR T 7 BN AN B VR R T xR AL 5
WA SR X R B AL ) H B A 55 T T i8I ik s R R PR
ARSI AT, AT E SRR ik R, WAFE MRS . LR,
N T P ST W 2 A ARk 73 7 R B T A PR RE AR SCRF AR B B AR
FH R, X g SR EEAT A ELN A BAEAL, B AERE ST e B AT R A
R Ham i o PR s g . i iX A 7 2, B8 S A A SRR H
PR AL, A TIE B SRTH 20 R B RE R H B . EZRAT AN ATR

(1) SEF w1 252 B 10 R G ) R i Bk

B 55X CNN 5 Transform ZEF3E4T 7047, $ HIFE Transform * (2 Sk HIEE
TIWUHIA 5 /& Transform ZEF FE L R4 BOR I L Z R, (HEZ L BIEE ML
il FH B R IZ ST R TR ERTH SRR A, P DAAT 6 LA H 53 A0 B = B 7 AR
72 Sk BEE B FAIK Transform B (1 i R 2% BEIFORFF — € (0 PR EL
VERE, SEOUERIPERE 5 R 2 B 1 P, BRI, ESER =B 1258
HARHRACE Transform ZE4) P 2 Sk EE R AL, BT E —MEA 2 LAE
/1M Transform 2844, Hik, WIS A LS —Rb B G RN UEBAs, 1-TH
PRARSAERFAE A AL, AT 35 B 190 2% 1 52 PR AR XD S B 4

(2) FeFIEA P25 E ) G ) H A B B

Xt TR ARG i, RIS T, BT TR SR
b 5 38 G AR SR S BFH 2 S R (I Tl B A » B 2 18 IR AR
i AL AT AC L, BT T PSR T T S B, HX,
I 3 A B R % S O 4 P R R R UL, SR AR RE R IR R
BB R E R T, R R U T R R E T ER R E 2R REG R
FAFIE . I3 SRR DA O s ) S R R 3R T R PR RE . 228
(K170 # Transform ZEHE, S B AP 0 22 2 BGRIAL S B4R I Dot T4 AR I8 18 F 1Y)
TRV EAR, TR — Mt o B S A R LR B L LA SE /N 328 S SEx
E VR Y S B, B DR 2% R e A 1 2l AR AR P RV RE o SRR Do)

11
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PRZEBEFEAE M 2% P (AT F TS mi i h AR 22 42 ) B0 e, S I mT 2 31 (7 SR B
RFEANIE SIS, TR PR 28 R RE -

(3) FEFHRFNEARTE 5 251 5% 10 A B (G0 ) R B B0k

FRAEZR RS e B A o R B A B R 4 0 D7 3, T8 0 BT RS AR 28 R
AR, SRl AR AR, BRI B 280 . AR RER S MES8ES
TERE R K, AR RERET SN KZER AEE S, 3 Km%
X TAFAE (R /RS2 B 0 — S5 TH I 8 M R o GBI X Transform 2244 (1) 7 B i 4% )2 15
AL EIFREAT SR . fJm, Wit T BT IR B BRI E A R Ok, AR
Hu AR BB Y S5 045 B A AR I 8 L, R4 0 2% 1 B2t SE A0 1 P AR s 4

e

o

1.4 R RYLHLR LR

WX HNEDNNE, HEBENEL TR

FoRONZER, HARERAEBENHRERZNNTATREE FHFNHTE
TR B AR SE PR AT PN o B VRARIEA 1 o L AR U BUIR, Hal
AN F RSS20 AT S R H R e I RE S S o B Jm A AR ST = D5 T AT 7
WA, LRI SCE 2k

o EONRIMGE o FR S AR RS, SR a 1 GG 70 o B A ] R
o BEJE, 5 H NEMG AR R AN R B A A, e PR R A
W25 1) S ERI) 7 PRS0 EAT A . FE T BRI 4% . Transform [ 73 745
EERE. &a, ARIGE D PRI R.

BRI T E N R E G R EE R, E R =
R EEEELR T Transform ZUH R IZ Sk BERIHUE], X 2% 5200
NV Z LRSI S AR EE R . B/, 3R g 2 0 T SRR T 1
PSR BRa, A EEIE R RS A a0 e As

S E R IRAUR B TR R B G AR S, iz E T =
THK, BP0 Transform 220y o % ASBEHME AT, 3t — b ik
Transform ZERGFEIA L% . [ )5 H A AR 46 s A 3T 1AL o RV E =
JINUHI AN ZZ P H T e/ SRR Rl Se I8 5 SR X ELas R, JRERE ot

12
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AP
BTN TRAIL 8 T 5 S5 A5 R I L (B0RE 7 R B B, i & i Y
UL, HYe e a BN ER AR, JFEREAE CNN 28 2l Bt — A
2Lt — 2D SEBU A PR RE S TH L B AR EEZ IR T4 BB S, AR 28 et
BRI . B, AN RS S e A5 R B
BN S RE, B GA I A TR, SR JEX RS AN U
SRR A

13



23 AW N 2T e DATAS'E

F2E BRBoHREZNEMIEL

2.1 315

AT SR 7 A B A S, e A R R B AT S PR
B, B e, e R T B R SR e bR . A, WA R T

22 EfRBOPREZEBAE X

P58 43 9% 2R (super-resolution, SR)E 2 f& — Fh Al F 15 Ab 3 F BL R T %
SHEAR, BTEMEE A RS B 1K #E% (low-resolution, LR) B 11k & H
AT FE R NS M) R 20 92 (high-resolution, HR) % . 40l 2-1 Fiw,
FMGIBR 4 e B A 2 T MG R AL I R 300 i e A, R — N R AR )3 i)
R, BAT BB G AR AT . BUGGE 43 e S @ AR Nk LA h & B I
JEAGE ), AMYAE 2R 7 BAT BB AME, ESLbrr AT & f 1 R

HAME
B
H #R B0
FRAL AR
NAEZE
4 B % Fe L fE
I ik
‘) %
HE ot
Kl Kl
% %
E{B PR ERLfE Y 4
=W, =5
R
FAE
F:0%

B 2-1 BRI S5k A

14
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2.2.1 E&GBERIER

BMG B J fE— A 2 B I R, T SR A v v [RGB i ] e e R A R
R AR R 4E T B JEPG R4 thse s, il B SRR B2 ) 4 -
M 25 RS, ANLA g s pln . s A S, AR Rl an. 18
W5, BT bR AT T R B O R TR A, AMETIET. Wtk BFAT AR
T 2P EB TR, E T MR BT AT . BB 0T B A PT LU
B2 RN BB R R L, HARH G, PR PR BGR AL RT 2 h: =K
T KA¥(bicubic-down, BD)F#)ii =S8 (blur-down, BD)FFJiT . A= 4R B K
TE AN 7 37 1 6 75 (bicubic-down and noise, BN)F# R « o ST ASOR] T SR AE A v 407 1 e
7 (blur-down and noise, BN)J& Fi 7 ,

B SEA A RT ERIR = SRAE Ra AR A, 3 B SR AN T 1 23 R R
BEAT AU =R AR AR BRAR 3 1% 256 B o 0 T o8 o e e AL SI o A= 97 6 o i
P2, AF 2 WER 23 9% 2 1 BE SR, 7 BRI 1) 3 o v 20 9 B I SO0 1 K
mRR, HAMELWKE, SORHS 53 G 73 9% 1 2 iM% 23 o BEG ) B o i
AR WE RN RFERE A ] L AR Q- DE AU

I n=lr Y. (2-1)

A, e REEDHREE, L KO PRER. LR s BRI =0F KA.
e ST ASORY) e P ABE TR 0T I T I S ARV RIS B AR . REALBERI S o XM s
AR T B R R 2%, BRI U2 = 2 MR IR S m o i it AT 5 A1
B S ER, AT DI v in A 50(2-2).
I g =(1g *k) L, (2-2)
A,k BRI — B AN [R) 7 [ AR RV 5T 00 i i A%, + R B .
XA T KA i i 9 e, BOAE R BI B o ok 2 J ) Bt e 75
mARQ-3)ER:
I r=lg ¥, +N (2-3)
Arb, 0 FoR A — ORI T E
e STRSORY] N SRAE AR ey 0 1 R P PR AR R, e b SRR AR A ) A R . XM

JRAE AR BT 52 B AR i T R B DAY, BRI R PR AT AT A LAVR R, i H. 24 B ot

15
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(77 AN UL B R HE 0 1 20 e MR ATAT A IR B B RCR o I B Jo A B A g
AR PR B FER T EED . AT U A X (2-4)%0R:
I =(lg *k) {4, +n (2-4)

B0, TN RN JEPG 467 R IINE, 47 BN B2 5
BT JEPG K46 . WA XQ-5)Fw.
e =((Tg *K) s +n) (2-5)

A, )eec 183K JIEPG [E 45 47 -
222 ElgERZERE

b AT T T R AR AL R K R A (R A A PR G 7 A A
MR IR0 IR HERT, A A — S AN TR B 22 2T B 7 00 4« 3l AT o770,
= UARETS B K G IR ZRIEL 30 IEAUR BEIE A5 . (H R B TR 2
IR JE, IR 52 S B JTE SE L ROR Bmm L T IR AL Gt ik« RSO3 T
RIS ST I BB 7 e S AR, 5 SO I A 3K(2-6):

lsx=f (1.5, 6) (2-6)
X, Isr B EEZ R, I NEANRIR S PR ER . f o —NRE

MAEMERIN hr 5 Isr ZIEBSS KR 0 4 PSS H.
PRI SRR 2 S R v i B S ) T 70 R 48 ARG R 510 n 25 5 it SR D

YIRS 42 D SIS Dre, SEFIPIAAR R RIRIZE I 25 52 SR f 2, Her
SRS T 2 (A R R R SOHAT U 2R, TR B 4 SR A
IAIARBET . ELOAHIU, BRI e MR M4 £ A0 £2 23 BITE IR B 45 Dre |
YT 4 5 MR S e R R R 2 . A RQ2-7) 5 ARQ-8)FTR.
loss, =By, (I - T, (12, 6)) (2-7)

loss, :Eprecp(lHR B f;n (ILR'QZ)) (2-8)

A, Tar ANABHR L R A . £ () NE i MEVIZREUR L2k
WAL O NXNHEMK TS B, ) RERENREIE LD (.
WG BAT B IRFH — NS5 lossi<<losszo XA /! EHHRINRE J)iT

16
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BT 20 W BT R T U B /ML RO A SR R 2
B R R A SO R E P 2 =1 b f 3 P T P46 . 5B Mh 22 2501 Transform
%

2.2.2.1 BRIHE 45

CNN 5 2 W B8 T 026 -2 5 A B R 5 0 B
B8 FIIX R, Bk BB (M) MR, § H A
HeB A, BRI BT R, MG i N B A X ok A1 2
R B TR R R AT R . — B R A R 2
NN
y=§;;0g04)xhw—mk—¢) (2.9)
Ao,y RBELL B, kB, g ARG,

S A T — BRI, S (R T LR B AT TR,
P 3 % 3 b BB B AR G TSR, R 22, B
B RS TR R A DS B LR A, B BT
Xt EUG B BB 18 25 3047 3 7 45 31 e e B o B

// Fiz
1| P
A T
// LA IECRA T
A1 - d
p »nzmyﬁwumum vd
L 1
| e
v -

Kl 22 “4EERURER
£ CNN HAMUAEG SR, WA i SRl REE ] 7 B0,
WD, R HESAGRBY, ARG, g g RIS . 5 RA ST
W E BN AR SRS ERER PR E ST WEERE B

17
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RUONASCAE R E S GIR WG MG, Bre A 25048 .
TR P26 AR L SR 44 S B HE 4R PE AT 70 AL 70 G AR, D9 T RUR A S i
N5 RRHELEEE Yy 3, His R an T K 2-3 Bios.

Xof 7 3 18 A AR
FIA i
HRE—>

—>

—

Kl 2-3 IREERUREI
N 2-3 g NYERE N 3 BEANRFAEAUN N — NS 7 A R AE BEAT B RS £
. BT RNAEEGI, METH AN e E N 3. HEH ST
GHME, (HRHEERZRNN 1, HisEdRmE 2-4 frox. XhBikas N
T =8, BHEAEPRNER=AMANRE, 5205 H

POPTA R E Ein

Kl 2-4 SEFUREE
G M2, BUE R ER 2 CHEE, T W E— EREATTE
FELMER, AU SN S R IIBCR AN, 25 Jolos s N, BB I 245 =
B, B EIOVM AR LT — RPVLPER B SR IR, BLSEH v
% [0 R R AR e 7 EEA P R A AR N SC R, TN AR A B TR SRR — s o [
B, SN BR A RE B P4 5] NFRZRVERRIZR, 5 W 2% 427 ST MR IR SR B8
B HIRE 7T, WA R A A2 2% AR R AT 5% o Fr AFE TR JBE 27 2]

18
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BRI, O R AR e B TR I M R A O EE . AN [F IS B B R A AN RN
ek, EHTARRAES . BUR 2 LR IR0 ek 2L
ReLU % %018 (Rectified Linear Unit): ReLU pR 2 H B i A B0E BB
, H AWM AKQ2-10) 7R .
f (X) =max(0, X) (2-10)

ReLU BREUIIAE s R TSR0 BE B, 17 LT DAAG Rkt i G o6 PV 2% il R SR T
MEIN/NT 0 B, ReLU BREIBAIE N 0, IX B ST R I J0k A 20 f5 4k
(2 2] I R AR s, S EUBE R TYE A 5] BIX L 22 0 T AR R I RFAE

PReLU(Parametric ReLU) & #%8). PReLU PR32 ReLU eRE IR, A
RE-1D)FT7R,

f(0 = {ax- xXxZ<00 @-11)

PReLU BRI A2 T LAZEAR ReLU BRALH) 44N /NT 0 B, ReLU ML
BRFE N O 1), R H3 m] DL A 2 o (48 K7 ) R B0 AR 2R R P o
Sigmoid PEE®: Sigmoid &£ HIFRIE XA K (2-12).

f(x)=

2-12
1+e ( )

Sigmoid B&E AT DI AT 230 B ) e A\ B LS 2100, 1) 2 18], FH TR A& o
o E AR 3 A . SR, Sigmoid BRETE R NG BB /N, FLBh B
T 0, WRES T EURR R K% )
Tanh R0 Tanh BREHIRIEANA K (2-13).
f (x) = tanh(x) (2-13)

Tanh BRACA] DR =90 FE A A (B B 2 (-1, 12 18], 5 Sigmoid BR#EALL,
H TR 2 o e A A 0T . 55 Sigmoid B EE, Tanh B 307E s
MEBR BN B EETE R, AT DAGZ b B 31 2K 7] 7L o

B T R WOE s, A R H A RO SR T Softmax BI%L. Leaky ReLU
RS, TEHAEA——F1%5.

19
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o
-100 -75 50 -2 00 25 5.0 75 10.0

10.0 7.5 5.0 2.5 0.0 25 5.0 15 10.0

(a) ReLU HFURE K (b) PRelu B HUREH

Al

il

10 10

0.8
0.5

0.6

-10 -5 5 10

-0

10.0 7.5 5.0 2.5 0.0 25 5.0 75 10.0 Lo

(c) Sigmoid HHUR E K (d) Tanh PR ER K
Kl 2-5 BoE R HUR 2K
RN RWE T ARBEGE RSN E TEREZ G, S Ma M el &
SORHIARSE . W, FERE > HRERR B AT CNN 4t B A A .

2.2.2.2 Transformer %%

Vision Transformer (ViT)%3)& —AN3EF Transformer ) B ¥ & JI LI TR
SOUEAL, LITAEGIRBES . BMNELE 2020 F4EHRHDOK, VIT &
ZAETH AL S AU A T T2 R, A v LR A5tk i) — A EE R R
B. VAT (2 ZLEHZ2 2 A Transformer 4ifdas 2, FAMwLMSEHOET 12
SEEBRNTEM—NRIBHIEME 2. 2k ER AT BTSN B G5
TRV ERIRH DR, 17 A 228 0 2 J U 67 B Pl R o RS 38 B v ) 4 4 )
IR TR, VIT BEWSHH 3R B 1) 4 RAROC R A Rt & MR I RFAE

Transform ZEF A LLHSE AT R 2-6 Fion, HEEH—, ZLEERD
B DA S — AR A RS — N, 35 N 2 I — LT e 8 R 2% DL J —
ANk 22 e R 2 R o

20
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i1 it i
e

Px 2

K 2-6 Transform = 24544
£ Transform 58 H 2k HiEE SN, AERESCI 2R ERR B. HiE
BEAWLES 2k BiERE LN E 2-7 Bk

Y Rz H
A
| FEFFEAR R |
K vV
: %1 o (&t | [ &tz |
BRI K o 4
(a) (b)

K 2-7 BiEE S 2 kBER 4 A

Wk 2-7() s BIER L], BBt R, A=A E K. O,
Ve K Q HOMFEREFASR, b5 SoftMax WUH K%L, HIVEREIE. &5
5 VHGERERTE. K 2-7(b)or T 2k BERINU], H S BEE AL B X
RAZHFRE K. O VRSB ZIF B vZ A, e HEitiT S EE
AR FEAR 2 Ak, &5 X 2 Hiad MR R
(IRGEILiTH

LK, 4 Transform 55 “HA BTGP 28 454, Tl 2-8. sk, iy
B M 2% Bt 2 RN, EAREE LA R AR A JE B 2 AT TRV

21
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Bl 2-8 s 2 0 2 45 A4 ]
N 2-8 Fy NFFIEA R 2 2 . BOm R BORI 2t 2 2 S5 193 B

23 BB REZNERBIES

N TF AT FH BB SRR TIPS A R BE MR R B O AE L, RO R TR
JE 2 SRR AL T AR AEAC VI SR bA kL . FER I ZRER IS, R 5 1 R
FEAREE, JFMR eI REZ RN, LG E g 13z 1k g
77 T AR ) 55 R Co Bk, DAASE 4 TG 40 B0 V2 7 &% P BB 4036 7 1 A
HERE, BB SR) ZNRA . S EGES R ERX R ETS,
HARETWEB N Y AR &SN EGRE, JFHABFEENHANEE, XX
THFE G AR BN R BEE S PR SR AR R R, A
N SSER T BRBR 22 1 MR B 48 F T UGB 70 W R (AT 9, I e it SR 0%
AFECE . AFESHRAER, WA R,

BB P E AR AR Set5P, Set141, B100PH
Urban100P°), Mangal09P¢. Il x4k F Z 445 DIV2KP'), Flickr2KP®, DIVSK®?1,
LSDIRMIPL % TmageNet! V& E0 45 145 s ik 2-1 B
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® 2-1 Bl Rk

HiE S Eve FRIEG R 7B LIES
Set5 5 313%336 NN
Set14 14 492 %446 N~ ¥y, RS
B100 100 320 %480 N~ B BRS 5%
Urban100 100 984 %797 W, A JEERE
Mangal109 109 435 %381 1% 1H)
DIV2K 1000 1972 <1437 NNIL /N ST
Flickr2K 2650 1782 %1698 YNNI /N e 571
DIVSK 1500 7680 %4320 N~ ¥y, @IEE
LSDIR 84991 1782 <1698 NN /= 55 e
ImageNet 1281167 256 %256 N~ B A

G AL B LI P BE 4 Set5 AT Setld (-T2 HER 35108 313 x
336 1 492 x 446, BFFE N RHFEF] Sets Al Setl4 FynER G ER /N, HEE
WA, ARG HOFI SRR E A P IO BE . TR0 N SRR T Hdie
RN B100 #dEgE, HTEUGE S P sm @ i, Hr B100 #7571 6
100 SKEME, R REEINFE . BR B100 HUE AR T 2 i iiE
¥, AR XA B G 1 B S ), MBI I RE DL K R R SO 4 o AT
BAK. AT EUFH PG BG4 e S FIA PR RE, B AN B IR TR
100 3K 37 5t 0 HER BRI Urban100 $i4m 45 . %5508 4 UG R ~F ek L4
T FE, RGP E AU R — 5. BT Urbanl100
B RSN E, N T IRNSEIEEAR R R FRYEGE, TFRN SRR T
18 1 XS ¥ Mangal09 $HE 55 . B35 R B 2% 2) 78 MG RR 3 7% 25 g SR L
B T PR EAR S, IE TR E L W 5 SR AR 2588 . BIEH  ER
B A I8 5% 8 DIV2K., Flickr2K. DIVSK PLK LSDIR. DIV2K %%
YRS N NG oy R R B B, 3k 1000 RS, K
11 800 TKAENVIZREE, 100 5KAENIRIEL, 100 5KRAENINREE . At — B4R T4
Z ML IR, BTN GIHIE T — AN R EE 4, B Flickr2K #4615 2650
KPR KR, W2 M E RS . 1E DIV2K 5 Flickr2K HJ5: Al L HilfFE 1

23
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PR R BUREE T 2 5dE4E 73728 DIVSK A1 LSDIR. ImageNet /& —4>
— AN BB EEEE, HEGEESZ, (LRI, o Fk iz 8dEE
VERTRIN B R .

2.4 BB RERITFNIERR

N7 VHEEEEG R, [ERHE RIS . 0 0FO i
FLR B RN 2 00 2 UG I B LR PR AT AL VT A . R R R &
FRATI T, g 1 B PR i b A2 I 5 12 LE (peak signal-to-noise ratio, PSNR)
MEERIAIYE Cstructure similarity index measure, SSIM).

e {2 135 162 U 3R TR A5 5 B3 K AT RS Th 2 RIS T 2 RS JBE (0l U 11 e 7 T 2% £
PUARL, 5 PR H053 DU(AB) BRI R R o 8 UG 43 7% 5 E gl ek, 3 i LA ]
BRIERKBEENE NG SRR BT R, Bl RS SH KGR 12 RAE S,
THE B LA R . WEEME L, MR B R 5 SHEIGEL. —
Bk, XFKEEE, WG ZEENITHE; T RGB BAE(E, @
HAEGIE R YCbCr 2 IE RAE Y BB T RS b T et B,
AR T IS A B (S R E . PSNR IR R G T S5m0 iR
EI% | 22 7] (350 7 % 2% (mean-square error, MSE) K AL BG T & . A (2-14) A1

ANQ2-15)FT7R .

MSE :%Z[' (i) —T()]? (2-14)
_10.10q. (MAX] i
PSNR =10-log,,( MSE ) (2-15)

K, BEHE i MEEB IG)kRER, NANEE TSGR MAX EEIEH
RRKEAE, T 8 LRrEAL Y RGB B KU, MAX =255.
SR AL I I Ll 5 P M AR ) 5 R AR AL R Py R S8R - A St A 5
(2-16)F7 o
SS|M(|,f)=[c,(|,f)]“[cc(l,f)f[cs(l,f)]’ (2-16)
K, C (L) C(, 1) C(1, N RIFIRZE . WA DL 50 b AR
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a - B yARESH. CU,D. (). CUNHARIMARQ17)~AREQ-
197

A 2uu+C
C(1,N=—P T 2-17)

My + p; +C,

~ 20,0.+C
C.(1,1 —_— i 2 2-18

< -+C

CS(|,|):M (2-19)

o,0; +C,

i A g 53 RS FAE B A 0 HRE RN EE, o Mo, 70 Fon AR K
BRI R HEE, o R BAERBN@E SR TTE, G G
CGN=ABFERSHUB RN 1, o, o, 2 HAN(2-200~2 5

(2-22)FK IR,

“ =%Z 10 (2-:20)
0=\/%Z(l(i)—ﬂ. ) (2-21)
o=y (1 0-4)(T0-4) (2-22)

BHEBILT, BSEEENa=L=y=1, C3=C/2, i BT IHE—D
fai o 2 7(2-23)
24, M +C, 26” +C,

2 2 T2 2
W +u:+C ooy +o; +C,

SSIM(I, 1) = (2-23)

BT PSNR Al SSIM, i&H —SeHAMMZMIFNfabs, s (E BAREE
(edge information fidelity, EIF). £ E{R 5] (gradient similarity measure, GSM)
S5 o IXLEFR bR AN 5] (1) 1 B 0) o BB ) BT AT VPA AR ST Al o A
X FR R BLE AN 22 AU
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2.5 KEND

ABEEANE PR EE S E S 7RG, 5EGE
AR, 7 PR A o ) A W 48 T SRR I RE I, p IR ) R 4 i Y B R
Yo FFRARKI T T EGE @R R PR R4S CNN 5 Transform 244
BE )5, e pE B S P AT B AR IR SR . fa, Bk
IR B BB 73 H R B P B TIPS VR R AR PSNR 5 SSIML.
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ETeEMMERENREGEBTHRERTE

Ll

3

3.1 5|18

AR FEHE H—FHT 195 T Transform S (1142 544 FEIGER 73 9% e 5 2 (1 1) 2 458
A, EFXF Transform 1) 2 3k H 13 & I L (multi-head slef-attention, MSA) Bl & T
B D2 Sk B3 & SL#] (window-based multi-head slef-attention, W-MSA)iz
B IR, ARSI aC, AT FE R S I R k. B 5 MSA iR
P EERFN MSA B RHHEREIE . AT AN MSA #EAT Sul R &R
fi& Transform ZLM b S8R 5IHEERE, SKBURENE D PR EETNE,

3.2 EMTIEML
3.2.1 MELEH

T 145 B A M 2% (high-order gated convolutional networks, HGCN) 1 & 245

E 4 B 2 7T (shallow feature extraction modules, SEM). V4 4% 1iF $2 HX 847 (deep

feature extraction modules, DFM) . 7 4 ¥¥ % &% 5 2 . o0 4 il (HR image

reconstruction module, IRM), HZEME UK 3-1 fin. REFHERRIURICHILE )

BB 3-1(a)FT7R o 2R AEH2 HA 038 Jo 5 A0 Aot i N Pl S 380 v o B 2 1) A iR
FEHFAE, H R DL ARG-DER.

=Hge (%) (3-1)

A, A xeR™S, Jod He W R RN SR, R IEEEC 3.
RS Ry e R HoR, H C O Fs WEIES. Hsr /&1 3x3 BARHE
W NHESE DY 3 B 4EE N Co

27
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PRFERFOEEE L0

m ek i

i 7 Lo

IR IE
R

/

(a)SFM 45 1 (b)RARB £ (c)IRM &5 14 &
3-1 (BT I AR R 2 5 44 ]
I J IR R R AIE 4 2 A VR B AR IR S BB e vl o AR 2 A R B I Y B
(residual global adaptive filtering block, RGFB). #7145 4 1 it (recursive gated

ardmreg dn

ROTE X £
TR
004
OUDE X €

convolution block, RGCB)F1F 75 #1248 X 2% (feedforward neural network, FNN)FT4H
B 4 TRy B IS N JE I RN e B 1] 48 45 B B (residual global adaptive filtering and
recursive gated convolution block, RARB), #f4T— RFI|FJ4FIEZE H, RARB HI45 14
BN 3-1(b). PREERFAESS BRI A2 0] DL A an A (3-2) A K 3B-3) s

l:D =H DF () (3-2)

Hpr = Heey (Hroos (Hrere (+)) (3-3)
1, Hpr {3 DFM. Fp & DFM K%t o Hroes Hroes Heen 7 1AX3 RGFB.
RGCB. FFN.
R E — A W R A R B IE S IR Z R R 2R AR IE, For I
IRM 153155 )5 (1 i 70 3 MR R o 3 g i PR e e FiR At A 2 (3-4)~2 :(3-6)
Jr7s. IRM HIS5 R B 3-1(c) B

For =Fs+Fp (3'4)
Isr = HIR(FUP) (3'5)

X, FooREREIHE. B 1, eRSPWRE, Hi s 2 RS
Hir A8 IRM H— 3x3 K3 (convolution) 514 F IR ¥k _F K Af (pixel-shuffle up-
sampling)ZH e, F AT HI AR (B-6)FT7R.

Hig =Hue (Hoon (4)) (3-6)
A, 333 MBS B R LRFEDHI A Heon F1 Hup R

28
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3.2.2 B)A T EFRIRR

FEFAT 2.2.3 ARSI T Transform W25 1) 2 3k H {3 = S ML (muti-head
self-attention, MSA). MSA HJTH5H & A% B2 B R Oy Hodh 2 R A6 P afeidia 5
T IEAN IR AR S ) S Ik B A S B v A oL, ISR B AR v B A
FEROM), T MSA HAEREE FMTHEE RN OMm?) . i AR Gk AR A
MSA HHE R SR R IR TH S AR . R A T4 B AR
BTSRRI IR R, R3S, ®A. EARAR SR E
Transform H1 /] MSA, %5t MSA 5@ 16T i an i 3-6.

4
T
FEFE AR
4 T 4
T Softmax
AT AR
LR T T
T |
S 2
T
(a) B REH (b) MSA /R &K

3-2 BIE MSA XfHEE
Kl 3-6 HHRIAFAE CGEEG) it (206, RIRGREA T4 A
FFIE. MSA KA W OCGE AR et 47 2 3 B 4 i AR 27 (A 52 B, #E— DI,
MSA HATNRHER 4 R @R /), X330 Transform ZEH SEIL A RCR AL T
CNN, 1H/Z MSA i) 52 2% JEAE 13 I 28 A DL A 1L S e e b, 1 B DAK 4%
B BT AR A B R e 3 7 NS IR 2 B A TR IE 2 (A 52 B, #
S I AT B . BRI TSR R E BT A 3-7,
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4

.

IS IAFIAR

T A

IS AT AR

i

IS IAFIAR

L

EHR
T
B 3-3 s TR R A

FEIE] 3-7 v SR AR AR AN IR 2 T RARFAE B8 S 1 e ARpAE 1 i ik
FUATZERIZZ H e BT MSA, AT T34 RS 58 b (1) SR 7R A TR RFE RS
H, 10 HAEAZ BRI BOE rT PR R BUE R . 8 Rk, AR TRAIRUR S A ]
BEER. 0%, SPEARHERSEH, HaaEH AX1ERD SRES 84S
#(depth-wise convolution, DWConv)4L %, FH:45# Kk 3-8 fiar.

e &'
—+§—+E—»
n B
#H o

#H

K 3-4 EEREREE K
FEFT 222 PEANHRE 2 EEH, MR T EEHASHETKT
HlER, Pro ae i H 1 R SRR R E . R SR — &R T
PERIE 5 BAFEREAT 2 B, R IX AL 7 SR 2 R, filtn: /£ MSA
HEB NG ORI AEK Ky O V SEBLEM R IERR . 7R3 IH 1455
R SR 38 U3 877 SR 73 TR 5 A BAFAE . ST 1 GRS/ B an &l 3-9 fir

7N o
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HIA: x

B auss Owmismg
—> 5EM [ AR
Kl 3-5 3R TG R A ]
NEFROER, BRABANXxeRPYVC ., MANE LSBT LB, M5
T TE 7 B R A AR B AR IE A ELARE, A E(3-7).
F,,G, = Hs(Conv, (X)) (3-7)

Xrh, B eR™E 15 Gy e RS 43 52 TR 5 1 THEE, i e = /2",
C2 =C[(2"* -1 /2" . Hs NilIE 7 B#RAE, Convi REREIR, MHANWYERE C
EJtE2C,

ROk, TERHERMHRESERZIREPELR, BREE —MESH o
AF TRURFIE 8 T S T A% 3R 00 AR R AR, A 3-8) T

G, ={G., G, G, 1, G r=Hs(@oH(G))) (3-8)

Kot How (RETRREAT A BER, G AIE{G, G, -G, ,, G, } BBt 4
BERIRARG KPS ¢ ARIEG, eR™%, ci=c/2™9, 1<q<n-1.
XTI E 538 HAFEWSn S, W Fo = Fio |84 5238 BHAFIEIE IS
IR IR B R R WA X (3-9) s .
Fk = Conv2 (Fk—l O) Gk—l) (3-9)

KA, Gri & Ge k-1 HFFIE. Fro /250 k— 1 WEHIERZ B R%H o Gra A1 F.
| BT IR B I — A 2 Convy IRVEHFIEIS 215 Fio BDSE & K25 1]
ZH R, R Fa=y, y NIEAT TSR H .

B, REBTIGRUZ /MR T EHE B8, 72 K#5 CNN 4%
PR K/NA 3 % 3. £E Transform T4 R @ BRI BT K. O V ZIRIA )R
AZH., WTLARRAE Y AN R ET o BTl XFT CNNAZSE 3 x 3 fIEH, K
ZWENMRE, FRAZEEWH T2 S BT %5 +, JEIE T4 NETRIE
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ZIMIVERE , (EARE R BR, X T2 8 Z 5L ConvNext! 1A Swin Transformer!'*!
B, BRI T I EA R RN 7 < 7, FEJRZMSE, 4140 ShuffleMixert! 155 k4
AR LTS RCR . BRI, DRISEASCHE B B IR SRR B B R/ LA A K
R, FFREBENT T,

323 BREERBENIERIR

5 UG B o R rh R B R R 2 R R s s B, P AR B 4 B g A o
W s B RN EE . WEEekEL, B EIE B2 08, M, R
R AC T . LI F BE SR, X T CNN I TS IAg R E (Rt
FFREAANE) 1m0 S S, Bl BIGA%ER, EURGEY 5w LA
FIFEZE, KT Transform BEIRIHE MSA 75 DAALHE UG H) 4 SRR, {H2 EEH
S SR MG R A B« MR A LA B AR o 2% ERTh— X
S B A B 77 SR e s I S BB, R CNN PG i &, ok
Transform [ i ATV HE ANIE 5 i) REUJC A 22 o Ty LAk A 0025 3 Al 38 17 o LA
TR BAE M 2%
R 53 1) I £ 3 T AR BRI A BRVR FEARRALE , 170 7E A5 3 SR ME SR BURFALE ) v A3
B8 OWBUER, 12 FAT ISR ERAER, mifE B2 m b 5 A0S e

i

3-6 il n e K
=

H A AT i S ARSI 1) v A S R AR L 5 1Y) 5 A 11 B B3 el v ) X3 s
By, 1R R Z AN DR e WY, AR AU P SR R A e A Y B H
R AR ey, I I AR A O SR, i B A A
57, BUELAARAN, AR B W e BRSO DXy B 1 i 2 2k

NI A R Ik 22 4 JR) B N R R, BRATT S 4 R I L A
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(discrete Fourier transform, DFT){E —4E15 5 N H A R A 2 (3-10) T w .
X[K] = :g_:x[n]e-l'(”’mk” - rg_:x[n]ka" (3-10)

A, jRBRAL, Wy =e @V, AKX (B-10)F 1) DFT 2 2 A LL3E L i s A 4
R FENGE S S I B A S H . T XEKE N N XE FEE,
UAE N MEB R k=0,1, ..., N - 1 AbH XTA) B 2% T o BRSkUl, X[AIR
NAEE o = 2mk/N AL F 51 x[n] IR .

100 9 5 B M- AR 4 (inverse discrete Fourier transform, IDFT)f)5E SCHI A 3 (3-
145

1N i@zINYkn
X[n] =N k%X[k]e (3-11)

X RHEAE S x[n], €K DFT PP, B XIN- k] =XTk]. RZIR
IR, AR AT LB BRI X[AJ3AT IDFT, AT DAV B ESAE 5 x[n]. HREE
IR DFT m3LHExt #rvt, AR LIS BITEAT DFT Z )5 B ELEME 5 x[n] i
SR XAV 75 B — 2 B AR5 S B AT SE B ORAT x[n] T & A 15 R, BIXTK] : 0
<k< [N/2]}, Ha[ ] RECE.

DFT fEARE S AL B EETAS R T Z MR FEE A &% DFT 1
B NN HH R B EL , PRI AT DR ZS Gy b BT AR B, FORAFAETHE DFT (1)
RS, B (B M-S ¥ (fast Fourier transform, FET)R N [ 7776 300 pR ik
VERRYE, JRHTSE DFT (R 22 MOW?) KB O(N log N), B KM T DFT
IEH IR TSR

ORI DFT 4 e 3 4k, HARInARGE-12)f7.

X[u,v]= hr:%l:;jx[m, n]ejZ”(WN) (3-12)

KX, WAESHNxmn],0 < m <M-1,0 < n < N-1. @ANE5LE—
4t DFT Ja 15 2IHI80E )9 Xu, v]e M, N AEUGHI ML . /£ 4 DFT [FAFEAH
H 4 IDFT, ANt BAT EIRFEREXI AR IE, S =4k FFT M 4% IFFT {EiL
AEFER .

NG S IEIE FFT Wbt 20500845 2 — 080RHE,  7EAUg s — A fr 4b
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H AN B 1 3 8 BT v A R A RO X R A, B S @ IFFT 1521
BRI . RATBEH AL ZEE 5 A xeR™™WC, RGFB AT LS N
A (3-13)a0 T s

y=7"(%(F(x)))+x (3-13)

X, FHA 00K FFT 5 IFFT. A7 ARSR—A B AN N [ & AT g
BT y NERREHAE T

fERSE RGFB IR, HE N T 272 B BN, B FOREUE B iGN A
TR B SRR BRI AR RIS (0 b, b BACR A
S B AT CALE I 8 B AT A0 A R i R e rp Lo B AL By s A L X3
IR BZ AR HR AT IR/ IMB R B e, RIS LA PRk, K 5
FHRNEENHX[W /2] H WRNGRETRMANIFIERS . Z&iE, A
Xt H &N T AEBCE IR 2 Ja AT TR AN B 3-3 .

Ha
|
> -0

0~[ W /2] W

0

3-7 HIEN AR A E AT ALAL ]

FEAU A ANk 275 R AE B BEAT 22 B, IR DB R U, & B A
AT RPNER IR, 45 M2 1) AL FRE s AR R o R BOVE R L
HR AR, BRI TC SR AR, B aVE . AR R IR T f
Y LA —5RVE R B S REHEAT A H o X T im0 0 R, AR SCA/INBE AR e 1
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FRESIHT, /N AR A UK R AT A3 4 N =l K BEL AL R A
St LG S /N AR ok F e oy B R A BB RS BRIA RIS, 47
W ARGy B O RN AR K AR B, R E RO B, A BB R R A R
ALY AN BIAL TR IR e oy B, JRDUAH RS R DY sk ) B SR
MEBEATACH., 7043 PSR BURFE 0 1) s A0 43 o AR SOREIX R 5 IFR 943 20 (1 Ak
S (A1 R I o ST v R WL, 2 T3 2 TR R O L] e B A 1 SE I
SER B SRHEZ R AE H., BT BRER IV SEE D, (HRERAE N
VU 2H 75 5y 7ty SR8 58 B A 9 B X PP A 40 i B 5 CNN SR 1P R AR 2548,
ARICHG AR IER AN . BRI YL, T AU R uE B A b, 42 USRI iR
] 5 Ry iy &, AR RARHIE X Pl i s B2 S 5 @ R R N, AR
BAELERATFIN o T AR EEN RS — 2D (AR 2R, 19 A RHIE T 3 A X 2 iy
Sy T S R RO R AR . W AR SO 3 — 4K (layer norm,
LN)TESE I 2 B X RFAE R T A2

X TN ZRoR U AT LK I AR OR /NGB B — B R/, B R o) - o 2%
Ryt N K /INKE 2 AT R, BT CAART L B8 A T RN /I & P S 2
TOREZ R, Jy T PRI Y SN BRI RS AT X5, ARSCRANE
PCRFER 7 20, 0 G A AR ] B3R R = CRFERAT — & RS R
HE BRI AT & AR S R K1 H A5

224 R S MRS E B LN 542 &) B & B JE S 2% (global adaptive filter, GF)
DA — Ao 2 . I LN 22N TR B IE 2 M2 5, Sk
JE 243 g WU LR R 308 38 e SR B LR T L R T AR e M IR 2% o 5k 4 SR
H I& R ] 3-4 R .

Bl 3-8 FRZEAR) G g R A 7R B
V724 JR) H I NIRRT GE 45 Bl T B 3-5 s
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HiEMNME: K

g
s B

mm EiESE O @EES Q RiEEH
EE FFT B [FFT =R

HIN: x

Kl 3-9 GF 45t E
e, BATEERA X eR™C L M HEAT FFT JG3 8] X e CHM2C ) x iyt
A RG-14)FiR .
X =7 (x) (3-14)
Bt 5 51 NA N EE RSB AR A E K e C W2 Hdine7, 1<n<C
FLEEHERR Co (6 LU RI M n = 40 ACEAESLIO TN n FHAT I A58 IF

S HABEAT 00T K B e AT = VCRFE S HRE R ST T 055, B i 85 4y
BB E TR, A RG-15)ATR
X =H;(Hg (K)) © Hg(X) (3-15)

R, X NEIENER 2 E SRS B2 G H% i . He RN =UCEFRE . Hs
AR IE 5 B R @ﬁ%%ﬂ’—\iﬁ% Ho
I 5 28 H. )G W IE BRAS IFFT 53HE vy, WARG-16)T7.

y=7"(Hc(X)) (3-16)

A, He AAFEE B A HIE.
33 LWHERS DR

33.1 SLHRE

(1) BHREMFEIR
Z: BB SCHRIO), Y25 E% iR H Flickr2K [ 2650 7% B4 15K |1 DIV2K [#) 800
sk MG A . N T PRASASIE SR 2% 1 HERE , A SCAd FH Set5.Set14.B100. Urban100
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FT Mangal09 iX 5 AMprifE LR PE 4L . ~FIIE(E (S B LL(PSNR)FN Y 3l T8 (HP 521
S AL (SSIM)# FPE VR Fiaba o 16 THE 24 5 N AFTHAE Ik L, B30
5 FLOPs 5 H At S E 45 34T 06T E
(2) PEpifsA
AR =00 A 10 77 2O BB EAT T RFEAREECH 24 34 4 IR &y
22.1, EERERERER BB A R G-17)FR.

ILRZIHR J’s (3-17)
X, e REFDFREUE, L KA PREGE . L AL s BIERTRFE

(3) A FHE 1 S
A E R H 8 AR I RN RS AR AL R, IR E RO B 64
AR IE GBI RN E N 7. KHBEYLIER: 90° | 180° | 270° FI/K-F-#%:
EE G s . HE RN E Y 32, B4 LR FAM patch KN E N 48X
48, B AdamU"URAL 3R AT ISR . WG SI 2B E A 1X107, £ 2.5X10°
Je A A3 5238 K 2 ST R EEWOT R IR A 1 X107, L1 #25 F Tk 1X 10038548
FUREAY . L1 45255 B B i A 3 (B-18) s

L= Mg ()= e () (3-18)

1
N i
X, e A PR ERENENR, Iir Mo ER . LOFRRER LR i
% &, He*+E HR 5 SR. N NEUZHIME RN
(4) SKEIET

GPU 72 GeForce RTX 3060 GPU |, ffi[] Pytorch SEHLAZ H %, CPU =25
12 A TR RS A 15-12490F o AR A1 KR 48 O/ A7 7E [B 5 Wi A DS42HKVS-
78BFKYO . #1E %%y Windows10.

332 KIWHER

EARTHARZTE RS A MR S0 5 P 5 8 5 7% (DRCNM, DRRNPY,
IDNM*1 CARN!' IMDNM6, RFDNM7, DRSANP?! LBNet!®®l, ShuffleMixer!! %))t
APREEE o oH RFDN 2 {8 RFAE 75 18 SE AR AE (K R 2528 B, 2 B ARER
CNN 5%, DRSAN R £k BiER i mik 258, JHEH CNN #g & 3-4k
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i3

=

74 W NS 2 e

2%. LBNet FJH] CNN &5 Transform AHZ5&M @M%, 2 HAREMER CNN-
Transform 5i% . ShuffleMixer {5 ] 5 K G RUZ LI 45, 2 BA RN K
GBI, BT LBNet (SR BELE T RIEH T4 3 A1 4 AL R, WAL BXR
FEREEON 2 R BT IR BT AR 5 54 ERFEAE BN 3 A4 IRUE B
LBNet BEA75F LG BRI LS R ngk 3-1 fion. Hoh FLOPs 78 & 70 MR IR
9 1280 x 720 M43, BT RFERSHCH 2. 3+ 4 BT R HE R BB KN A
640 x 360, 430 %240, 320 x 180. K HAML R OARTE IRPLEIR A B hs
H e
* 3-1 ARBELG et RREs R ek

. At e set5 Setl4 B100 Urban100 Mangal09
T &8 S FLOPs PSNR/SSIMM ~ PSNR/SSIM ~ PSNR/SSIM ~ PSNR/SSIM  PSNR/SSIM
Bicubic - 33.66/0.9299 30.24/0.8688  29.56/0.8431  26.88/0.8403  30.80/0.9339
DRCN!® 1,774K 17,974G 37.63/0.9588 33.04/0.9118  31.85/0.8942  30.75/0.9133  37.55/0.9732
DRRNI® 298K 6,796G 37.74/0.9591 33.23/0.9136  32.05/0.8973  31.23/0.9188  37.88/0.9749
IDNE! 553K 124.6G 37.83/0.9600 33.30/0.9148  32.08/0.8985  31.27/0.9196  38.01/0.9749
CARNU 1,592K 2228G 37.76/0.9590 33.52/0.9166  32.09/0.8978  31.92/0.9256  38.36/0.9765
IMDNEe! 2 694K 161G 38.00/0.9605 33.63/0.9177  32.19/0.8996  32.17/0.9283  38.88/0.9774
RFDN® 534K 95G 38.05/0.9606 33.68/0.9184  32.16/0.8994  32.12/0.9278  38.88/0.9773
DRSANS 419K 85.5G 37.99/0.9606 33.57/0.9177  32.16/0.8999  32.11/0.9279 -I-
ShuffleMixer! 394K 91G 38.01/0.9606 33.63/0.9180  32.17/0.8995  31.89/0.9257  38.83/0.9774
AEIE 454K 91.2G 37.98/0.9605 33.66/0.9181  32.19/0.9000  32.17/0.9285  38.92/0.9776
Bicubic - 30.39/0.8682 27.55/0.7742  27.21/0.7385  24.46/0.7349  26.95/0.8556
DRCN!® 1,774K 17,974G 33.82/0.9226 29.76/0.8311  28.80/0.7963  27.15/0.8276  32.24/0.9343
DRRN 298K 6,796G 34.03/0.9244 29.96/0.8349  28.95/0.8004  27.53/0.8378  32.71/0.9379
IDNUS! 553K 56.3G 34.11/0.9253 29.99/0.8354  28.95/0.8013  27.42/0.8359  32.71/0.9381
CARNU 1,592K 118.8G 34.29/0.9255 30.29/0.8407  29.06/0.8034  28.06/0.8493  33.50/0.9440
IMDN®! x3 703K 715G 34.36/0.9270 30.32/0.8417  29.09/0.8046  28.17/0.8519  33.61/0.9445
RFDN® 541K 422G 34.41/0.9273 30.34/0.8420  29.09/0.8050  28.21/0.8525  33.67/0.9449
DRSANS 419K 43.2G 34.41/0.9272 30.27/0.8413  29.08/0.8056  28.19/0.8529 -I-
LBNet(®® 736K 68.4G 34.47/0.9277 30.38/0.8417  29.13/0.8061  28.42/0.8559  33.82/0.9460
ShuffleMixert! 415K 43G 34.40/0.9272 30.37/0.8423  29.12/0.8051  28.08/0.8498  33.69/0.9448
pSX-05R 462K 47.1G 34.43/0.9271 30.40/0.8430  29.13/0.8059  28.19/0.8527  33.80/0.9456
Bicubic - 28.42/0.8104 26.00/0.7027  25.96/0.6675  23.14/0.6577  24.89/0.7866
DRCN!®4 1,774K 17,974G 31.53/0.8854 28.02/0.7670  27.23/0.7233  25.14/0.7510  28.93/0.8854
DRRN 298K 6,796G 31.68/0.8888 28.21/0.7720  27.38/0.7284  25.44/0.7638  29.45/0.8946
IDNS! 553K 32.3G 31.82/0.8903 28.25/0.7730  27.41/0.7297  25.41/0.7632  29.41/0.8942
CARNUE 1.592K 91G 32.13/0.8937 28.60/0.7806  27.58/0.7349  26.07/0.7837  30.47/0.9084
IMDN®! x4 715K 41G 32.21/0.8948 28.58/0.7811  27.56/0.7353  26.04/0.7838  30.45/0.9075
RFDN® 550K 23.9G 32.24/0.8952 28.61/0.7819  27.57/0.7360  26.11/0.7858  30.58/0.9089
DRSAN® 419K 30.5G 32.15/0.8935 28.54/0.7813  27.54/0.7364  26.06/0.7858 -I-
LBNet®® 742K 38G 32.29/0.8960 28.68/0.7832  27.62/0.7382  26.27/0.7906  30.76/0.9111
ShuffleMixerf! 411K 28G 32.21/0.8953 28.66/0.7827  27.61/0.7366  26.08/0.7835  30.65/0.9093
B ik 474K 26.5G 32.36/0.8969 28.75/0.7847  27.65/0.7389  26.31/0.7928  30.83/0.9125
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N 3-1 fow, ARSCHRH R S it Bl LU BE R HCH 4 1, B
197 BERUR, (HRE LRFERECN 2 A1 3 i, AU IR RAESOR . BT
K, ASCKMNSHE SN BT

(D ZHEHTHEENMT

KREHLNSEES FLOPs 4334 474K 5 26.5G. % LtF CNN-Transform
FIFR, R E LB LBNet 248 T FF 1 268K, i1 5.8 FLOPs T 1 11.5G.
X E B R Oy S E S S . T ONN BRI, AsEERT
RFDN Z4(& T 7 76K, {HJ21H5i & FLOPs 7t 2.6G. 1A &M It RE 2
RGN T IR B FE R A JRRHIE S B, 3T — B RUX MRS B b
IR, BRI/ N T MSA H IR REIE . 45 b, ARE|EFILSII T Transform
Rt AL, SRS R A LA

(2) ZWFEH% PSNR 5 SSIM 434t

AR FEHRAE LR EON 4 1, 50T LBNet HIA7E X5 4 Urban100 fJ PSNR
55 SSIM Z /B 42T} 0.04dB. 0.0022. Urban100 ¥EdE F ERMTT 5, & K&
I oy, Bk 224 JR) B 38 N AR H A 23 R SR BBCRFAE Hh 1) s B 23, R A4S
2% 7847 P P IX S8 s SRR 25 S BB R s G R, TS 3] T BURIER T 4
F RFND H:7E Mangal09 #(#54 = PSNR 5 SSIM 4354 0.25dB. 0.0036 [1]$2
Ft, X EZAT)T Transform L6 PRI0ERIE LA R3S VA T 148 AR R K 42 J) R S e
73, FRESE A TH B RVERME SCILEE A i Ay PR R B AR . AR ERFEREECH 2
30, AFEIEMNIUR T 0w R, X 3R R I 25 2 B R 73
HEUGH/INEE Sy 48 x 48, AEZAENRNAR 3 HE R R MK/ R AT
EE i/t B, 1R 3.2.2 B HIERLER A IR 2 B B =R SRS F
A NRFAEAR DTS A RS o 280 N AREAE A RS 528 2K T [ 8 30 #8 B 1) R i
RSEBERASE B ER, MRS PR ERENS R TR, &5 F, AR
BT Hoph S Bk VAR 2 AR bR 45 R IS T AN RCR

N AR T RE S HA M LR, R R RN 4 1
Urban100 (448115 PSNR, [F] FLOPs 5&$ &L S e B LhER, ik 3-10 A

No
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N rzas
263
- LBNet
%1 | @ DRSAN
) _ IMDN
g 259 ShuffleMixer
2 CARN
(a9
257
255
© ox
253 >
20 30 40 50 60 70 80 90 100
FLOPS(G)

Bl 3-10 AR BB S0 S LU B T AL I
MK 3-10 Al UG A B REAESHE . 1HEE S RWES Rl T R
P . JoiesE R CNN-Transform H%41 40 LBNet 52 CNN %4140 RFDN.
P I B B B b A S a3k AR, i B Urban100 {4 25 img012.
img024 5 img062 HEAT A% & Bk i 1 R 55 FL A S itk B0k o 2 s 1 R
R HEAT X L an ] 3-11
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PSNR/SSIM  21.82/0.5307 22.62/0.6118 22. 95 0 6471 23. 14 0. 6651
EHHEERM=XEEE DRRN

23.37/0.6887 23.63/0.7136 23.66/0.7153 23.68/0.7169 23.89/0.7365
DRSAN  ShuffleMixer ~ LBNet RFDN AEEHE

|w
’ PSNRSSIM 17 560391618 39/0.4826 18. 7605220 18. 990559

ﬂlll

19.40/0.5870 20.00/0.645 20.27/0.6575 20.37/0.6633 21.16/0.7001
DRSAN  ShuffleMixer RFDN LBNet FEHHE

PSNR/SSIM  19.16/0.5543 19.94/0.6428 20. 31 06849 20. 50 07061
En PR @1‘%%{ fﬁj;mﬁ DRRN

20.79/0.7379 21.24/0.777421.29/0.7812 21.38/0.7854 21.78/0.8140
DRSAN  ShuffleMixer ~RFDN LBNet rEHZE

Urban100(x4): img024

Urban100(x4): img062

B 3-11 ARFHIE S H A et Sl e O L

MBS 3-11 FEIRRTBE Y, AR ESVAE BB R KR TS =

HERER, SEL T AR ROR o (ERAMELT R B R R B RIS

W= B, LERZ% [ BT 2 2 025 8 A R IR BT A, BUIK R B Y

SIES-E

3.3.3 BEEpHh

7 bR TR R B AT T AR, fE A A B it e
U AR AN A A S, B2, R T R A S

BEAT SIS, EEX VYA BUE AN R (75 SR R SRR 5009 1 < 1 B

3x 3B 7T x 7 HWEIGBIR, WA 77 WEG. 7 LRFEGECN 4 B -

HHTNZRMES, R Set5 Al iH 5 PSNR /E AT R bR . BAkIn T3 3-2.
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R 32 RSB R AE R R

J7i% PSNR(dB) ZHE(K)
1 x 1 HH 32.20 256
3 x 3 HBM 32.36 3392
7 %7 KGR 32.26 1792
PN 7 x 7 E K]S 32.32 6784

MR FAT UE HIE R 3 X3 BFE PSNR 58 E AR RMAIRR . 3X3
BRUE— M) B s R 7 PR BB R AL 35 B AR BRI TT T BRIk B
(B 50 T ARAIE AR 3 58 BB R MR ICE AR R AE

FE CNN B — UG IR e f B EOE R, (HR AR Z R TR U L I
A HBE R, Mt A SCEH ZH—4(LN). RELU. LRELU. GELU £~
WMETERZZG, £ LRFEEECN 4 MRS EEHIZME, RA Sets 3L
PEEETHEL PSNR 1E NP fiadn . BARSE R ANT 3K 3-3.

K 3-3 KRR RO B HOH Rl 4 R

Tk NO LN RELU LRELU GELU

PSNR(dB) 32.36 32.20 32.25 32.27 32.30

T 3-3 RIWAE O R BOL B R AR, HE B R B R AR M R
REEREMAASE R, T8 2 RO P ot MG REA T I S5 B G i £ Jo ot A A P S8 o 4
WO, FER I ZR I R R AR SR I R BAE ] 3 X 3 B AR B A B0E sk B 4R
PEHRAE

TR ZE A JR T I SR HUR AR B Bk B B A A 43, OB EUREAE P (1 i 4004y
B, RS PR E AR B 1 AMERRZE SR B ERE e, B 2 e
4R B 3E BLPE IO F AR 2 B, AR 3 {8 F AR 22 AR S LR I B R AT i
ZERERE . (E LoRFESEON 4 A48 LS BrIZEm4%, KA SetS. Setl4. B100.
Urban100. Mangal09 #4821+ 5 PSNR 7E AR 18R, HEE R InE 3-4 ik,

B 3-4 BRI AR E G RO At R %

ik ik Set5  Stel4 B100 Urban100  Mangal09
R 1 3227 2870  27.63 26.20 30.75
T 2 29.18 25.22 23.40 22.20 28.13
FH 3 32.36  28.75 27.65 26.31 30.83

MR 3-4 HRT DLk B AR 25 45 R 1 3 N R O R SR AR A R FE
BER TR . BIUNLE Set5 5 Urban100 E23 5427+ 0.09dB 5 0.11dB. 1HZLE(#
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5

JHVB 28 4 ol VL I 908 Y5 R AN Y ke 2 R e, RV 4 e o M B KR B2 T %
X E B RO TR, RIS ARSIy & K8 B R, S EUR )G
v o R UG B K N B o Wb, TR 2R R B TE AR 25 A R 0@ BRI R i 3
TEEIER.,

e NoR, ASUK A WTTERR 2 4R & PRI R I8 38 1 2RI AN, A
ORI A 1L 240 4y 8 . FE EREEEECN 4 BRSBTS, RH
Set5 HdadE 5 PSNR ME PRI 4R R . HIHELSE R WA 3-12 fos.

32.39 oo oo
3237 |
32.35 |
3233

3231

PSNR(dB)

3229

3227

32.25

o F

1 2 n 4

(a) PSNR % EL &

[E=N
(o]

(b) ZHEXTLE
B 3-12 FRZE 4R B GG NSRBI flas R K
M 3-12 ATELE Y, £E n=1 MR 4R B G RSB P [F) 22 (W) R
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4 ARV TR S AT

Bl AR, PRIV 1 s AURFAE, P DAk m oy . 2 n = 4
i} PSNR BT SHENDESRT. 4 n =8 BF PSNR [CH BT, HZ
SHEA BRI BT ARG R ZE 4 R S S B I 2 AL, R n
=4,

it — AU AR 22 42 ) B 3G RO SR B, AR SO 22 4 J) B R R 1 i L
REAEHEAT FTAAL o B S PREE HH R 25 4 SR DR BRI HHARRAE , X S5 EAT I3 — fb b 3,
SHRFEHEAT BUSME B, 5 HEAT Uint8 Zms af AL AE B, JLaT itk gt S an i
3-13 iz

Block1 Block2 Block3  Block4 Blocks  Block6 Block7 Block8

mraRil IR %
s N i

’(-r*L !

‘Qu\..

-

: M\"‘
AT R
(AL TR

] 3-13 B4R I LR i A RAE AT Rk,

K 3-13 ', BlockifXF % i I~ RARB #t. MKl 3-13 WTLLE Wk ZE 4R HIE
LB PR TEAr R B T g B, B A R AR o A5 4 B SO
E AR AT 4, ASRTH I8 R Ay e S AR

T A 1P A Bt R B ) B A G, 1 S A T 1R A R i S
oo BATIHRESENG . VEE o (BN 1. 24 3. 4, 7E LSREEEECN 4 BdE4E -
FEHINGMLS, KA Sets B 4E1H5 PSNR 1E NP Fabr . FLH S Ak 3-14
FiR
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3

32.36

32.34

PSNR(dB)
w
w N
SR
w N

32.28 |

32.26 |

32.24

: W 4
Bl 3-14 3507 B BUGE S KL o LS R

ME 3-14 AT LLEH Y o= 3 B, BUSRLICR.

FESB VAT 4R B RAR] LU R BUAE R4, B LU 5 T 14 B AR K I 0t 75 2k AT
THRALSEES . ASOERENECH 20 3. 5 LAIRAEU BRI 1, B8 2, f
T3 SRR 4, 7F FSRFEMEHON 4 I, DIV2K $dE 55 E Bl 2R R4, 5K Set5.
Setl4. B100. Urban100. Mangal09 ¥(#E4E 1145 PSNR 5 SSIM 1E NP 48z
Ha5 1%k 3-5 i

B 3-5 BRI TR R I RO Rl

. e Sets Set14 B100 Urban100 Mangal09
Jrik ZH#(K) FLOPs(G)

PSNR/SSIMM PSNR/SSIM PSNR/SSIM PSNR/SSIM PSNR/SSIM
1RE 1 422 24.1 32.12/0.8940 28.58/0.7811 27.56/0.7357 25.91/0.7809  30.40/0.9076
1R8I 2 436 26.5 32.16/0.8946 28.60/0.7813 27.56/0.7358 25.98/0.7826  30.41/0.9078
iR 3 465 26.6 32.16/0.8941 28.60/0.7816 27.58/0.7362 26.04/0.7839  30.42/0.9082
1Y 4 460 26.5 32.20/0.8970 28.64/0.7830 27.60/0.7365 26.14/0.7850  30.47/0.9095

M 3-5 Al UE R FIR S I 8o, S8R v S E N B SE ik
R EEICR

3.4 REING

ARFESEH T I T B TR H A R O R . e, R
4 JR) IR R VR R A AE TP B i U S, A R 2% R R AR T TR R
AERY SIS THENE I 7 HE R AR . TP B 4 R S SO R AL
(IR BE AR REAT FTRRAL , JIE SEAZ AT ER REAT RACH FR IR B2 AP AIE Fh 1) S 345 B o L
P RIS AT 1B RURE Transform H MSA 2514, LA#R Transform iH5 2
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2% £ e M LATE 5 5 A4 0 9 e o S SR o 5 P P 1) L o o0 U1 T 145 AR P A B
BT T M AT 5, B T BRI TR A P RO X 4% S o 7 R AR
HOh 4w, ZHEE e CNN 5%, #ilin RFDN M LLEE R T 76K, 7R
ANFEHERAR 4R B PSNR F1 SSIM 2/ 73 5ll52 7 1 0.08dB A1 0.0029. 526 (1)
CNN-Transform 58240, U1 LBNet AHLL 2458~ % 1 268K, 115 & FLOPs
T 11.5G, AR HERGESE 1) PSNR F1 SSIM £ /023542 F+ T 0.03dB Al
0.0007. FEMLBERCR b, ARFEHEH MR T Joilt Bk 5 AR AL BUR
A F BT I SR 5 DU I Sk SRR L SR T TS R R S AR L Ry
Wt E A VR R N B AR P
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FAE ETIAREMTIEXENREGRESBHERERRE X

4.1 5|5

fE E—EAd, AR 7T Transform ZEFIF R H03E TR 1 14558 HIY
BRGSO XN BRI B R BT S B T 1A B B E Y
14558 B BT MSA B, HARAERIIREE BLINRAE A 4E FE RIS, HE LR HE
PBURHIE . ASCUAMOA R S B I T 1B, Rt @ E . IRERT
SEEREERMGE R SBE EREZE, B — RS, BRIk 5
IR  [F) I AR Rk 7y P A B g Bk b i FH R B T 2 P 3R 47 1 5
DR sl PR O . fE b, BB AR B G RE Rl TR N K
QBRI B i A A D5 A RSP AHDLAC o Wk, 75 2 — b s A 250 77 AU 2R
P R, BRSSO B . a3 P40 HT Transform 2244
MLP [ 4F I 3 B3 5 00 188 18 VR & v B TS MLP it — P R B 1k
Transform 4244, [RINF, ik 22 nIvE R, $ Hh ik 22 1 1] B 7 23T ik 72 i
P o MR S R AR 2 ) B T RE DN B Y S S, J R AR AL Sy PR S I R

4.2 ARSI HEMLS

42.1 MLBLE

5 E—=9 R0, BRSPS W % (iterative high order gated
convolutional networks, IGCN) H ¥ JZ= 7 1iF #i HX ¥ JG (shallow feature extraction
modules, SFM). IR JERFHIEHEE #. TG (deep feature extraction modules, DFM). &7
R P15 2 'R e 2H I (HR image reconstruction module, IRM). H oy ERFEHR
HY B e pH BT 148 6 AR AN 1 50 7 7= /) B (iterative gated convolution and enhanced
attention block, ICEAB)ZH i% .
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M 3X3 & %%Eﬂ%ﬁ B TR ERE
4
N b 4
H* ICEAB —»=====—> ICEAB %X
& RIFIE R EERHE = PRER
PR TRHUE B EE
BCEAB
= =
a1 18
a v oy
g >Rl 6 D
e

Kl 4-1 IEAEB I M 28 S 4 K]
HRRER R IR IR H—4 3 x 3 BRABR, FHmAEG
| € RMVCIGERE M 3 FHm 3] C HBNREERHE B, e RPWC . KRR IAR(4-1)
Iz
Fs=Heon (1r) (4-1)
N Heony 103K 3 % 3 TR
I i IR FEE AR AL 2 7 R FEE AR A A BB 76 e i Sk AR 14 B R AN 38 5 5 )
ﬁo%ﬁﬂ%%ﬁﬂﬁﬁ&%ﬁﬁmﬁﬂ~%mwmmmLm\%ﬁmﬁﬁﬂ%
P88 (iterative gated convolution distillation block, ICDB). 1 5 V& & i 38 I & /74
Ht(enhanced contrast-aware channel attention, ECCA) LA & 5 H A%k 2 4% il B 7T i ik 22
ARG, HAHAE 4-1 Fs . IRBERFIESS LR T DL A 2 (4-2) 7R o
F.,=Hies(F)i=0,..,n (4-2)

N, Higeas IRESE i AN ICEAB B, Fi 55 Fi 73 5IAREE ICEAB B NAFAIE 5

tRR IR, RFRIE) Fo=Fs, Fp=Fuo
B 8 — MR E R RS R BRI 5 IR RS 2 R S RHE, Fue A
IRM 13 2l Jm (im0 A R Bl ), an s 3 X(4-3) o

lsr = HUP(HConv(FD + HRCU(FS))) (4-3)
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N, Heon 1R 353 H . Hup ERWABRIRIE ERFE. Fo J9IR RIS UL
BRI -

422 EREMIIIEER

42.2.1 HBRURSZE i

EERIRE Pl « REA B ERESZE, BE TR NG R S E
LR 4-2 fios .

(b) IRFEW] 7> BB RURZ BY
K 42 BZHRER

FEE 4-2 PEE SRR R IR Z AR, (EEEEA 4R . 3T
RIEER 73 AR, BRI E R 0 WONRIE BN S G W S B RER
AR B 5l AR, B R A O SR ANl . B ARE
I A 4 R B, (HRAER R P O MR R . I e R S
JE M BRI OR S B AR, & 975 RS B A PR, RN IS T8l
T2 B, It DS IR 7T 23 B A B R AE I RSOR E Tl B A . 7R 2K
=M HIER, 5@ R Rz B BAEGR K T ESIRE R S
GIAKML,  DLIR SRR A2 BLAUR A PS5

AP VZEERR R, BRSNS G, BRI EIFGIA

IR, Bt T AR, BT RS . AT TR B AT ) B 2R AN
wWHE, mHNA S5 EEER KR . RS2 B 4-3 s,
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A

e

TS
.

=5

it

K 43 THINEERURE

M 4-3 W] DU A PG A3 AR AT DUE AR 5 R S RS L, 328 38 B KA UK
S0 i HS I TR SRR E B SR BRI, (ORI R B S IRE
B XU 1HE SRS S E Sl EEE A, 1 B AR B i
GRMA .

WAL M GRS, TR SRS S TR EM SRR i . A
SRR HARACA RENS SEDL I RIS L, A I RIS 5 Rk 32 RA SR
RIEACE B T TSR IR

4222 mfrIHEER R

R TIHEE, B ot Bl EEM, il EERa e E
4-4 Pon, Hid kel 2 4-4)5 2 5 @4-5%.

Fn—l’ Gn—l = HS(HConv (anz )) (4'4)
F, =¢(F,,) ©0(G..) (4-5)

A, Heony 5 Hs RGBS IEIE 73 B 1RAE . Foo B EGR 58E 7> A A S H.

FHIE Fo 51TTERHE G ¢ 5 o (RERBEE RS, ¢ A 2 FhiL$E, #40 RELU,

LeakyReLU. GELU %5¥iE %L, o 3 ZXK Sigmoid BiF k. 0 REXZFILHE
1, BIRGIAIAA.

50



730 MR PN TR e VAT

=)

[=]

Gnl EJ

ﬁ ]
& 8

.j 8 Fn

Frm ™
=

=

Fn-l 5

Kl 4-4 EIE[ G REE K
il [ 15 R 2R A AR S e iR A g N RFE AT A 2 o iy HL v 7]
A PR ESNRI AR L MR AT, XK AN 1 SR R, B LA SCE St
Tl [ REAT 70 i R B ER i N RER S IR G W 4-5(a) s,
g B L AR (4-6) 5 A RE-TFR.
F1:Gos = Hs(Howcon (Fi2)) (4-6)

I:n H PWConv ( -1 @ O-( H DWConv (Gn 1))) (4'7)

A, Heweon [RE BB Howeony fRRIKE B
B, FIFTE b— 108 i T S T B R — B E RS BARRAE 43 S I —A
MR, MR B, KRB, K E 4-5(0) R, HAHURE B
A (4-8)5 A (4-9)FK R,

I:n—l’ Gn—l = HS( PWConv( 2)) (4'8)
I:n HPWConv(HPWConv( 1) O] HDWConv (Gn 1)) (4'9)
* -
o = B ’ 5
Fn-? ’ % | ]:é ﬁ% > Fn
no 2
1
Fn-l

(a) MM ISR
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Fim 6 —

#

B > ik (=

(b) AN WS BRA ) R 143 B
Bl 4-5 IS A

B, TEE 4-5@)h R AERSREERE TSR, mEmE T —
ANBOERE, BT R R R E . R E SRR E I SEIR, IRIERHME. £
K 4-5(b)Hhidt— 5 R S o 3501 PFE, TR BARRIE X BN s B R
SIS BT OREAE ) I A P SEBURHIE I S B (R A L, e
TS RHERE— B 1R 4, BEJGTE R UFE RS B2 JE NN SR, TRIRARIESE, IF
P RIREAGRURSZ B, BT TG LY R BT =Y, ASCER = 15
B REEA U, SSEWE 4-6 Fn, HdBEHARE-10~A(4-13)%
TNo

B, WHRIARHIEANF , e RS, AR mUERRY K N RHELE L BE f5
HEAT I 23 18 A S FAFAE FO, e R G 5ITTHSHRHIE GY, e R W% , Horpt H,
W. C AFRHERI E T8 LARARNAERE , A5 B4 R4 3 T B s 40,
SINFESHL Coase 15158 FARFAE 5 T 1HERHE I 4EE

I:no—1’ Gr?—l = HS(HPWConv(F 2)) (4-10)
GO i VR B 5 A 5 4 B B A TR AR 4 B A L, e R |
GzleRHx\Nxzcbase . GsleRHx\NxacbaS 3 H %EEE/\:_EE(“ ll)i%T
Gi—11 Gr?—l’ Gr?—l =Hg(a ©Hpweony (Gr?—l)) (4-11)

T HAERAE S B BAT WA IR 2 AT 2l S B AR T 4 S B, =4
TSR 2 ) 5 28 BEAFE TR A F0 R, Hid B A R4-12)fR. X HERHMES
FBEATTERIER B M SR T — IR T, HidfEama@-13)ar

7No
FI HPWConv( 11)(DGn17|_:|'12’3 (4'12)
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F, = Howcon, (Fi (4-13)

n
R, BN R E 2RISR e Hogen, N 1 KIEETIBLZ 3652 T
FFEATIO B Hopoy, IR SR

® ¢ E 56
R
S G
: é_l\\b(;l
. iE rial B
It ‘-é—
Fﬁ»%—;
-
j=1
FY, £

#

K 4-6 A THEER I
AT T AT D B — DRSBTS, T
3 I T4, B ok 1 FEAR I 2 [R) A8 BN 4 aod /b 33U A B = X
F i e o i HLIE S pr g sz Bt — B U TR B R BV S EBCR RO K T %
RS2 B o B2 T RASORBUA X 7E 52 A0 70 50 s g SRy b i I R At
B, xS ST et . PSR G RIS A R A R AR R BUE, IR
DI R SR LRI S R .

g

423 BEWFENIER

AN E S A AR 3 P R SRR P P R AR B Ry
T G 5 A [A)E T 0 SR A EEE L], AR SR e a5 A an & 4-7 1K 4-8 B

7N o

Foo
5 R B B T -
———»%—+#—»ﬁ—+ﬂ—» 9+%—»&
1 {\Hil‘ | —
*}\ % ‘t éﬂ. . *}\ v

B 4-7 155 A S5 K
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¥ &

P &t

Kl 4-8 RAIHIEE SR
B AN R 8 A R AE 4R, LR RVE R AR 2
B JE A — AN KON 2 BRI 3 G AREAT KR, 72K 4-7 N T
KGR, ST A EE— 0 T ORMEAFE, A — 4GRS L, Ba
ECRBEIEHEAT — IR, XA SR R R AE T SRR AR b o SR MR R AIE
R EFERIE R R ERE R, KR/ PHE R RER IR a0
A5 BER I EIZT Sigmoid HIIHIE BR 5 R AR R AL B FS ARG 2 e H RFALE -
ASCR T3 TR AU 1 0 2 [R) v E B LA T it Sk, B s fiEE T,
B R AR A =, g ni& 4-9 Pos.

5
%
#
é =
#
5| X y A AR oy
— s TRy — € %%-%@7%——»
m| & I B £ 2 B 2
B E R # 4

B 4-9 I 1RGSR R 45 1R
I A A 1 5 (A R T B B 2 S RRAE T IS
NS HE R FE A6 I 1S 58 2 [A) VR ) A0 Sl B AR X P S B A
TCIFAR G M S B Sk b o 5 SR T i AR Ol BB R T S 80,
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(B e IR SZ B _EoRUECE N T @G AR o B DL 380 T3 G AR A3 )L = 0 e S 4 -1
i 2 He 5 IR B DA SR BLE A i 7 W R A AOR
HARMGE, | 2B S — B SR A = o — e, AR
—A BRI . AE TR, B X e R G NS Coase LATEHH
Wede J5 gERE, Had#2n i aN(@-19)FR R
F =Howcon (X) (4-14)

X, Heweon NBER, HifHAF e RO
b J5 T SRAE AR e S 3 s (R A R, AR TR OR A K (4-15).
Faoun = Hp (Hocon, (F)) (4-15)
A, Hpcomw NEKN 2 B KNN3 BIREEI, He NP eE . Hm
tHH Faown #7556
TRFER B RS A S — k) 8GR, R R R AR @-16)% K.

FG PWConv (Fdown ) @ O-( H DWConv (Fdown )) (4' 1 6)

A, Howcon 5 Heweon 73 WA FEEI S RE, o N Sigmoid W iR %L
Wiy Foo EAEREE, NEESE, RIS PSR IES 5L
HFFEIIA Faowno
SR SRS RHE S AT EORAER— Ok 2 R, AR (4-17)
Iz
F,=Hy (Fs) +F (4-17)
b, Hoe N EREERAE, Gt B9 EREERMEIL N Fupo
)i FRFERRAE 5 AR R IE 22 AT — ) i B A7, B ERFERAAE 1142
RHIE, JRUBHRAE A HAFE. XA SRR A (4-18) KR .
Y = Howcon (F) © (Hpweon (Fp)) (4-18)
X,y e RO I 1R = M .
IREIBET PR A RS RHERME S 7 2, b s s S5
5K 4 R f i il Sigmoid WU RS JE IR RFAEAH 3145 2 5505 ISR o AR SORHR
T AT Y R AR G R IR A A, A B & 4-10 B
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¥ &
N S & H>

P &t
|
N S & H>

K 4-10 BEomiE AEE T s g

5 J5U 06 1R G 8 S VR A AR S A 507 E 2 RN R R IR e A
57722, JERI NN R S 23 wo A cor FEHIIME 577 ZEINBURAN . B 5 R 2
S RGGIRA BB E AR, I B RELU 0% 5505 #:5 GELU BUS B2

B, B HARAE Y x € R SRBURHIE 14 75 22 5 BME g F2 A] DL A 2 (4-
19)F1 7 (4-20) K 7w

Fag = Have (X) (4-19)

l:var = HVAR (X) (4'20)

K Have RARBURHIERIME, Hvar RRBURHIERI 7 22 it 3548 5 75 22 43l
H F,, eR™C 5 F, e R** K.

B8 JE R RSB 5 77 22 o B AN B8 2 S Bl S 5 /MR N I AT 2 ) &
FONBCRA, 1Zd TR AR 4-21),

Fsum_a)OQHFc(Favg)"'a)l@HFc(Fvar) (4‘21)

Rob, Hee RESBEEE. £, cR™CLRMN. ©RERLIH

Sib e e A A R R 22 JE B LSO A S 83 Sigmoid WO B
B SRS AL (R A T2 5 1 F R FU L y € R L AN RN A R (4-22)
.

y=FOo(Hyus(Fun)) (4-22)

KH, Hue NZZEFINL.
b P AN TR B AR 43 R B g R R B3R A WL ) et
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A LU — D G s SR ) H R B AV RE o I HLASCHE st e A v R T mLAR I
SEIN TEADRISHR B S, HRIES) TIRBEITERE . 12 SERTT 4.3.3
FEEAR T 18

fE B8, AR E SR BEN RS, Sl atrea IRt
s 2N BB K, S8R R AURALE 3 BRI 7 7 R E e P e
B o DDA AL, A E T 4R ASOAZ G AR . UK A% BB A ok
R ARE R A 2 P S ERAMBERIER T, A2 EMITiR. B
g, PR ER B ST K 4-11 Fros.

D R -

SH 6 kil

Kl 4-11 B %GR i 7s B 1A
SRR A R S5, WA s BRI N RN 4R . T4
B, WHAFIERN x e R™TYC, IS NHBEL Coase EEHIHNRHEUSAR 5 1IYERE o
AR (4-23)
F = Heoyoon (X) (4-23)

ﬁl:':l ’ HPWCovn /fﬁ%){—i% /l:\I’ :/H\:ﬁﬁll:ljj.‘j F ERHXWXCbase o
B85 F AT Pl B AR, Bl S AT IR AN | DU (e B AR e B i
BEdE . e B RUBIRY R AERE RS 205 H Az R T LA :(4-24) s .

y = HPWConv (f_l(HDWConv (f(F))) + X) (4'24)

XH, Howcon NIRELER . HitNy e RYC . #1575 BRIP4 B
AR B, (B R DA AR B 3.2.2 FRURE, fEMAFER.
Fe T ok, ASCH AR Wi e R FE SR 1K/ N S5 I A AR 5 1 = AL
KFRo EFT 322 W, ACHURSEAI S B A SLHERI AR, BT LATEIE#%
GRZET, AT RLE R — DN HEXN R ERL, Fla: 17 x9 SFIENFRERIZ. ik
GRGRNSTERET 433 H—DIR 508 . MHIEREMZI KA SCICNER
A RE R — G5 5 1T L7 43 0 07 26 ARG A X 45 5 v A X sk, AT S 5 PRV RRAIE D e
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BFEMEAAE . HRPE G g BRI A A H@-25)Fr.
F(u,v)*H (u,v)g f(x,y)Oh(x,y) (4-25)

A, Hedr Flu,v) A Hu,v) 70 530 5E 48 R o)A h(e,y) B B2 . 45
P * 27K, © %~ Hadamard #1100 {8 BLIHAR 4 ] 71 AR

WA (4-25) AT FUATHR A A AR SE R b 23 Ak I, A R AT —
SE AN O T LU B U SRFE RO DTS, SEIURFAEEAT 2 3 Hh R G TR T A
TE IR PN RS i J5 24 P WAk B AR SRR A2 L, ARZE AT (1 S R A 2
— PR AL, AR 2 A1 R A [ R R S R A 2 R e AT i B
JIEl, AERTHRAE . XA S AR AN ], RS0 R S v 5 1 A
Gri, BRTEZS 30 I AR X 38, IXRRTE 2 sl P (R SZ B ik — 2D Kl — 2B
M, BEfR R —MET R A R T EL

RATAA T IR VBRI SR = P R B, BRI — Al
— IRy PR VR RE AN T, RHIE AR SR ZE SR,

4.2.4 REEH| R ITSHFIEZE S

BRI AR EE R AT, HEMEWME 4-12 fos. RETE BRI B
AER M Y — A 42 ) P 22 R I AR S S 22 R o 110K, AR SCORER ] — i i 2
7 SR ZE i H e BRI, AIHRE S GBI A seilizid fe, AR =
2221 FAHE TIREG, IRE SRS RRZ KN 1 REE.

r

HRERER

IIII"ILA """"""""""""""""""""""" %

B 4-12 BRZE T 14 B ou 4k 18
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TEFE 4-12 ATk RARRRHEE T2 RFE RS B, IR SR AT DLAY
N—AHNE G N B R] 22 2] SHUS TR R AT W R AR AR B B 5 22 TS 1 ik 2
RAE 5 AR RFAEAR N o R 2242 1) B2 5 ] DO PRS0V B e S A, iy L S 0 B8 e 1
PR @RS, BRGNS E T 4.3.3 thifi— M.

RFAIE 75 U A2 70 4 SRR 0 9% 3R o A AR o o P (Y I i e B R AE 5 B I
e AE AR X P 7 ASE IR KPR A8 B, B, R 28 T B
KrEmN, SEREMRES B2 JF3T . BARMUL, FIH SN I RHE4E
FER)—2F, FF R A0S o 20 i H 2 A AT i 2R A O R AT LR A =X
(4-26)~ A (4-29) 7

Fa, =DL(F,) (4-26)
F,, =DL(F, 0G,) (4-27)
F, ;=DL(F,0G) (4-28)
Fy 4 =DL,(F,0G,) (4-29)

Ref, R, eRPWCNBINFHE, Fy (1=12,34)REH i WRHEAIR IS HRFAE -
NET BRI NE S Coaser  F, e RV ED G | G e RPWEDC (k=0, 1, 2)1K
R ket 1 BT IS F AR A HAFIE 5T IHE4FIE. DL (i=1, 2, 3, AR 1 7%
TEERE, Hh AUET SR REUH R NGRS S 4R IR 4-1 TR

R 4-1 FRAEATREERm NS 4R R R

AEEEEE MR R

DL, C C/2

DL, Chase Chasell2
DLs 2Chase 2Cpasel/2
DL, 3Chase 3Chasel/2

AL AR TR S SE I i, IS B BRI s i T BRI TG L 5 S R 4
A2 50 B o AR S BE PR R ILIA AT TR B BUNEE 91y By i 454, [ 4-13.
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RSN R —r 2 BT AR T A
WS s BB R SR B I 5 H5GELU

B 4-13 BT TRE UG R R T e 451

43 RWERS ST

43.1 LR E

(1) B Ebr
SRS, YRR T HE-T MEMR B2k B Flickr2K 1 2650 5K B A1k B
DIV2K ] 800 7K & H . IMZrATFIL-L EIME N DIV2K [ 800 5K EE& .
TP ATE SR PG RE, A SCfH A SetS. Set14. B100. Urban100 A1 Mangal09
X5 AMRHERR SR . PRI (SR LL(PSNRYRT Y JHIE (RIS ) 1 IR S5 A A
AVE(SSIM)BE IR PRAG T A7 . ETF R B R E S A -EFE L, 2308 5 FLOPs
5 At S i R 285 AT X L
(2) [
A5 FH R = 00 KA 0 07 2O U HEAT T RS 2O 2. 34 4 RSN, &y
22,11, EREEFUERE T DA an A (4-30) %R .

I LR =l HR ‘J’s (4'30)

A, e REBESHREGR, L K HFHFREG. I RER s BN R
(3) A& 5 ) SIS
REEIE-T H 8 MERI TGN i & R, EEH I E N 64,
HESEL Coae BN 24. KHBENLIER 90° + 180° + 270° FI7KF-HH%% (1) HE 14
SRITVE . MR R/NEE N 32, A LR A patch K/NRE N 48X 48, AL H
AdamW AL BEAT ISR, BIgh~ 2R E N 1X107, &R 1X10° FEHRZ
IR K 5 S BRI TTIEEE S 1 X107, L1 Bkl TR 1 X100 BRI AL . L1
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TR BRHL

REFE-L H 14 ANEAT BB R R R, mEEE N 64,
FBSEL Coase TEE N 320 K FHBEHLIER 90° + 180°  270° F/K-F-HH%E (1% E 15
SRJTE. MERKNEEN 64, [ LR HiiA ) patch KN E K 48X48. HAH
AdamW AL BEAT ISR, BHIEH7 2 FRE N 1X10%, &R 1X10° 5 EH R %
IR K ) R PITEFEE] 1X 107, LT R TR 1 X100 AR 8, L1
R A X @E-3) AR

Lr=— Z| ()~ HR(i)| (4-31)

ieN

A, Ise WES PR ERGWEE, I ARPHEE. LOFRSER LR i A
%2, HH*E HR 8 SR. N AERBIGEEINH.
(4) SEEOI BT

A& HE-T 7€ GPU /& GeForce RTX 3060 GPU I, {# ] Pytorch SZH A & 5
o CPU 2% 12 ARITERF/RIEES 15-12490F . ARG AN K S A5 A7 7 [E A5 Wh 4
DS42HKVS-78BFKYO [.. #:1FE & %4 windows10.

AEHE-L £ GPU N GeForce RTX 3090 GPU I, f# ] Pytorch SZHi A & 54
. CPU #& CPU N Intel(R) Xeon(R) Platinum 8358P. #{E £ %A ubuntu 20.04.

432 SEIGLER

AR ARG LT 506 MW BB P E &5 (CARNIM, IMDNM6],
PANI®l, RFDN*7], DRSANPL ShuffleMixer!!)E Tt EE o I 7700 4 FE Kk
PAN [ 284 F A& 3R L], IMDN {3 Fl VR &3l 38 E 2 /AL, RFDN A3 A o
AN R AL, X e 2% 2 A F VR R D HLHI SR T P 45 1 RE AR i R Y 2 . A2
PR ¥ #11 B K 1 DRSAN i F MSA 25 il 7R 72 R IE o« INRFAIE 28 1 B 42 10 £ PSR it
IMDN 5 RFDN i  Z& g Re it — DR T/ pr e gtk g . Hon bu sl sk
4-2 flros, e FLOPs 1Ems 70 #F 3 EUE Oy 1280 x 720 W45, B FREERECN 2.
3. 4 AT R R R BB N R /N 640 x 360, 430 x 240 320 x 180, K H
AR bR R AR
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* 42 REFE-T 5t B R

Set5 Setl4 BSD100 Urban100 Mangal09
ik LRBHES BHORK] Multi-Adds[G]

PSNR/SSIM PSNR/SSIM ~ PSNR/SSIM ~ PSNR/SSIM  PSNR/SSIM
Bicubic - - 33.66/0.9299  30.24/0.8688  29.56/0.8431  26.88/0.8403  30.80/0.9339
CARN!'™ 1592 222.8 37.76/0.9590  33.52/0.9166  32.09/0.8978  31.92/0.9256  38.36/0.9765
IMDN 694 158.8 38.00/0.9605  33.63/0.9177  32.19/0.8996  32.17/0.9283  38.88/0.9774
PANL"! 261 70.5 38.00/0.9605 33.59/0.9181 32.18/0.8997 32.01/0.9273 38.70/0.9773
RFDNH7 2 534 95 38.05/0.9606 33.68/0.9184 32.16/0.8994 32.12/0.9278 38.88/0.9773

DRSANPY! 419 85.5 37.99/0.9606 33.57/0.9177 32.16/0.8999  32.10/0.9279 -/-
ShuffleMixer!'*”! 394 91 38.01/0.9606  33.63/0.9180  32.17/0.8995  31.89/0.9257  38.83/0.9774
KRBT 306 62.7 38.09/0.9608 33.76/0.9186 32.17/0.8999 32.27/0.9288 39.03/0.9779
Bicubic - - 30.39/0.8682  27.55/0.7742  27.21/0.7385  24.46/0.7349  26.95/0.8556
CARNI! 1592 118.8 34.29/0.9255  30.29/0.8407  29.06/0.8034  28.06/0.8493  33.50/0.9440
IMDNE#! 703 71.5 34.36/0.9270  30.32/0.8417  29.09/0.8046  28.17/0.8519  33.61/0.9445
PANI®7! 261 39 34.40/0.9271  30.36/0.8423  29.11/0.8050  28.11/0.8511  33.61/0.9448
RFDNH7 3 541 422 34.41/0.9273 30.34/0.8420  29.09/0.8050  28.21/0.8525 33.67/0.9449

DRSANPY 419 432 34.41/0.9272  30.27/0.8413  29.08/0.8056  28.19/0.8529 /-
ShuffleMixer!'*! 415 43 34.40/0.9272  30.37/0.8423  29.12/0.8051  28.08/0.8498  33.69/0.9448
AREEEE-T 314 28.9 34.45/0.9275 30.40/0.8427 29.13/0.8055 28.27/0.8538 33.91/0.9461
Bicubic - - 28.42/0.8104  26.00/0.7027  25.96/0.6675  23.14/0.6577  24.89/0.7866
CARNI! 1592 90.9 32.13/0.8937  28.60/0.7806  27.58/0.7349  26.07/0.7837  30.47/0.9084
IMDN[ 715 40.9 32.21/0.8948  28.58/0.7811  27.56/0.7353  26.04/0.7838  30.45/0.9075
PANL®"] 272 28.2 32.13/0.8948 28.61/0.7822  27.59/0.7363 26.11/0.7854 30.51/0.9095
RFDNH7 “ 550 239 32.24/0.8952 28.61/0.7819 27.57/0.7360 26.11/0.7858 30.58/0.9089

DRSANPY 419 30.5 32.15/0.8935  28.54/0.7813  27.54/0.7364  26.06/0.7858 /-
ShuffleMixer!!*! 411 28 32.21/0.8953 28.66/0.7827 27.61/0.7366 26.08/0.7835 30.65/0.9093
REEEE-T 327 17 32.37/0.8969 28.67/0.7370 27.61/0.7370  26.20/0.7883 30.69/0.9105

M 4-2 W DLE WA B BE-T E AT A RSP B B s L8R, i Bt
H5& FLOPs fix/)y, ZHE UL PAN 2805 i o
(D ZHEHIHEES
AL — B A T Transform 2244, FTAES BB HUE T i — P T F%.
il ik B A A AR 28 55 B2 () REND 4%, S30E 5150 Multi-Adds 43
BITREE 223K 5 6.9G. BIAAARTEIEN L PAN WGESHEK R, HETHHEE
Multi-Adds FB& 11.2G, X EERR N PAN LR TAREILE ik, BRIZ
T A SRR SR AR SRR, SRESTHEN TR EEN
PR A 2 SRR s A B R B m A S B &, JEXS Transform 224433 —
AR, BARGATIGAEE Y 4.3.3 BRI,
(2) ZMFEHr PSNR 5 SSIM 43 #t
it b 32 BAE R SIHLEI K PAN W28 78 FRFERSECAN 4 1, RN K
£ Set5 [f) PSNR 5 SSIM 427+ 7 0.24 5 0.0021. X UF B A 55 5L 3 G 191 =
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JINLEIED N BRI AR A 2 . R R IR 28 e B 5 25 (R E = 110 RFDN W48 7E
ERPEEECY 4 I, AR SE-T ZEI A EHE 2 Set5 B PSNR 5 SSIM #2711 0.13
50.0017. X#t— LR | Transform ZEAg 0BT, 787 7 580925 o [RI Rt
TR PR, ANE T B, AR B B RO R AR
NI RIS, IRAIE B2 SR o Fe e S se M o — D IHR T T A el AE S50
REFRRFAE . K, SRULA T HVE-T 1A LRFEREEUR IS T SR RIRBER, Seil
TR S P AR I B AR T

N5 5 B E R CNN-Transform )42 84k 70 9 4 8 2 535
(LBNet!®®, SCET!¥) L\ & Transform [¥] % & {0 7 PF 5 & & & 7% (ESRTY,
SwinIRU, NGswinU)xf bt ASCRHAS A B H0%-L 72 LRAEAE By 4 1, [F)4%
ZHE T 5 BEEXTH, R begs Ringk 4-3, v D2K A3 DIV2K, DF2K
X3 DIV2K 44 AN Flickr2K #4E

* 4-3 REEVE-L 5t Ek Rk

Sct5 Sct14 BSD100 Urban100 Mangal09
Jiik ERFERE WIZRE SHGRK)

PSNR/SSIM  PSNR/SSIM ~ PSNR/SSIM  PSNR/SSIM  PSNR/SSIM

LBNet!® DF2K 736 34.47/0.9277  30.38/0.8417  29.13/0.8061  28.42/0.8559  33.82/0.9460
SCETH" DF2K 683 34.53/0.9278  30.43/0.8441  29.17/0.8075  28.38/0.8559  34.29/0.9503
ESRT!®) DF2K 770 34.42/0.9268  30.43/0.8433  29.15/0.8063  28.46/0.8574  33.95/0.9455
SwinIR* 3 DF2K 886 34.62/0.9289  30.54/0.8463  29.20/0.8082  28.66/0.8624  33.98/0.9478
NGswin!™") D2K 1007 34.52/0.9282  30.53/0.8456  29.19/0.8078  28.52/0.8603  33.89/0.9470
ARFHIE-L D2K 793 34.63/0.9290  30.53/0.8456  29.20/0.8076  28.59/0.8607  34.06/0.9476
LBNet!*” DF2K 742 32.29/0.8960  28.68/0.7832  27.62/0.7382  26.27/0.7906  30.76/0.9111
SCETE” DF2K 683 32.27/0.8963  28.72/0.7847  27.67/0.7390  26.33/0.7915  31.10/0.9155
ESRT” » DF2K 751 32.19/0.8947  28.69/0.7833  27.69/0.7379  26.39/0.7962  30.75/0.9100
SwinIRI*! DF2K 897 32.44/0.8976  28.77/0.7858  27.69/0.7406  26.47/0.7980  30.92/0.9151
NGswin”"! D2K 1019 32.33/0.8963  28.78/0.7859  27.66/0.7396  26.45/0.7963  30.80/0.9128
AT HP-L D2K 805 32.53/0.8987  28.79/0.7860  27.68/0.7403  26.48/0.7974  30.95/0.9142

M 4-3 FA] U AR HE-L AE DIV2K _Eib T4 {E 5 7E DF2K LI
2510 SwinIR, 7EMIAEHE4E Set5 | PSNR 5 SSIM 4 Jl#2 7+ T 0.09 5 0.0009.
5—FE4E DIV2K _EIZRH) NGswin 7E I E 54k Set5 E PSNR 5 SSIM 7374
THT 0.2 5 0.0024, IXUEWIASC &AL G K Transform 2% AL~ 11+ 5%
FE 5 M E R I e

NP TR T RS e BRI L, IR FCRFEEECN 4 1 SetS
HYEEETH 5 PSNR, [F] FLOPs 52 & L SAEEITP HLE, & 4-14 o
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B, CCA R/NBABIEER ). B8 | AEAATFERAH G A
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M 4-4 H B S AE A AR ST AR T R AR S Sk bG T AN v R LA g
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N9 FKIREFEEREAR TG T 0, KIKZEFHE LR BRI 5 h 51K

JERFIESE BB HR B H 1R 55 o AN SO HT i SRR3R AR F it D9 A1 20 e

fiE, BT N ERGRRERHEE LR S R E R, MIEE @S PR KR

I I LR A A A AN B, H R AE VI R S SRR AR W] DU 25 0 BEL LB P 2% 1 225
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BB 47 TR S R R ZERRAE %R TC R RO T R I W SO FE S R R
A A VERE AT TR I SR BB T AN [ S H0E (W 2% 43 O AR B A
P-T 5ARFEIE-L. 76 LRFERECH 4 EHLT, AFEHIE-L 5 Transform Hi%
FHEL, 40 NGSwin 7EHE > PR EAMEREAIEIEN T, SHE TR T 214K,
AFHIE-T 5 CNN HILAE, 61U RFDN, S 8a 5158 24 5 5 5 T B 223K
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5.1 51§

FE_EPAAS B A SOE L 0 A Transform 2844, IR &b g2 Sk BIER L
) 5 AT A 22 W 2% o B A5 HE — /N 4518 Transform 2244 o 3 22 A2 H— 1
LRI EANEITEE MRS, SR EANERE . DUONTR S AR CNN
HIZEA N _E AN Transform A o3Afr BOSEFPUREE,  SBTIRI CNN ZRRIR) L. &
S EE AT 4 R R IE S LS TS A2 X 2%, e ) F AR A AR EA T 42 JRIRFAE S L,
8RR B 2RISR AT e e p 4%, i3t — DR IR 2% a5k . SE 2, i
SIS, PR AT IR R R AR R 4, RIS R K

5.2 ¥HEBZARIEM L

5.2.1 1REVR LR EEH

JB 73 HF 2 EE A A Y U REAE P DL A REAIE B 7% 1R ) 4% (feature self-distillation
network, FSDN)J 4544, i 5-1 Foso

1
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SHER e TR AR R ER

e - E

B YR E R pr

I 5

7 N =

3 ﬁ—p QDCR e > SDCB 4.é§ > ;

B s sl ERTEE #
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X, Heon REBRZ KNN3 B, ERERE R e R NER T H

WA BRI KA 3 WERERRE Fs 23N B 2808 KB IR (self-
distillation and large kernel convolution block, SDCB) 1A (5-2) i~ . H 7818 K%
GIPH B AR S KIZERIH AR 5.2.2 5 523 4048

F =Hoes (Fy). k=1,23--:N (5-2)

A, HE L NE i NHAMWRZERR. F_ M E 5508 B Z RS A
5%& FERN Fo=Fs, Fx = Fpo

i N NEEEERI G, EdKREERGRERE S IRERE
Ja, FIHGRRAR IR LR s FeR BB GRRAR R IR Y LR —
MEKRANA 3 WERS TR RIRGE ERFAR, maPRRGERSREnAR
(5-3)F

ISR=Hup(H (FD +FS)) (5'3)
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ﬁl:':l, HCOHV{%%%* *?j(/J\jj 3 E’J% a¥l Hup 4%%%%1%%?%7%J:%*¥0 FD, FSj"j
VRBERIE L P AT . WA 1y, e RO, b s B F SRR

5.2.2 $FE B 2R IBEE

HZMGHE, gk 5-2(fR, MAFHEEEEE D S F, e RMC 4
BURFHE F e RPWPC 5BFUHIE F, e RPYWEP-C, Hih p HHSHEEH 1 5
FeW4ESE, ZidBinaG-4)r.

F.F= HS(Fin) (5-4)
A, Hs REEE 7 B AE .

b 5 B AR IE NS B ZE AT B . G REWIE 5-2(d)Fw,
W R ZE SR I E] 5-2(c) s AL FR WA H(5-5) iR .

I:B = ¢(HPWConv (HDWConv (FC)) + FC) (5'5)
ﬁEF', HPWConv’ HDWConV ﬁﬁuyﬂ/ﬁ%ﬂ%ﬁﬁ% /Elo ¢’fﬁ%§%ﬁiﬁ@§&’ ﬁ?iqjii
¥ GELU R NS B2

LRI A I B R Z T 2 5 5 R RE AT @18 5 A Rl e FRIR Y RE
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Fo =¢(Hewcon He (i Fy)) (5-6)
A He ARBER S
H BB R A AN 5-2(b)fs, B ZRTREER GRS =1 B & WG
A, B EAR AR 2 e s i 4R BE DD S8 BRI IR & e R RR
Ve H AR RS . 2R 2 (G-T)~ 2 (5-10)F7m .
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F, =Hg(F) (5-8)
F.=H.(F.F, FsF) (5-9)
Fou = #(Howcon (Feat)) (5-10)

b, Hi, AR A EEEE. Fo, FATARES A H, R, 45500
Fo=Fine F, e R HIEEBERIAH . BAREF, e RMEPC HTE HI

TR JRARFAL , H T H O Ry, e RPMWAGPC L A B 2K T BE 4 BUHUI dar O

HxXWxC
Fue<eR o

Y R —
@IS B EEER
EEE  EERRER Gi;——
v
ﬁ%%ﬁ (o)W 15 2 bk
ﬁfﬁ
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LIRY KGRI R, |5 0A A ARt — D sS4 /e A Ho . RKIZ TR
HIZE R 5-5 B .

T

AL IR S B>
w M &
3

B 5-5 KizEfdati K
Wl 5-5 Fin, dt— SRR E SRS iR R KSR S 4,
AR S AR vl 4, 2 R B A RG-1D)~A R (G-13)F R,

Fnrom = HLN(Fin) (5'11)
I:h = H PWConv (H DWConv ( H DWConv-d (Fnorm ))) @ Fnorm (5 -1 2)
I:out = HPWConv(Fh) (5'13)

X, HNnRREBEA—M, Howconva BARTINRE LT o Fin NFINFHE, Foom A
WS E A 2 G RHE,  Fo AT IA AR JS RRHE,  Fou 9% HIRFIE .

P, REFIERINE SN AT, B TR 3 AR BRI 451
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A5 5 5208 Transform ZEF (1) 42 R RFAE A2 L5 AT 28 J 28 SR AT 1
o PR AE, ONTE B R EG IR P BRIZ NN 3 BB IR S SR L
IR 2R A5 S5, 17 Transform &4 A A5 22 9 28 SRAOW RFAIE 1RO 3E 2 T BEAT TR BE
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BB E T RAIZE R AT

5.3 Zhigfnisk

53.1 BB

P B EETHEE R T AE AT AL B AR AE S AR R R o B B TR AN
IR LRI A BE I HTRFAE, AR T8 A5 A —AN i B2 JE 28 ) R 402 2% e B8 ST 2% 114
o PRI 2L TS AR AE BE 47 (M52 L

AR — R ERS —akieRE 5 I ER, 2 R e AT AT A B AR 4, IR
AR g0 o2 5 AR 1 o I S A e 9 T PG AR T AT 108 (e L AR 3 5 T RN 2
R, kK 5-7 s

K 5-7 FAGAZRE B A

M 5-7 W RIAEASSHANNL WS 2 ), R AR e e i R AT 1 el s TR i%
Jig et Jo B RGBT HEAT e o BT LA, ARAL i Sk X BRI SR 15 B, X Ty
PR R UL BB
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Bl 5-8 ko HEs AR AL i 0 LE
M 5-8 ] R HE R BRI A AL 5 KR AR, A T AR AL ) Y
Ji o T R B RARAE HE SR . R R R EA B KR,
AR B AR CAEAE R B B BB 2 AR, b

£AE A

S HY
.

Bl 5-9 G AR (% 0 b P

WIRAER 5-9 TN A IERA I ULES, BT BN %02 BLER I X380 A 1A%

Jite it ARGS9 SRR e DAL S A B A AR SR P R R ALE
GFRYPAAEASEL, RTHE > R B PR RE AT L EE

5.3.2 K RBE

8 B AR SRR T, MULTE AT AR, s e AR
e £ (x, y)<:>F(u,v), HAE f e, Y NBEEEAE S, Flu, v)N f(x, y) {8 LAz
o F(u, v)RT LAAT NTE LS SAALRE, WA (5-14).

F(u,v) =|F(u,v)[e?" (5-14)

A, V)| NTEREERE,  g(u,v) NARALE . AT A(G-15)F1 A K (5-16).
|F(u,v)|:\/R2(u,v)+Iz(u,v) (5-15)
#(u,v) =arctan(l (u,v)/ R(u,v)) (5-16)

A, R, v), I(u, v)N Fu, v)SEE 5 R
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it ¢ R BRBUNE LINAN(5-17). £, HR R EUE B P g b B
AR KA, AR RIBUR R . MoRRE @ EER S &ms PR ER
X RRME R R RS E LR

£ =3 e ()~ e ) (517

X, I REEIPRBERENEE. i RERESHREG. FoO)ZER LY
% iMER, *{FE SR HR. N2EG HMEENE

BEE M ¢ 100k R BOG BEAR AL SR B B, BDEERBR, InAa(5-18).
Gy P E 8 S B R BB AL 1 55 5 7 2 UG B AR AL 15 6] 55 A R 2 TR 22 45
P ERAD AR

£ =S ok () e 0 (5-18)

A, B R E S BRI AN S H ey TR o dor R i 70 HER EUR B AR AL
o g (i) RARGLTE o HISE | MEER, K SR BUHR. N MO g AR FAE

E, BEAEMM KRR AR (G- 197K,

Lo=Lvvel (5-19)

X, e—NHESE, HTARSMIA. T 543 o TR
TH RS .

TEM LR ATIRAINT , — V) SR A BEATLH i DS B 4 H R A o BT e i
FEFBOE AL 22 Fad K P BURER B 5t o BT 13X —AE LA SCR - MR IT IR ¢
BTG K . HARTTIRAE R 5.4.2 HRUR.

54 LBRERGHH

54.1 KB E

ZESCERET, Y2 B R Flickr2K (1) 2650 7K S A15K B DIV2K (1) 800
EMR A . N TR SR Mg IPERE, FRAMEH] T Set5. Setl4. B100.
Urban100 A1 Mangal09 iX 5 MR SEAER AL . ~FIU8(E 5 4 EL(PSNR)MT Y i
T (R B S5 R AR (SSIM) B R VE VR At Fibm . TETHI B AR FE 5 A AT AE 1
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HH, S%E S FLOPs 5 H A Sl i 4 3475 LE

(1) PJmmin

AR =00 A 1 77 SO0 R EAT T RFEREECH 24 34 4 IR &y
2219, EGEFEREAT RLE A X (5-20)% R

I =l Yo (5-20)

A, e RRESHIREE, L K PFREGR. L ARER s BN KT
(2) ARFEEIE M SLILGH YT
REEFEHE 8 NAZBMARZGIAHR, WS E N 64, Filil ZHRHE
YL RS E p BOEN 0.5, RHBENLIEE: 90° + 180°  270° F/K-FEHF: i
PEshsR ik, R KN E N 64, F4 LR fiAK] patch K/NEEE A 48X 48, 5
R Adan AR HEAT I 2R . RIUE2E SR E R 1X107, YIZR 1 X 100 EARIREL
(3) #RRBLE
AR AR A SRR T T IAL L 1 X100 SARHIRETRY . 245 2k b Bt 2 3K
(5-2D) 7R

£ =23 lsn )V )] +2 e ()~ e (D) (5-21)

ieN

X, Ip HESHFRERFENEIR, i A HHEE . FORREGR LS i 4
&R, KoK HR 80 SR. N ABEURHIEER AN E. 80 # EH @5 1 B R AH
Bl B g IR o g Bom mn 3 HER G IARAL 1 o 4 (1) R AHGLHE 6 (28 i MEE
*{F SR B HR. N & EUE LHAHAL 1S AR =4

KREEN & WE AN 0 MEARREEBIEE 1 X10° NMERIKEL e M0 Ltk
K22 0.02.

(4) SEHRIREE

GPU #& GeForce RTX 3060 GPU I, f§iH Pytorch St A ZE 5 7%, CPU &%
12 AR TERF RS & 15-12490F o AR A0 0408 48 OR A7 2[5 &5 W it DS42HKVS-
78BFKYO L. #fF %%ty windows10.

542 SLIGLER

AT AR FIES OA KRR 7> ¥ #H @ 5% (IMDNM!, RFDNI,
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ShuffleMixert!%), BSRNE7, VapSRIN) A7 %} Lt . BSRN i FRFAIE 28 1 B 4 5 7 =
FINLEIA L2, VapSR i F KAZ A R & I @ 4 . S8 S5 A AT AT 5% ELiiE
R T AR T BRI . BIR e EVERIE A 2 SR BRBOI R4S, ilE— Bk

HF A 5 48 1) 45 R 40 2% R B A 280 K BT IR BSRN 5 VapSR H 25 BUl e &
543 3B 5iFie. HXHLE R 5-1 por, Hd FLOPs £ = 70 #%
K509 1280 x 720 M43, RN _ERAEREEC 2. 34 4 Fodk B2 AR 20 9 3 BUR SR
/IR 640 x 360, 430 x 240, 320 x 180,

B 5.1 REEIESG S IE IR R

o - SHR® FLOPS(G) sets Setl4 B100 Urban100 Mangal09
PSNR/SSIMM  PSNR/SSIM ~ PSNR/SSIM ~ PSNR/SSIM  PSNR/SSIM
Bicubic 33.66/0.9299  30.24/0.8688  29.56/0.8431  26.88/0.8403  30.80/0.9339
IMDN! 694 158.8 38.00/0.9605  33.63/0.9177  32.19/0.8996  32.17/0.9283  38.88/0.9774
RFDNE! 534 95 38.05/0.9606  33.68/0.9184  32.16/0.8994  32.12/0.9278  38.88/0.9773
ShuffleMixer:®®! 2 394 91 38.01/0.9606  33.63/0.9180  32.17/0.8995  31.890/0.9257  38.83/0.9774
BSRN 332 73 38.10/0.9610  33.74/0.9193  32.24/0.9006  32.34/0.9303  39.14/0.9782
VapSRU%! 329 74 38.08/0.9612  33.77/0.9195  32.27/0.9011  32.45/0.9316 -I-
AE R 288 66.7 38.11/0.9609  33.86/0.9198  32.26/0.9008  32.49/0.9315  39.18/0.9782
Bicubic 30.39/0.8682  27.55/0.7742  27.21/0.7385  24.46/0.7349  26.95/0.8556
IMDN! 703 715 34.36/0.9270  30.32/0.8417  29.09/0.8046  28.17/0.8519  33.61/0.9445
RFDN"! 541 422 34.41/0.9273  30.34/0.8420  29.09/0.8050  28.21/0.8525  33.67/0.9449
ShuffleMixer:%®! >3 415 43 34.40/0.9272  30.37/0.8423  29.12/0.8051  28.08/0.8498  33.69/0.9448
BSRNE" 340 33.3 34.46/0.9277  30.47/0.8449  29.18/0.8068  28.39/0.8567  34.05/0.9471
VapSRI®! 337 33.6 34.52/0.9284  30.53/0.8452  29.19/0.8077  28.43/0.8583 /-
AR 296 30.5 34.57/0.9284  30.49/0.8444  29.19/0.8071  28.47/0.8586  34.08/0.9474
Bicubic 28.42/0.8104  26.00/0.7027  25.96/0.6675  23.14/0.6577  24.89/0.7866
IMDN! 715 41 32.21/0.8948  28.58/0.7811  27.56/0.7353  26.04/0.7838  30.45/0.9075
RFDN"! 550 23.9 32.24/0.8952  28.61/0.7819  27.57/0.7360  26.11/0.7858  30.58/0.9089
ShuffleMixert:®®! x4 411 28 32.21/0.8953  28.66/0.7827  27.61/0.7366  26.08/0.7835  30.65/0.9093
BSRNE" 352 19.4 32.35/0.8966  28.73/0.7847  27.65/0.7387  26.27/0.7908  30.84/0.9123
VapSRL%®! 342 19.5 32.38/0.8978  28.77/0.7852  27.68/0.7398  26.35/0.7941 -I-
AR 308 17.9 32.41/0.8976  28.78/0.7853  27.68/0.7392  26.37/0.7946  30.98/0.9139

M 5-1 ATLVE AT EEESHE T H & LS T RAMR, ETH R
L, RES > BUR AR HIAS T I RS R

(1D ZHEHHT

1 ERBEEHON 4 B, 5Z08EERH BSRN M T LA S RIS MR
TR 44K HHHEE TR T 1.5G. X FER KA T HIEIT RN B 2 MR
KR T S50, im0 XEGERITT R R EKT BSRN A AER
Jble S48 RIZ AR VapSR M4 HEI T LA & S S50 R % T 34K 1t
HETRT 1.6G, X3 B By AT 5 Al 1 KA BRI T VapSR 19K
A BUE R LRI TR N, i B A AR RS RS R
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(2) ZMMFGHr PSNR 55 SSIM 4347

KREHIEE T BSRN 78 FREEAREHCA 4 18, {E4R4E Urban100 I~ PSNR 5
SSIM 737l 47+ 1 0.1dB 5 0.0038. KAZ G TR B 4 Jm R AR A2 T AR KR T
VLI R 26 F VR R SR R — 2B L0 A 25 A A D0 4 1) S 5 A AR AE B
T 128 ELR S SE AR I v 3 o AR, AT A4 SR 0 0 o a R Ik gt — 20

SEE

o

Ry A A A B R A R s, R H S -E A, BEH
15-T 5% = F R vL-L 3047 LU, i B _EREERSEUN 4 1Y SetS Bidi4E 15 PSNR,
[f] FLOPs 58 &L S F b, WKl 5-10 Fiso.

327

ARRLL

325 ER

B5SRN ° LBNet

AT

(]

RFDN  shuffleMixer
1IDN

PSNR(dB)

-3

15 20 25 30 35
Flops(G)

Bl 5-10 A28 505 5 S0k S LA Tk P

HiEl 5-10 iR, AEFERTH - BRHEESHES FLOPs LHEHZK
TR, BAEE PR E AR LA AN IR AR SR HR-T AL
HIR FLOPs Bg i, HEAREFERBE PR ERERER T - S/HE-T. &
FHPEEE ZmE-L A B PR MRS %, (H2 FLOPs M3 4=
WAF - BHELN= 2 —. & LR, ARFEMR TSRS, ST
AR PR 3 5 MR R S T A B 2 IR P A

AT HVE S FAh e S 0 o e R M ROR . A SCEEL Urbanl00
) img006, img011 A1 img096 5 HoAth e dE 5L AT S SUR X E, Wik 5-11
7R o
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y @ .
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o L}
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PSNR\SSIM
Wi 1

7.

20.55\0.4884
W= AaME

22.74\0.6363
VapSR
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W= YA

22.74\0.6363
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BSRN
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22 72\0.6349
BSRN

PmM%M wmwun
FAHRER RN=KEE

Urban100: img006
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IWFN
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22.630.6315
RFDN

7.

22.79\0.6382
AT

17. 86\0 8037

18.33\0.8131
L5150
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RFDN
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BSRN VapSR
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ENE AT

Urban100: img096

B 5-11 ARFHE S H A et SRl e AR L
ME 5-11 7] DU A 5 AR B R AN BRI 5 v o o
B, ST SRR RCR o 1y ELRUON SR ok s B, AR B A R EL Y
BB S m o PR R 5 SRR S, S m o R R

543 BEDH

B SR B R 4 S5 R AT 3 AT, T AER R 4% 2 R v R I — A R A E
ATIHALSEES, HAmh s RNk 5-2 5/ 5-12 for, HAPEA 1 a2 E
T HABKZ G A, B8 2 A2 E T A AW
s, B 3 HEIE— L ECE TR YT.  FIRERTE RIS AR E R,
# 5-2 X Set5. Setl4. B100. Urban100. Mangal09 % PSNR 7E M 1847 -
& 5-12 2K Set5 fE NSRS 2] PSNR HH 4L
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® 52 EHACHBEIRE

J7i% Set5  Setl4 B100 Urbanl00 Mangal09

il 2 3235 2870 27.64  26.29 30.93
il 3 3241 2878 27.68 2637 30.98

W 5-2 o, ERMA—AUR A T RAZGIRBET, BIRER 3 1, Stk
Aefmc . OB 1 fEUIZRIRE sh AR BRI 5-12 P, P DOOFBCA 52 38
k. i, RAP g HARA 2 SR 3 YIIZR5E U TS 1) PSNR 5.

325
32 b
315
m |
=2
g 31 -
2 |
R30.5 |
30 P
N - 1J2
295 TR
— A3
29
5K 130K 255K 380K 505K 630K 755K 880K

BRI S
Kl 5-12 ZIH— i RS R PSNR HiZ: 14

M 5-12 FTLAEH, B8 1, RUE—)Z0E T 8 28008 KA B i o
I, W BIIGRATRE , BT A BER I P W 2% 25 R I R0 2% . 5550 2, R —
WIEHCE T B Z MBI YR G i B AR C Bl Z5 PSNR A L 1r B3 A ie
—HEERT. MR 3, BELERCE T RIZEREHET, PSNR 41 A
REFEE I-TT o BT LUA— LS TBCE T R A% G AR AT AT U R8RS E X 24 11 25 55230
kLS

PR RN KB AT 0T, BOL =AM, RERY | R R AR e,
BERL 2 S B BAERT R IZ SRS E 5-13()fin, B =R S EREE
KBRS 5-130)fin. FIREATE R IZREE L EFIIZE, & 5-3 RH
Set5. Setl4. B100. Urban100. Mangal09 L it% PSNR 4 SSIM Afitr. K 5-14
K H SetS NI UEEE 2] PSNR HhZE.
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s s
B | 5 ® - BR|®R R . &
> s q'aj:——vgi—b‘* ——n‘aj:——» s ——»E—» ?*—P% 71%—}
- m & E ?R - ?R
(14 " & (14 AN -
i i
(@) (b)

Kl 5-13 KAIZGRAPH Rhas i &

Nl 5-13 Firos, ARSON RIZ G R S rb S 5 R A B AT S s ik i 7y
HeE AEVERE . 1 NI BEAT AT A AR B I 4 A SR B RS . S ]
5-13(a) B E T KIZGREAT. YK 5-6 AT R ARG i 8f — K
BHVRYE H ZTHERE, B8 2 — RN B R, Zd RR KEAE R  B
AF(5-22)F A H(5-23) B

F = Howeon (Hin (Hewcon (Fin))) (5-22)

Fout = Hewcon (Hooweon (F) © F) (5-23)
XH, Heweonw ARBR, Hix NA—E. AEFHOREFNEESR LN
Hopwceonve Fin NEINFFHEEAT I IE— 2 S5 HIRFE o Fou Syl HARFAE
MARGS-22) P B H— W E BN TEBE 4R F 2t fE. B, L
ARATLAHZE A K(5-24).
F=Hu:(F,) (5-24)

A Hee AEMALZ JE R RGBS EH 1.
zZi b, SRR ZATH B 2R AR EIH— i R T H 2
H(S-23)PHAE F I NREERBMTRREEZ B EEES Fn BHTIRE
HR, Mk ROV RZ A E, e T —EIE ERAC . XEERRTHE
R B0 07 AR BB AR T R IEP E R . O 5-13(b)H K%
BRI, Ha] PURZE A 1 (5-25) M A 1((5-26)
F=H DDWConv (H LN (H PWConv (Fln ))) (5 '25)
I:out = H PWConv (H PWConv (F) Q I:In ) (5 '26)

MBI 2 A B AT A Y, AL 1 et e REIE A 1, B R4l
MREZEPERZ A H., 5 RCE PRGBS 14 AT I81E ER S o5
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5 Fn TR, MR RZEAZ . WIS G KRG R A R B RHIE
SERIBIE b AAZ . o SXAF I THRAIE 1022 .05 30 5 il AT AT R R 3R R
M5 R . - blEdscss, nrLAEY BRI,

% 53 KEBHRIERIA SR

R e sets Setl4 B100 Urban100 Mangal09
Ak B%E(K FLOPs(G)
PSNR/SSIMM  PSNR/SSIM  PSNR/SSIM _ PSNR/SSIM  PSNR/SSIM
BE 1 214 125 32.13/0.8937  28.57/0.7811  27.56/0.7355  25.98/0.7823  30.40/0.9339
1RE 2 308 17.9 32.35/0.8964  28.76/0.7849  27.65/0.7384  26.34/0.7942  30.91/0.9130
1A 3 308 17.9 32.41/0.8976  28.78/0.7853  27.68/0.7392  26.37/0.7946  30.98/0.9139

M 5-3 H A LUE HBE KA R, RS 4 RRRHE S B BT LA
REA ORI T B, R 2 SEOR 3 BN BRI SEE 51 H &, HREMRE
EAn Sets B AR 3 FLAERY 2 (1) PSNR B 0.06. X Ut I KGR LM
ZAL IR 5-13(b) 17 NPT

324

32.35

323

g 3225 o
% 322 —— JEA2
= — A3

3ZSK 130K 255K 380K 505K 630K 755K 880K
AR
5-14 KEZBPUH RIS R PSNR 28 &

M 5-14 AT LA HIBEAY 2 () PSNR 2R S BkER_EFHX 3, KB
BURIREFAE P 05 SR FE %, MY 3 ) PSNR ik 2285 LT, XU K%
LY SRRIE (5 B BRI, FHEAR R RFMACH . B ATE T 4% 4544
I, AL 55 R YEE RS BN AZ AT .

XoF T 28 BT T R SO AR T 58 5, T RAG IR 451 2K R B0 SRV R 52
Wi o SRR R AT S E e ATIHRSEES, B E 5x10, 1x107, 2x10°
SAI5x107°, FHyEmhgh Rk 5-4 5K 5-15 fion. 3R 5-4 REFTREN & 1IME,

PR SR AR BRI RAR R R IR, il e =0 I, S5 R SR T ¢ Ok R 3
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KH Set5 HiyE RS PSNR PP dahs, FFitSEiRki)E 100 MEARER T
HidxTEF.

R 54 ¢ RUEHMEIREK

e BUH PSNR(dB) R E
0 32.31 0.02433

5%10 32.32 0.02456
1x1073 32.35 0.02519
2x1073 3241 0.02539
5x103 32.38 0.02891

MR 5-4 MTAE MY ¢ =2x10° I, SERGED PR EEVERE R MRAEH
REIBMEATAE, 2 e =5x107 W, 455 AR (R0 v 0 246 s ARG S 3 S DU A o
FABIE O N R B SMEAE ZBE AN R o B — X S 451 2R BB AT w40k G ]

5-15 oo
0.06
e=0
0.055
—e=5x10"
0.05 —e=1x1073
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e=5x103
0.04 ||
|
0.035 [E
\
003 ||
0.025
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AR
Kl 5-15 e BB S5 kg4 2k il 26
M 5-15 A LI, 24 e = 5x107 IR AL 100K %
G W T HAR AR, Sk LA S . HARIEBL T, ik i miir, 5k
RS, Biln e = 2x107 I EARIIZR RS TUAE ¢ = 0 K BDJ7, (HR B S)
PR PR BT LT
NP IAE LSRR R IAA Rt, AH/E BSRN 5 VapSR SR 45 #4457 2k 0 H

RN RBHRE FEH IS, HKH Set5. Setl4. B100. Urban100. Mangal09
TH5 PSNR 1E NP FaR . Holgrgh R angk 5-5 AL RCR i 5-16.
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R 5-5 SRBURE BILEER

Method R setb Setl4 B100 Urban100 Mangal09
=5 PSNR/SSIMM  PSNR/SSIM  PSNR/SSIM  PSNR/SSIM  PSNR/SSIM
BSRN 32.35/0.8966 ~ 28.73/0.7847 27.65/0.7387 26.27/0.7908 30.84/0.9123
VapSR y 32.38/0.8978  28.77/0.7852 27.68/0.7398 26.35/0.7941 -I-
BSRN-N 32.40/0.8972  28.73/0.7845 27.66/0.7386 26.35/0.7928 30.87/0.9126
VapSR-N 32.43/0.8978  28.80/0.7858 27.69/0.7400 26.40/0.7956 30.96/0.9139

% 5-5 11 BSRN-N 5 VapSR-N 7} ARG R IS L. 5IRAH
AL, SRS 4R SRR A B 2 B PSNR 55 SSIM ¥9H #2571, 14n
7t Urban100 (4 4E F BSRN R H 4t 5 U125 /5 PSNR 427+ 0.08dB, VapSR [1)
PSNR #2£F} 0.05dB. #t— %L Urban100 %48 4 7 i img096 i bR FH 45 #4453 2k
JEUIZRI 25 SRR S 7 3 B i R AL e RCR L, ] 5-16.

= \\» =
L L LN

/\\> Y=

2= S
\\\\;}RN \\\\\\\@
UrbnlOO: img096 \\\\\\\/\ \\\\\\\/\

VapSR VapSR-N

5-16 ZERGRAL RN L
MK 5-16 FTUALHLR A AR SR RNgR 2 a, BB AL RCR A W] &
HIFETt o X — AR AR T AT SEH A A A3 2k RO DU, REWS B R T I 2 R B,
fE R RAT ELF IS KL, SEIL L R AR A B

5.5 REN

ATPE 7R S BT R B PR R Rk, B,
R HFAF Transform ZERKEH 73 fif Oy 4 SRR 52 ELAEIE 46 2 1A B, I Ly
T8 A4k CNN 4249, J@Id 5]\ Transform 3R R 1 2 H—14k, H#F—BFa2 CNN
BRI, RIS AR 23— A AL B 2%, $R 38 fe & i A B TR
BRI . FLRER S R, it B 78 TR 1 ST Iz P B (1 Ry I T
L, SEGZAMEEML, AARMER A ERNSHEE SR ERE. 2
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H RS A R MRFAEAS B, HEBEE T AN R R B R LU 43 9% 8

FEIERE, BRI KGR Bt 7 M R 2 eI . e, R 450

5K BRI B 24 SRR 0 i e 0 A SR v () R A R0 T R R S e R AR A L
SETH S IR 2y 7 R M B L AR EAERA IR i R R (S S AR R
Frillgrse it 5HyE VapSR 2 51521 VapSR-N 7£ Urban100 #i#E4E = PSNR 5

SSIM $2 71 0.05dB 1 0.0015 . /£ _F RAFAEHCN 4 I, A T HRE TS HE 5L BSRN
ML, SHEMITEERESH T 32K 5 1.5G, F£HAFEAENREEE L
PSNR 5 SSIM #FFIHIME 5514 0.076dB A1 0.0015. A2 i () H3%k 504
¥ et S A L AR N I 280 51 R BE S T B R K 4 7 2 L g T e,

1117 HL A 5 50025 R S v K A2 i 20 o R, R G % A ) SR PR R i 2R
T IA 1St
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FoEm REERE

6.1 TiERLE

AR SR G o e B A — R 1), B T R R A G o R
HERE TAFEEE, AR A CNN 5 Transform W28 g &AL M 4%
AN R N LIS Be ST SE A0 i) Bk e 5 SRy v E B 02 0% B 2 TR) P4 o AR ST BT
FTAEBLEW T

(1) PRAIERSS 1 EBUGE e @ SR R, IR a1 A SR ER FE A,
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(2) R T ETE T LR EGE FR B EE, Wt TikES
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PifE S, MRS B UG SR R 2 A Il f . RIS, s P R T 4% 2 A
REZLAFERT), P Transform MiHHE AR, {£4F Transform M45H AT
R R

(3) 42 T HETEREM T2 B R G PR\, s
IR, S 2% RS B o [R)I AA pRdt UH 145 ARAE Y BOBUIR R IE S
Had R, RRAELE RS A (1 HE I AL B AR R T 2 N (R URK,
{5545 24 X R R /IN BB AT 8 7 1 A R BE R R 08 7 4 B S R T M1
S BRI T B I B R BRI R Ry, R 4
(RIRE > W R PERE, (RIS 1 SR 5 1B T & 70 Transform H1 [ BT 45
22 2% SRk D N 2% (R T SR IR BE o e A PR ZE R BT, IR BE R E R IE R AL
A5 753 191 4% A B TR PO AL L BT IR 485 (6 4 5 E R P

(4) BT RAEARM S a5k p G PR R, IRIHAE
TR IR E AR TR R (K T B R, SR S A TH SR, 3R T 4 0 K
PR BRI E B TRV RE T o BB R M 4 R a8 HAR KL AG R, 04T+
ROy PR RS, RIS 5N Transform W2 IH— A e &I k. 4504
12K bR EH T 2V R FEIUAC I 25, i D I 28 1 v 70 1 30 SR 1 R S 3 4 7y
B R K 1), 3 — DR 0 7 e S A O
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6.2 SETIERE

HARASCHUAS 7€ AT FUER , i A R @ Skt 7 A A
(RIPX 2 2540, ERAE S B 7 R L P IE AT 1 2 R U g i, £ FR L
NIV
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# ERERE T DL I3 i P S R IB AT R e T b EE Y

91



730 MR PN TR e VAT

B3 3R

[1] A. Krizhevsky, 1. Sutskever, and G. E. Hinton. ImageNet classification with deep
convolutional neural networks[J], Communications of the ACM, 2017(60): 84-90.

[2] Guo M, Lu C, Hou, Q, et al. SegNeXt: Rethinking convolutional attention design for
semantic segmentation[C]. In Proceedings of Conference and Workshop on Neural
Information Processing Systems, 2022: 1140-1156.

[3] Shermeyer J, Van Etten A. The effects of super-resolution on object detection
performance in satellite imagery[C], In Proceedings of Conference on Computer
Vision and Pattern Recognition Workshop, 2019: 0-10.

[4] Shi F, Cheng J, Wang L, et al. LRTV: MR image super-resolution with lowrank and
total variation regularizations[J]. IEEE Transactions on Medical Imaging, 2015,
34(12): 2459-2466.

[5] 7%, XA, F0ok, 55 Sa BRI CT B 2 Hr @M 2R [T]. B
it 5 B SR, 2018, 30(11): 2084-2092.

[6] Zhang Y, Li K, Li K, et al. MR image super-resolution with squeeze and excitation
reasoning attention network[C]. In Proceedings of Conference on Computer Vision
and Pattern Recognition, 2021: 13425-13434.

[7] Lei S, Shi Z, Zou Z. Super-resolution for remote sensing images via local-global
combined network[J]. IEEE Geoscience and Remote Sensing Letters, 2017, 14(8):
1243-1247.

[8] Lei S, Shi Z, Zou Z. Coupled adversarial training for remote sensing image super-
resolution[J]. IEEE Transactions on Geoscience and Remote Sensing, 2019, 58(5):
3633-3643.

[9] Zhou K, Xiao Y, Yang J, et al. Encoding structure-texture relation with P-Net for
anomaly detection in retinal images[C]. In Proceedings of European Conference on
Computer Vision, 2020: 360-377.

[10] Zavrtanik V, Kristan M, Sko“caj D. Draem-a discriminatively trained reconstruction
embedding for surface anomaly detection[C]. In Proceedings of International

Conference on Computer Vision, 2021: 8330- 8339.

92



3 BN YN 2R R L VAT

[11] Schluter H, Tan J, Hou B, et al. Natural synthetic anomalies for self-supervised
anomaly detection and localization[C]. In Proceedings of European Conference on
Computer Vision, 2022: 474-489.

[12] He K, Zhang X, Ren S, et al. Deep residual learning for image recognition[C]. In
Proceedings of Conference on Computer Vision and Pattern Recognition, 2016:
1132-1140.

[13] Huang G, Liu Z, Van Der Maaten L, et al. Densely connected convolutional
networks[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition, 2017: 230-242.

[14] Gupta D, Arya D, and Gavves E. Rotation equivariant siamese networks for
tracking[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition, 2021: 360-377.

[15] Yan B, Peng H, Wu K, et al. LightTrack: Finding lightweight neural networks for
object tracking via one-shot architecture search[C]. In Proceedings of Conference on
Computer Vision and Pattern Recognition, 2021: 454-469.

[16] Marriott R, Romdhani S, Chen L. A 3D GAN for improved large-pose facial
recognition[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition, 2021: 13445-13455.

[17] Fu C, Wu X, Hu Y, et al. DVG-Face: Dual variational generation for heterogeneous
face recognition[J]. IEEE Transactions on Pattern Analysis and Machine Intelligence,
2022, 21 (4): 2938-2952.

[18] Dong C, Loy C C, He K, et al. Learning a deep convolutional network for image
super-resolution[C]. In Proceedings of European Conference on Computer Vision,
2014: 184-199.

[19] Kim J, Lee J K, Lee K M. Accurate image super-resolution using very deep
convolutional networks[C]. In Proceedings of Conference on Computer Vision and
Pattern Recognition, 2016: 1646-1654.

[20] Shi W, Jose C, Ferenc H, et al. Real-time single image and video super-resolution
using an efficient sub-pixel convolutional neural network[C]. In Proceedings of

Conference on Computer Vision and Pattern Recognition, 2016: 1874-1883.

93



3 BN YN 2R R L VAT

[21] Lim B, Son S, Kim H, et al. Enhanced deep residual networks for single image super-
resolution[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition Workshop, 2017: 1132-1140.

[22] Zhang Y, Tian Y, Kong Y, et al. Residual dense network for image super-
resolution[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition, 2018: 2472-2481.

[23] Li Z, Yang J, Liu Z, et al. Feedback network for image super-resolution[C]. In
Proceedings of Conference on Computer Vision and Pattern Recognition, 2018:
3867-3876.

[24] Zhang Y, Li K, Li K, et al. Image super-resolution using very deep residual channel
attention networks[C]. In Proceedings of European Conference on Computer Vision,
2018: 1646-1654.

[25] Dai T, Cai J, Zhang Y, et al. Second-order attention network for single image super-
resolution[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition, 2019: 1132-1142.

[26] Zhang K, Zuo W, Zhang L. Learning a single convolutional super-resolution network
for multiple degradations[C]. In Proceedings of Conference on Computer Vision and
Pattern Recognition, 2017: 3262-3271.

[27] Zhang K, Gool L V, Timofte R. Deep unfolding network for image super-
resolution[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition, 2020: 3214-3223.

[28] Gu J, Lu H, Zuo W, et al. Blind super-resolution with iterative kernel correction[C].
In Proceedings of Conference on Computer Vision and Pattern Recognition, 2019:
1604-1613.

[29] Ji X, Yun C, Ying T, et al. Real-world super-resolution via kernel estimation and noise
injection[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition Workshop, 2020: 1914-1923.

[30] Yuan Y, Liu S, Zhang J, et al. Unsupervised image super-resolution using cycle-in-
cycle generative adversarial networks[C]. In Proceedings of Conference on

Computer Vision and Pattern Recognition Workshop 2018: 701-710.

94



3 BN YN 2R R L VAT

[31] Wang, L, Wang Y, Dong Xi, et al. Unsupervised degradation representation learning
for blind super-resolution[C]. In Proceedings of Conference on Computer Vision and
Pattern Recognition, 2021: 10581-10590.

[32] Wang X, Ma J and Jiang J. Contrastive learning for blind super-resolution via a
distortion-specific network[J]. In IEEE/CAA Journal of Automatica Sinica 2024,
10(1): 78-89

[33] Xie Q, Zhou M, Zhao Q, et al. Multispectral and hyperspectral image fusion by
MS/HS fusion net[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition, 2019: 1585-1594.

[34] Zheng K, Gao L, Liao W, et al. Coupled convolutional neural network with adaptive
response function learning for unsupervised hyperspectral super-resolution[J]. IEEE
Transactions on Geoscience and Remote Sensing, 2020, 59 (3): 2487-2502.

[35] Hou J, Zhu Z, Zeng H, et al. Deep posterior distribution-based embedding for
hyperspectral image super-resolution[J]. In IEEE Transactions on Image Processing.
2022, 31, pp. 5720-5732

[36] Zhang X, Song C, You T, et al. Dual ODE: Spatial-spectral neural ordinary
differential equations for hyperspectral image super-resolution[J]. In IEEE
Transactions on Geoscience and Remote Sensing. 2024, 62: 1-15,

[37] Jeon D S, Baek S-H, Choi I, et al. Enhancing the spatial resolution of stereo images
using a parallax prior[C]. In Proceedings of Conference on Computer Vision and
Pattern Recognition, 2018: 1721-1730.

[38] Dai Q, Li J, Yi Q, et al. Feedback network for mutually boosted stereo image super-
resolution and disparity estimation[C]. In Proceedings of the 29th ACM International
Conference on Multimedia, 2021: 1323-1345.

[39] Zhang S, Wei Y, Feng J, et al. Stereo image restoration via attention-guided
correspondence learning[J]. In IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2024, 1: 1-17.

[40] Fu Y, Chen J, Zhang T, et al. Residual scale attention network for arbitrary scale
image super-resolution[J]. Neurocomputing, 2021, 427: 201-211.

[41] Wang, L, Wang Y, Lin Z, et al. Learning a single network for scale-arbitrary super-

95



3 BN YN 2R R L VAT

resolution[C]. In Proceedings of International Conference on Computer Vision, 2021:
4781-4790.

[42] ChenY, Liu S, Wang X. Learning continuous image representation with local implicit
image function[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition, 2021: 8624-8634.

[43] Yu W, Li Z, Liu Q, et al. Scale-aware frequency attention network for super-
resolution[J]. Neurocomputing, 2023, 554: 126584-126601

[44] Dong C, Chen C, Tang X. Accelerating the super-resolution convolutional neural
network[C]. In Proceedings of European Conference on Computer Vision, 2016:
391-407.

[45] Hui Z, Wang X, Gao X. Fast and accurate single image super-resolution via
information distillation network[C]. In Proceedings of Conference on Computer
Vision and Pattern Recognition, 2018: 723-731.

[46] Hui Z, Gao X, Yang Y, et al. Lightweight image super-resolution with information
multi-distillation network[C]. In Proceedings of the 27th ACM International
Conference on Multimedia, 2019: 2024-2032.

[47] Liu J, Tang J, Wu G. Residual feature distillation network for lightweight image
super-resolution[C]. In Proceedings of European Conference on Computer Vision,
2020: 41-55.

[48] Luo X, Xie Y, Zhang Y, et al. LatticeNet: Towards lightweight image super-resolution
with lattice block[C]. In Proceedings of European Conference on Computer Vision,
2020: 272-289.

[49] Kim J, Lee J K, Lee K M. Deeply-recursive convolutional network for image super-
resolution[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition, 2016: 1637-1645.

[50] Tai Y, Yang J, Liu X. Image super-resolution via deep recursive residual network[C].
In Proceedings of Conference on Computer Vision and Pattern Recognition, 2017:
2790-2798.

[51] Chu X, Zhang B, Ma H, et al. Fast, accurate and lightweight super-resolution with

neural architecture search[C]. In Proceedings of International Conference on Pattern

96



3 BN YN 2R R L VAT

Recognition, 2020: 59-64.

[52] Zhan Z, Gong Y, Zhao P, et al. Achieving on-mobile real-time super-resolution with
neural architecture and pruning search[C]. In Proceedings of International
Conference on Computer Vision, 2021: 4821-4831.

[53] Lee W, Lee J, Kim D, et al. Learning with privileged information for efficient image
super-resolution[C]. In Proceedings of European Conference on Computer Vision,
2020: 465-482.

[54] Wang Y, Lin S, Qu Y, et al. Towards compact single image super-resolution via
contrastive self-distillation[C]. In Proceedings of the Thirtieth International Joint
Conference on Artificial Intelligence, 2021: 1122-1128.

[55] Zhang, X, Hui Z, Li Z. Edge-oriented convolution block for real-time super
resolution on mobile devices[C]. In Proceedings of the 29th ACM International
Conference on Multimedia, 2021: 4034-4043.

[56] Wang X, Dong C, Shan Y. RepSR: Training efficient VGG-style super-resolution
networks with structural re-parameterization and batch normalization[C]. In
Proceedings of the 30th ACM International Conference on Multimedia, 2022: 2556-
2564.

[57] Li Z, Liu Y, Chen X, et al. Blueprint separable residual network for efficient image
super-resolution[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition Workshop, 2022: 833-843.

[58] Liu J, Zhang W, Tang Y, et al. Residual feature aggregation network for image super-
resolution[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition, 2020: 2356-2365.

[59] Park K, Soh J W, Cho N 1. A dynamic residual self-attention network for lightweight
single image super-resolution[J]. In IEEE Transactions on Multimedia, 2023, 25:
907-918.

[60] Gao D and Zhou D. A very lightweight and efficient image super-resolution
network[J]. In Expert Systems with Applications Appl, 2022, 213: 298-309.

[61] Zhao H, Kong X, He J, et al. Efficient image super-resolution using pixel attention[C].

In Proceedings of the European Conference on Computer Vision Workshop, 2020:

97



3 BN YN 2R R L VAT

56-72.

[62] Zou W, Ye T, Zheng W, et al. Self-calibrated efficient transformer for lightweight
super-resolution[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition Workshop, 2022: 929-938.

[63] Du Z, Liu D, Liu J, et al. Fast and memory-efficient network towards efficient image
super-resolution[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition Workshop, 2022: 852-861.

[64] Liu D, Wang X, Han R, et al. CTE-Net: Contextual texture enhancement network for
image super-resolution[J]. In IEEE Transactions on Multimedia, 2024, 1: 1-14.

[65] Dosovitskiy A, Beyer L, Kolesnikov A, et al. An image is worth 16x16 words:
transformers for image recognition at scale[C]. In Proceedings of International
Conference on Learning Representations, 2021: 210-231.

[66] Liu Z, Lin Y, Cao Y, et al. Swin transformer: hierarchical vision transformer using
shifted windows[C]. In Proceedings of International Conference on Computer Vision,
2021: 9992-10002.

[67] Chen H, Yunhe Wang Y, Tianyu Guo T, et al. Pre-trained image processing
transformer[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition, 2021: 12294-12305.

[68] Gao G, Wang Z, Li J, et al. Lightweight bimodal network for single-image super-
resolution via symmetric CNN and recursive Transformer[C]. In Proceedings of
International Joint Conferences on Artificial Intelligence, 2022: 913-919.

[69] Lu Z, Li J, Liu H, et al. Transformer for single image super-resolution[C]. In
Proceedings of Conference on Computer Vision and Pattern Recognition Workshop,
2022: 456-465.

[70] Liang J, Cao J, Sun G, et al. SwinIR: image restoration using swin Transformer[C].
In Proceedings of International Conference on Computer Vision Workshop, 2021:
1833-1844.

[71] Choi H, Lee J, Yang J. N-Gram in swin Transformers for efficient lightweight image
super-resolution[C]. In Proceedings of Conference on Computer Vision and Pattern

Recognition, 2023: 2071-2081.

98



730 MR PN TR e VAT

[72] Wang H, Chen X, Ni B, et al. Omni aggregation networks for lightweight image
super-resolution[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition, 2023: 22378-22387.

[73] Zheng L, Zhu J, Shi J, et al. Efficient mixed Transformer for single image super-
resolution[J]. Engineering Applications of Artificial Intelligence, 2024, 133: 108035-
108045.

[74] Schoenberg 1. Cardinal interpolation and spline functions[J]. Journal of
Approximation Theory, 1969, 2(2): 167-206.

[75] Olivier R, Hangiang C. Nearest neighbor value interpolation[J]. International Journal
of Advanced Computer Science & Application, 2012, 3(4):25-30.

[76] Hou H, Andrews H. Cubic splines for image interpolation and digital filtering[J].
IEEE Transactions on Acoustics, Speech, and Signal Processing, 1978, 26(6): 508-
517.

[77] B BERE, BoRTe, BE9h, & ohibR Bl Rk B R R o Fe A4 (B 0]
THHEML2AR, 2015, 38(6): 1131-1139.

[78] Nguyen N, Milanfar P, Golub G. A computationally efficient super-resolution image
reconstruction algorithm[J]. IEEE Transactions on Image Processing, 2001, 10(4):
573-583

[79] Liu C, Sun D. On bayesian adaptive video super-resolution[J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 2014, 36(2): 346-360.

[80] Kim K I, Kwon Y. Single image super-resolution using sparse regression and natural
image prior[J]. IEEE Transactions on Pattern Analysis and Machine Intelligence,
2010, 32(6): 1127-1133.

[81] Zhang L, Wu X. An edge-guided image interpolation algorithm via directional
filtering and data fusion[J]. IEEE Transactions on Image Processing, 2006, 15(8):
2226- 2238.

[82] Chollet F. Xception: Deep learning with depth-wise separable convolutions[C]. In
Proceedings of Conference on Computer Vision and Pattern Recognition, 2017:
1800-1807.

[83] Haase D, Amthor M. Rethinking depth-wise separable convolutions: how intra-

99



3 BN YN 2R R L VAT

kernel correlations lead to improved MobileNets [C]. In Proceedings of Conference
on Computer Vision and Pattern Recognition, 2020: 14600-14609.

[84] Cao J, Li Y, Sun M. DO-Conv: Depth-wise over-parameterized convolutional
layer[J]. IEEE Transactions on Image Processing, 2022, 31: 3726-3736.

[85] Dai J, Qi H, Xiong Y, et al. Deformable convolutional networks[C]. In Proceedings
of International Conference on Computer Vision, 2017: 764-773.

[86] Qi Y, He Y, Qi X, et al. Dynamic snake convolution based on topological geometric
constraints for tubular structure segmentation[C]. In Proceedings of International
Conference on Computer Vision, 2023: 6047-6056.

[87] Nair V, Geoffrey E. Rectified linear units improve restricted Boltzmann machines[C].
In Proceedings of International Conference on Machine Learning, 2010: 643-669.

[88] He K, Zhang X, Ren S et al. Delving deep into rectifiers: surpassing human-level
performance on ImageNet classification[C]. In Proceedings of International
Conference on Computer Vision, 2015: 1026-1034

[89] Han J, Moraga C. The influence of the sigmoid function parameters on the speed of
backpropagation learning[J]. From Natural to Artificial Neural Computation, 1995,
930: 195-201.

[90] Marra S, Iachino M, Morabito F. Tanh-like activation function implementation for
high-performance digital neural systems[C]. In 2006 Ph.D. Research in
Microelectronics and Electronics, 2006: 237-240.

[91] Vaswani A, Shazeer N, Parmar N, et al. Attention is all you need[C]. In Proceedings
of Conference and Workshop on Neural Information Processing Systems, 2017:
6000-6010.

[92] Bevilacqua M, Roumy A, Guillemot C, et al. Low-complexity single image super-
resolution based on nonnegative neighbor embedding[C]. In Proceedings of British
Machine Vision Conference, 2012: 1-10.

[93] Zeyde R, Elad M, Protter M. On single image scale-up using sparse-
representations[C]. In International Conference on Curves and Surfaces, 2010: 711-
730

[94] Martin D, Fowlkes C, Tal D, et al. A database of human segmented natural images

100



3 BN YN 2R R L VAT

and its application to evaluating segmentation algorithms and measuring ecological
statistics[C]. In Proceedings of International Conference on Computer Vision, 2001,
2:416-423.

[95] Huang J, Singh A, Ahuja N. Single image super-resolution from transformed self-
exemplars[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition, 2015: 5197-5206.

[96] Matsui Y, Ito K, Aramaki Y, et al. Sketch-based manga retrieval using mangal09
dataset[J]. Multimedia Tools and Applications, 2017, 76 (20): 21811-21838.

[97] Agustsson E, Timofte R. NTIRE 2017 challenge on single image super-resolution:
dataset and study[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition Workshop, 2017: 1122-113

[98] Timofte R, Agustsson E, Gool L V, et al. NTIRE 2017 challenge on single image
super-resolution: methods and results[C]. In Proceedings of Conference on Computer
Vision and Pattern Recognition Workshop, 2017: 1110-1121.

[99] Gu S, Lugmayr A, Danelljan M et al. DIV8K: DIVerse 8K resolution image
dataset[C]. In Proceedings of International Conference on Computer Vision
Workshop, 2019: 3512-3516.

[100] Li Y, Zhang K, Liang J, et al. LSDIR: a large scale dataset for image restoration[C].
In Proceedings of Conference on Computer Vision and Pattern Recognition
Workshop 2023: 1775-1787.

[101] Deng J, Dong W, Socher R, et al. ImageNet: a large-scale hierarchical image
database[C]. In Proceedings of Conference on Computer Vision and Pattern
Recognition, 2009: 248-255.

[102] Liu Z, Mao H, Wu C, et al. A ConvNet for the 2020s[C]. In Proceedings of
Conference on Computer Vision and Pattern Recognition, 2022: 11966-11976.

[103] Liu Z, Lin Y, Cao Y, et al. Swin transformer: hierarchical vision transformer using
shifted windows[C]. In Proceedings of International Conference on Computer
Vision, 2021: 9992-10002.

[104] Ahn N, Kang B, Soh K A. Fast, Accurate, and lightweight super-resolution with

cascading residual network[C]. In Proceedings of European Conference on

101



3 BN YN 2R R L VAT

Computer Vision, 2018: 256-272.

[105] Sun L, Pan J, and Tang J. Shufflemixer: an efficient convnet for image super-
resolution[C]. In Proceedings of Conference and Workshop on Neural Information
Processing Systems, 2022: 17314-17326.

[106] Kingma D P, Ba J. Adam: a method for stochastic optimization[C]. In Proceedings
of International Conference on Learning Representations, 2015: 14-28.

[107] Ding X, Zhang X, Han J, et al. Scaling up your kernels to 31x31: revisiting large
kernel design in CNNs[C]. In Proceedings of Conference on Computer Vision and
Pattern Recognition, 2022: 11953-11965.

[108] Zhou L, Cai H, Gu J, et al. Efficient image super-resolution using vast-receptive-
field attention[C]. In Proceedings of the European Conference on Computer Vision

Workshop, 2022: 256-272.

102



730 MR PN TR e VAT

Hi

YRR, =M A AT R I R RS o SR EEL I TR b, BRI
Ty ORI TR I 2 i IEMZ AN R SR R . EIX B SR G L, RG] T
VP2 NGO SCRERIE B, ERAEFAE B EAWTHTT

B, REROKBIR I ERBE B . AL AR B4 T 7 B0
18T, BENAER LA T TRESIE. ™ERE AR IRERFARE
EFIEA I 2B o, LR FRIRSZ R . MR O ORI 018 S, LEIRTE AR
FohbE TR E M, BE T A RIIRS

TR A S = A ] FRAT— R B T B S IDG, HFEER T A
R, Ay AR S . AR RIS T BRI AL R, LR BRI B T AR ST E A
W . ATE—RAMA . B0, @ TIRIEMAGH, KBE Pk Kiz BERME
2.

BEAh, FRIE B RN M SRR o ATl — BRI IR IR 5 G, TEFRIEH
PR S AN AT B &5 T TR R (R AN S RF o AT BRI 0 25, 1R TRARYS L0 Bk
HESR B OB . KA EMCHERRATEND) /), MR BRI RS,

B Ji, R RN 5 B SR AR 1) R IR R B o B SR (AR el BR
Wi FE R IR SR Y, R SR SR T R %
BEMEE AT, IR LAWK AL .

[l % =4 Bt SO AR ARG, FRIBGR TR 2 5 St A I AN . R T A #5 B
TR, ARAT SRR 32 AW T B3 7). EARRMH 7 5, FooRk gkt
503, AWER S, S E A )

(=2
2024 45 H 26 H

103



730 MR PN TR e VAT

BOEF A SR FARBR B SR

1 ERFARILIFR

[1] Fengsui Wang, Xi Chu, HorSR: High-Order Spatial Interactions and Residual
Global Filter for Efficient Image Super-Resolution[J]. Signal Processing: Image
Communication, 2024, https://doi.org/10.1016/j.image.2024.117148

[2] fidihgg, £ B 5 T80 7 R ARG RUR & 1 BB 7 Hr s L d U5 7% [J/OL). HJK
Tow K2 224l (3 A B 22 IR),1-11[2024-05-22] http://kns.cnki.net/kems/detail
/50.1155N.20240411.0851.002.html.

2 E5RMIBER

(1) A B8R 4:(2108085MF197)
(2) LZRRAE 2B ARRH i FL S 0 H (KJ2019A0162)
(3) R TAERZEZK B AR R T H (Xjky2022040)

104



