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Lightweight single image super resolution based on high-frequency
information modulation

JIANG He, GU Hao, ZHENG Zhou, YI Fu-di, WANG Zi-giang, CHENG De-qgiang'

(School of Information and Control Engineering, China University of Mining and Technology, Xuzhou 221116,
China)

Abstract: In the field of single image super resolution, the accuracy of high-frequency information and the clarity of
the reconstructed images are closely linked. Current mainstream models rely on dense connections or module stacking
to extract high-frequency information, optimizing image reconstruction through mechanisms like spatial domain
attention. While effective, these methods often lead to redundancy in high-frequency information and a subsequent
degradation in accuracy. To address this issue, this study proposes an image super resolution network that modulates
high-frequency information. The network integrates self modulation and mutual modulation strategies to enhance the
image reconstruction process. Specifically, the self modulation module combines a multi-scale sampling network with a
high-frequency guided spatial attention mechanism, which effectively filters out redundant information while
simultaneously calibrating data in both spatial and frequency domains. The mutual modulation module further refines
the accuracy of high-frequency information by establishing a nonlinear relationship between the self modulated outputs.
Through extensive experimental validation, it is demonstrated that the proposed model has superior performance in
terms of quantization metrics and maintains parameter efficiency compared to current popular models. It also delivers
outstanding visual results, fully showcasing its advantages in single image super resolution reconstruction.

Keywords: super resolution; lightweight; high-frequency information modulation; self modulation; mutual

modulation; frequency-domain attention mechanism
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HAFRN™! 505 TCE'24 34.45/0.9276 30.40/0.8433 29.12/0.8058 28.16/0.8528
LBRN™ 339 ESWA"24 34.43/0.9276 30.39/0.8429 29.13/0.8059 28.29/0.8545
Ours 780 — 34.58/0.9288 30.52/0.8461 29.19/0.8073 28.54/0.8588
IMDN" 715 ACM MM'19 32.21/0.8948 28.58/0.7811 27.56/0.7353 26.04/0.783 8
FMEN" 769 CVPR'22 32.24/0.8955 28.70/0.7839 27.63/0.7379 26.28/0.7908
ShuffleMixer™” 411 NeurIPS'22 32.21/0.8953 28.66/0.7827 27.61/0.7366 26.08/0.7835
LatticeNet"™" 777 TPAMI'23 32.18/0.8943 28.61/0.7812 27.57/0.7355 26.14/0.784 4
DRSAN™ 747 TMM'23 32.30/0.8954 28.66/0.783 8 27.61/0.738 1 26.26/0.7920
x4 DLSR™ 338 TCSVTR23 32.33/0.8963 28.68/0.7832 27.61/0.7374 26.19/0.7892
DDistill-SR™" 675 TMM'23 32.29/0.896 1 28.69/0.7833 27.65/0.738 5 26.25/0.7893
MICU™ — ESWA"24 32.21/0.8945 28.65/0.7820 27.57/0.7359 26.15/0.7872
HAFRN™! 517 TCE'24 32.24/0.8953 28.60/0.7816 27.58/0.736 5 26.02/0.7849
LBRN™ 345 ESWA'24 32.33/0.8964 28.62/0.7826 27.60/0.7377 26.17/0.7882
Ours 745 — 32.47/0.898 3 28.77/0.7854 27.67/0.7395 26.45/0.7952

VR AR, - RRERZ ISR
T2 AMREZESSLE Transformer EAIEFRATEL

JiE4 KSR ZHE/K PSNR/SSIM
X2 731 38.05/0.9607

LBNet™” x3 736 34.47/0.9277
x4 742 32.29/0.8960

X2 998 38.05/0.9610

NGSwin"" x3 1007 34.52/0.9282
x4 1019 32.33/0.8963

X2 628 38.14/0.9611

TCSR-B*" x3 589 34.56/0.928 5
x4 682 32.43/0.8977

X2 685 38.15/0.9609

Ours x3 780 34.58/0.9288
x4 745 32.47/0.8983

A R AL

15, 1T HARE B A7 A B 5 (1) 28 2% HH th FIBR ) 251, 41
R TE
3.3 JERhsEL
3.3.1 EHUE R B KRB BT

AW TR I EAUE B B SRR, b T H
B B EEEE A EEN FITRE R, N T HEIEX
— WA, W SIS S R AR (0 B, R R v
%= IMDN'"", Transformer &% NGSwin'*" DL J A&
AF 50 5500 P B LR I R AT A nT Ak, a3
Frs.

E ARSI A PL Urban100 04 45+ img093
BAFEAR, BEALRFE— BB B, SRR N AE
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Shueixer LatticeNet
29.17/0.941 5 29.62/0.984 3
U004
DRSAN LBNet NGSwin Ours
29.85/0.989 0 29.45/0.980 0 29.17/0.941 2 30.64/0.995 3
(a) REFIELEImg004 K H Urban100) - AL R X EL
HR IMDN ShuffleMixer LatticeNet
PSNR/SSIM 29.15/0.999 0 29.42/0.998 2 29.34/0.999 2
U059
DRSAN LBNet NGSwin Ours
29.17/0.999 2 29.57/0.999 0 28.82/0.998 6 30.10/0.999 6
(b) REFIFEAE Img059 (K H Urban100) b (415 2 5t Eb
HR IMDN ShuffleMixer LatticeNet
PSNR/SSIM 28.92/0.984 9 28.76/0.973 0 28.76/0.977 7
U078 - - - -
DRSAN LBNet NGSwin Ours
28.84/0.980 2 28.67/0.969 4 28.69/0.963 7 29.31/0.993 2
(¢) A[FISEAEImg078 (G H Urban100) b AL R XT HL
B2 #EMNRET 4 (SHA TR
100 100 100 100
I i A 0.8723 I AL 0.9040 I L 0.9651
80 80 80
N 60 N 60 60
) E 40 E o4
20 20 20
O L 0 0 0 T
0 100 200 0 100 200 0 100 200 0 100 200
(a) HsLEB (b) IMDN 5iigs i (¢) NGSwin %45 (d) ASCHEL

E3 3 MEES

B FEE 7 B A5 R 1 = URE AL T, R v MR AL 1 3t
A7 0 B AR 4, 45 B ATUSCRF AL 1. XA A2 6, R %
PR 53 A% BIPE vt B XHE AT B R, 221
H A SR ) T8 R AR L5 L R AR SR AR ABL
THEL 3, T B ] R0 A UL

FEIE 3 o, BRI 100 I, LG R
BIURFALE AL 5 R A5 S AR LA PR DRI, R 20 B, IR
(AR B 24400 ] i A3 425 2 900 26 . 4R T, IMDN'! il
NGSwin"™ S5 45 S v R AZ AR BAZAE K AN 24
AR B, RR AR, IXEAE B R TURI. AHEFHR 1

ElRESIRE S E

V5G| T R AR DA SE N dE R (1) 07 AR R, A
B T8 B0, Mhom 7 H A RS RE. Rtk, pr
I BB AE SO T I, 45 N DA E 9R B o Jk
52, I FLAE S AR LU J7 1 e ) NGSwin!™ 5534
6.76%, K H AT 7K
332 ZRERBEMSKERIEN T

N T BAE AT 2 R R AR R I G Rk, A
T TN 22 ROBE SR X 28 i N (P R AE AR 9 B e i N,
KAER 2 2+ 44 8 140 S Hh B i SRR AIE 1 9l 2
NN 2 A5 45N 8 I EAE S A T Bt R AL
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ZE 5, W FIRFHE IR B R AT IR, MR R EN4
SHEMRELE 0 ~ 5 JulE P, WM R R AL 45
R 4 B, BEA KRR T 190, 45 200 m s 5
555006 = o0 HE e BUR AR 3R s AR AL, %o (115 5
15550 5 Bl e il 225k R ) s A )RR A
ARG 25 s LB 42.52%, BH S /3 T R U i N A AE
1) 12.92%. 31X & B AHIF Fo 4 H 1) v 430 B R i) A mp
B E ST m RS B IR T, R 43 PR 1 1 R
H HETTHR.

12

50%

130% MO

125% 41

HIMEER %10’

120%

115%

0 10%
B o s s RO
Mg 2 Ml s

El4 $HEESMER

3.3.3 HGSA BRESHT

oL san s S = R N S I ME = WA I TR S
PR, AR BETE 3 Fl X 28 A5 B 3R AT EL L. e AT 43 il
VA A I 7 /70 2% None, 1 1 %5 18] 4 50 VE &%
71 ESA WM 2%, LA RAE R T 5] 5 1) 23 1A E = 7
HGSA W28 . AW FoAE 48 R O 4 (1) B e £ s 4R
AT

SIS EE IR WSR3 Frow, 7% [ B 58T = /1 ESA 1R
RTINS PERE T TR R T L ERITER. 78 4 AN AEEL
PE4E Set5. Set14. B100 A1 Urban100 _I, #1%¢F None,
i T ESA, AfLA# PSNR 43l 0.04 dB. 0.02 dB.
0.02 dB #10.05 dB, SSIM {E 437145 0.000 3+ 0.000 4+

R3 3 MRKLE 4 MEERIRE TRIIEIRTEL

0.000 5 #10.001 8. [FIFER, 5 ESA AHEL, HGSA fEiX 4
AN ERER R A B EAIRAR R IR, BRI A
FHE T ESA, PSNR 43 7 #& 7+ 1 0.08 dB. 0.09 dB.
0.04 dB #10.06 dB, [Fi SSIM {EH/3 78K T 0.001 04
0.001 6. 0.001 1 F10.002 5. IX— LA+ ESA FEE
FETAEEE, 22 T U8 E B E M M
T, AT H ) HGSA AMUEALTHE B, IR
RF NS 7y HE HAT 55 22 R B IR B, 7R kh 1
ESA A&, SEBL T R LT SRR T &
it 300 B UIZRIE, 3 Bl 2 PR BE i 28 0T B L, BT
DLBH 2 E H, 75 K2 100 5 2 80E ¥ 5, HGSA 5
ESA Z B Re 2 FEZ Rk, H HGSA 1 Refa
EMARFFTE ESA 2 I, #E—3BI0AE T HGSA ML
PE.

32.0
31.5
@ 31.0
a4
Z 305
(=™
30.0
29,51~ : . -
0 100 200 300
JEACE I
&5 3 FhRILK7E Sets HiREE FAv M REphsk:
3.3.4 EHUE BEIARIKAERES T

NI FE MM B 0o AR A S
REffIsZmn, BE 3 X LU SEse, FEAELE R 72 4 B
HEATIRAE. MM AERAN A An, 20500 54 64 7, A
AR E A 48, TR 16 MILIK, 1T 300 &
WI&r, MR 45 Rk 4 Fior.

Mnly S B, B S E R A/, R BE AR AR A
fiK. 24 MM ARERECE A 5 B 6 I, FESCHER; B &
%1 Urban100 %44 I, PSNR 1 SSIM 43 71 34 Jin
7 0.21 dB #10.006 0, HAEPEREAHASET. ML S

Sets™ Set14™ BI00™  Urban100™ e NI .
Ly — ° oo HOEAIETK T 150 K, 20 95 AERIR 1K 16.3%; 15
PSNR/SSIM _ PSNR/SSIM _ PSNR/SSIM _ PSNR/SSIM g SR
=N 3 Ve e p o N
None  31.72/0.8885 2824/0.7726  27.32/0.7274  25.33/0.7590 ROUEIN T 9.54 G, 2 RAEBALY 12.5%. 24 MM
ESA  31.76/0.8888 28.26/0.7730 27.34/0.7279 25.38/0.7608 P 6 BEmE] 7 i), B SHEE M T 150 K, 1
HGSA  31.84/0.8898 28.350.7746 27.38/0.7290 25.44/0.7633 BT 9.54 G, i PSNR HIFME T 0.40 dB, SSIM
VAR AR — N N%
FEAIK T 0.0117, HEREFRARIHE T F%. WTRLE 1, 24 MM
F4 SEEELARERYENEREMENSIG
o Sets™ Set14" B100™ Urban100
n ZH /K FLOPs/G
PSNR/SSIM PSNR/SSIM PSNR/SSIM PSNR/SSIM
5 920 76.30 32.21/0.8948 28.56/0.7798 27.55/0.7344 25.93/0.7794
6 1070 85.84 32.33/0.8961 28.62/0.7815 27.60/0.7361 26.14/0.7854
7 1220 9538 32.05/0.8938 28.44/0.7780 27.47/0.7334 25.74/0.7737
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BRI 6 AN, BT T St I vERE, [
IHAAE A BN S E A R R, AT
LI MM BHUIE N 6 MBI,
3.3.5 EHUE R BIRRRE T A B S
AT T H I R AR . B R ) FR 7 vk ad i 1R
JZ 0 BT AT S A AR, A R RS S A
R HIAE R A T SR S RS 2 LA 6] 7 2 Reuse
mod A XM, 4 H 4 7] 5 B 2 3% # Reuse_none,
8% i%E$2 Reuse dense FBk K%z Reuse skip #H4T
X, 3% 3 B2 43t 300 #1145, FFTE Set14 ¥
£ BT T 450R R 4 1.

S B T, I O ) R A7 AN [
S ) R B 00 Fr, RE AT B A B R B 4 A Bk
%z, Reuse_mod 2% HIEN T 7K, FLOPs if
RGN, ATt RE A A T R TR T, Reuse
mod #f tt T Reuse_skip, PSNR Fl1 SSIM 43l & 7+ T
0.07 dB F11 0.001 2; Reuse_mod #H k. T Reuse dense,
PSNR 1 SSIM 737427+ 1 0.06 dB £10.001 0. AHXF
Reuse none, Reuse mod ] X 4% 14 fE 56 £, PSNR Fll
SSIM 43427+ 0.11 dB A1 0.002 6, & W 7E M £ 1)1l 25
T A o I g AN R B U S TR G R
AP v B g PR o P R

®S FHHEERABERE. FHEEREBISMES R

A 4 ZHE/K FLOPs/G REE FL A 1 RIS Bk 44 s T PSNR/dB SSIM
Reuse_none 328 29.12 X X X X 28.24 0.7720
Reuse_dense 370 31.00 X v v v 28.29 0.7736
Reuse skip 370 31.00 x v v X 28.28 0.7734
Reuse_mod 377 31.00 v v X X 28.35 0.7746
A R AR,

3.3.6  HIEERSHMERL A AR RS T 2) {8 F S BURFIE R & 11 48 OS_Net;

Rt SRR AL R A B R A5 B R HURE T
BB E R E DR AL NIRRT AR & A
ROk, HBEAT LAR R SR 4

1) A ¥t AORFAE il 5 B 2% TS Net

3) T AN 2% L_Net.

3 Rk M 4k S5 H a0 B 6 BT, K 3 R R 4 BEAT
300 A& IZK, FFH 3 MG 5~ 4 HIbRHERL
s Lt AT, 520/ PSNR HWIFR 6 P,

N
=
N\
N 1x145#
© =
AN Sigmoid
—D
(a) TS Net (b) OS_Net (¢) L Net
El6 3 FFHER S HIMELEH
6 N ERE BRI S T
Jiid ZHE/K Sets"! Set14" B100" Urban100%!
TS_Net 377 31.84 28.35 27.38 25.44
OS_Net 377 31.81(-0.03 dB) 28.34(-0.01 dB) 27.36(-0.02 dB) 25.41(-0.03 dB)
L_Net 377 31.77(-0.07 dB) 28.29(-0.06 dB) 27.29(-0.09 dB) 25.39(-0.05 dB)

MEZ 6 T I, 3 R 2% 1) S B A R SR 1T,
FHERL G 75, 5 8 p BORZ & A L, 2%
(') PSNR H 3543 2] T 12 7. #R Al EMEE L, 75
B100 454 I, AT 2o L&, W ik AURR AR il &
W4 ) PSNR {325 1 0.09 dB. ASHF 72472 H 1 v 4
5 S VR AR R i SRR A U 2507 K

IR G AR R R R AEAS 2., (675 0 4 7 b
AT AU B BB B 0 s A B UG R AE
337 ABERERER T

A FUARE H R S 5 T I 2 S B R
AV AR S B AR A .

T(a) NEIIER, BIF,, = F,.; 8 7(b) N
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