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Lightweight Image Super-resolution Reconstruction Based on Hybrid Generalization
Transformer

LIU Jun-Chen, ZHANG Wen-Bo, YANG Da-Wei \
(School of Information Science and Engineering, Shenyang Ligong University, Shenyang 110159,/China) _

Abstract: Transformer method, relying on a self-attention mechanism, exhibits:! remarkable performance in the field of
image super-resolution reconstruction. Nevertheless, the self-attention mechanism also brings about a very high
computational cost. To address this issue, a lightweight image super-resolution reconstruction model based on a hybrid
generalized Transformer is proposed. This model is built based on the SwinIR network architecture. Firstly, the
rectangular window self-attention (RWSA) mechanism is adopted. It utilizes horizontal and vertical rectangular windows
with different heads to replace the traditional square window pattern, integrating features across different windows.
Secondly, the recursive geﬁeralized self-attention (RGSA) mechanism is introduced to recursively aggregate input
features into representative feature maps, followed by the application of cross-attention to extract global information.
Meanwhile, RWSA and RGSA are alternately combined to make more effective use of global context information.
Finally, to activate more pixels for better recovery, the channel attention mechanism and self-attention mechanism are
used in parallel to extract features from the input image. Test results of five benchmark datasets show that this model
achieves better reconstruction performance while keeping the model parameters lightweight.

Key words: super-resolution reconstruction; lightweight; channel attention; rectangular window self-attention; recursive
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light. W5 1 fros, sefEgs S CUNDH R b5 B, IR 45
RIMLL T RIZ R,

KZHNEN IS T Sk pe R . JCH TR
KEFAx3 fixa i, 5 4 FEHEM R EHE 4 L PSNR

M T AR DL R Y, AT 52 A 5 kA

%1 A[EJTVER PSNR A1 SSIM 5t

A1 SSIM FRFREIIEF T e fE KT

. : . - Set5 Setl4 B100 Urban100 Mangal09
KPS ik B PSNR (dB)/SSIM  PSNR (dB)/SSIM  PSNR (dB)/SSIM  PSNR (dB)/SSIM  PSNR (dB)/SSIM

EDSR-baseline 1370k 37.99/0.9604 33.57/0.9175 32.16/0.899 4 31.98/0.9272 38.54/0.9769
CARN 1592k 37.76/0.9590 33.52/0.9166 32.09/0.8978 31.92/0.9256 38.36/0.9765
IMDN 692k 38.00/0.960 5 33.63/0.9177 32.19/0.8996 32.17/0.9283 38.88/0.9774

LatticeNet 756k 38.06/0.9607 33.70/0.9187 32.20/0.8999 32.25/0.9288 —
x2 LAPAR-A 548k 38.01/0.9605 33.62/0.9183 32.19/0.8999 32.10/0.9283 38.67/0.9772
ESRT 677k 38.03/0.9600 33.75/0.9184 32.25/0.900 1 32.58/0.9318" 39.12/0.9774
ELAN-light 582k 38.17/0.961 1 33.94/0.9207 32.30/0.901L2 32.76/0:9340 39.11/0.9782
SwinIR-light 878k 38.14/0.961 1 33.86/0.920 6 32.31/0.9012 32.76/0.9340 39.12/0.978 3
ARICE 822k 38.21/0.9613 33.91/0.9205 32.30/0.9015 32.65/0.9331 39.25/0.978 4
EDSR-baseline 1555k 34.37/0.9270 30.28/0.8417 29.09/0.8052 28.15/0.8527 33.45/0.9439
CARN 1592k 34.29/0.9255 30:29/0.8407 29.06/0.803 4 28.06/0.8493 33.50/0.9440
IMDN 703k 34.36/0.927.0 30.32/0.8417 29.09/0.804 6 28.17/0.8519 33.61/0.9445

LatticeNet 765k 34.53/0.928 1+ 30.39/0.8424 29.15/0.8059 28.33/0.8538 —
x3 LAPAR-A 544k 34.36/0.9267 30.34/0.842 1 29.11/0.805 4 28.15/0.8523 33.51/0.944 1
ESRT 720K 34.42/0.926 8 30.43/0.8433 29.15/0.8063 28.46/0.857 4 33.95/0.9455
ELAN-light! 590k 34.61/0.9288 30.55/0.846 3 29.21/0.808 1 28.69/0.862 4 34.00/0.947 8
SwinIR-light 886k 34.62/0.928 9 30.54/0.846 3 29.20/0.808 2 28.66/0.862 4 33.98/0.947 8
Vi A S 906k 34.69/0.9293 30.60/0.8471 29.25/0.8097 28.73/0.8643 34.35/0.9490
EDSR-baseline 1518k 32.09/0.893 8 28.58/0.7813 27.57/0.7357 26.04/0.784 9 30.35/0.9067
CARN 1592k 32.13/0.8937 28.60/0.7806 27.58/0.7349 26.07/0.7837 30.47/0.908 4
IMDN 715k 32.21/0.894 8 28.58/0.7811 27.56/0.7353 26.04/0.783 8 30.45/0.9075

LatticeNet 777k 32.18/0.8943 28.61/0.7812 27.57/0.7355 26.14/0.7844 —
x4 LAPAR-A 659k 32.15/0.894 4 28.61/0.7818 27.61/0.7366 26.14/0.7871 30.42/0.907 4
ESRT 751k 32.19/0.8947 28.69/0.783 3 27.69/0.7379 26.39/0.7962 30.75/0.9100
ELAN-light 601k 32.43/0.8975 28.78/0.785 8 27.69/0.740 6 26.54/0.7982  \  30.92/0.9150
SwinIR-light 897k 32.44/0.897 6 28.77/0.785 8 27.69/0.740 6 26.47/0.7986; 30.92/0.915 1
AL E L 869k 32.50/0.898 5 28.85/0.7875 27.73/0.7421 26.61/0:802 3 31.16/0.9162

L 7

FHEE T LR B SwinIR-light, 2L 75772:7E Mangal09

B LRI B E . B R %3 Fix4 1]

PSNR #4254+ B E53% 0.37 dB 5 0.24 dB, MR BT H

AT TR B E S0 2 AR 3R R E S 3R B8 22 (15 2 10
stEAE 7, JCHE T Mangal09 B RUSIRES . 4075
F & K. [, £€ Urban100 $dE 45 b, BATH 7%
R, ST R Fx3 x4 T SSIM 1 47
J124 0.0019 F10.004 3 (142 F. Urban100 PAH =5 1)
QI ERR, X — BRI, FATBAL 8 o 5
ARV FRRAE 5 3 05 B R R AL, G a3k T A
s 2, o B @ IR MG BA SRR .

SRIM, 7 Set5. Setl4 FI1 B100 iX 3 M4 |, R
BRATT A B, B4R TR E AN K Urban100 1
Mangal09 %235 . 3= % Ky i S Hifia 4 IR 9 2510 2 4%
PE, R T A HARKE . SIS SRR, e hn T
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ESRT
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BlCubl‘ “ESRT
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5 W
3.5 HELSEIE
N T B8 AIE B S (B RWSAL RGSA #1 CAB)
(A R, WrE IR S8t 1 A EIAE A & ()T Rl Sk R 4
# 2 fioR, B RWSA Fl RGSA 735848 SwimIR A 7
AIFTA BIER PSS, KL RGSA fE4E RS
RWSA A RE K (0 RIS, 2 25 BRAR 7 A AL 1 55
SORIE, LW T RGSA (RIFFBARTH L RA R IH i
AR AR (5 S 12D, AU R s

3

ll"'l——nf

BB LA R A MR W, BRATTI U5 9 RE S S AT
PRI A R A5 2 I HL 3G BE 2 5 B R H e
EHEME, WTsE— e 1207 80 Rk

ELAN-light

ELAN-light

ELAN-light SwinlR-light

.

ELAN-light SwinlR-light

RORXT LS i

RWSA 5 RGSA & HA T MR, iX — sl A
LT 3 T U S AR S 2 MK R, ST
NS 0 e RS R, DI T i
R B ) LA 0 2. s BT IR 7
2 EIF NCAB, REICHAS % B LI, 3
éiwﬁifbﬁ@f%%ﬁlﬁ’ﬁzﬂx 7, S A
TR A, (MR RIS T B KR, AT
F AV YIE T K 3 FIVBLHRAAL & 10 2.

UL R0 RS TR B P A

Frk e piE v J Set5 Setl4 B100 Urban100 Mangal09
i ?’ e PSNR (dB)/SSIM PSNR (dB)/SSIM PSNR (dB)/SSIM PSNR (dB)/SSIM PSNR (dB)/SSIM
RWSA 612k 38.10/0.9609 33.73/0.9192 32.26/0.9008 32.32/0.9303 39.04/0.9780
RGSA 553k 38.08/0.9608 33.70/0.9190 32.26/0.9010 32.33/0.9307 39.01/0.9780
RWSA+RGSA 567k 38.11/0.9610 33.72/0.9192 32.26/0.9010 32.48/0.9318 39.07/0.9780
RWSA+RGSA+CAB 822k 38.21/0.9613 33.91/0.9205 32.30/0.9015 32.65/0.9331 39.25/0.9784
XF T CAB K H k4% Hil R BURFIE AL SR, DA # 3 ol <2 B PSNR PRSI (dB)

HEATRAAERL &7, ok, % CAB SRIR 4 (LT 4 “ 0 ! 0l oo
PSNR 38.11 38.15 38.17 38.21
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R4 ARG ERS R <2 BER 11E RE
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B H R PSNR (dB)/SSIM PSNR (dB)/SSIM PSNR (dB)/SSIM PSNR (dB)/SSIM PSNR (dB)/SSIM
4x16 38.13/0.9609 33.74/0.9193 32.25/0.9007 32.33/0.9301 39.08/0.9780
8x32 38.21/0.9613 33.91/0.9205 32.30/0.9015 32.65/0.933 1 39.25/0.9784
16x64 35.16/0.961 1 33.81/0.9201 32.28/0.9013 32.57/0.9325 39.17/0.9782
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