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Hyperspectral image denoising with sparse spatial-spectral transformer

Yang Zhixiang Sun Yubao Bai Zhiyuan Luan Hongkang
(School of Computer Science &. School of Cyberspace Security, Nanjing University of Information Science &.

Technology, Nanjing 210044, China)

Abstract: The application of Transformer models has improved the performance of hyperspectral image denoising.
However, the original Transformer model still falls short in effectively leveraging the spatial-spectral coupling in HSIs.
It tends to excessively smooth spatial features, leading to the loss of small-scale structures. Moreover, it overly
emphasizes all spectral channel features, neglecting the differences between different spectral bands. In order to solve
these problems, this paper introduces a novel Sparse Spatial-Spectral Transformer model, enhancing the utilization of
spatial-spectral coupling. In the spatial dimension, a local enhancement module is introduced to refine spatial feature
details and deal with over-smoothing problem. Simultaneously, in the spectral dimension, a Top-k sparse self-attention
mechanism is proposed, which adaptively selects the top-K most relevant spectral channel features for feature
interaction, effectively capturing spatial-spectral characteristics. Ultimately, hyperspectral image denoising is achieved
through hierarchical residual connections with the Sparse Spatial-Spectral Transformer. On the ICVL dataset,
denoising performance for both Gaussian noise and complex noise attains peak signal-to-noise ratios of 40.56 dB and
40. 19 dB. respectively, demonstrating the superior performance of the proposed Sparse Spatial-Spectral Transformer
model in this paper.

Keywords: hyperspectral image denoising;spatial-spectral joint feature;sparse Transformer
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BHEEIE EE AR T AR U 5 I T HAb 5 3.
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a0~ BMD SANLO 0859 VRS 5T 0007 W RORAE L T A L K SC o B A I e
~LIRTSAMA0.0532 g Fl % P A B e R 7 IR R R A
17317 —-QRNN3D SAM0.0456 § R 7 v ST B TV MR A 1 — AT 2 19 6 0 85 PR £ 1L 0
R Pl {9 P £ 2 71 0 6 1 K o R TR I T 0k A
® 0125 TR A RCR . Rk e K o R 5 R 5 A
2 o100} SRR OW FEL1% 1 2 ] e B RO 46 1 % %% — 2 1
T sk SEHAE L WA T I RO R A R T
= sl I (5 R R DL MR 7 00 Rl L R M0 AT O
TRARER T A SC 9 7 i 7R A 6 T 86 0 3% R 0 I Jed 7 2
M AR AL T ELB 3 Top-k FR i 1 2 25 0 A AR X8 20

0.000 £_4 ) 1 . )

400 450 500 550 600 650 700
P/nm
Bl 6 T (Blind) 264 T X M5 i ith £ T L IE

TER AR A RS 2 F T HETH T 0.6 dB. 7E8 A I
A FREET - AR T L 04 e DA% G0 07 35 1 R R BCR BT B T

W B ATRE B R0 TR A M S (Mixture) 2515 7F , X F)
AN T 25 M 7 3 25 R O A5 380 109 8 O 1 PR AR AE 3 15 R SN
EWOLE MM AT, AN 8 BT R, A8 SCER B R B 2
1% Transformer BTS2 1Y) 6335 i £ 02 e 32 & T i D6 1
BRI t Ze . IR W] TR SO J7 B 08 R TR S [A) 4 B
I 2 TG Y BT H R A T

x2 SXBEE

i; gg l‘i’;% BM4D" LLRT™Y NMoG"'  QRNN3D"™ TRQ3D""  NSSNN*Z AL

PSNR  18.81 34. 74 31.46 32.01 42. 88 43. 49 43.58 44.31

Non-IID SSIM 0. 608 0.975 0. 925 0. 946 0. 995 0. 998 0. 998 0. 998
SAM  0.585 6 0.115 3 0.183 6 0.150 1 0.038 9 0.033 6 0.0361  0.0336

PSNR  17.52 30. 93 28. 64 31.08 42. 05 42.75 43. 20 43.57

Deadline SSIM 0. 554 0. 946 0. 895 0. 945 0. 991 0. 997 0. 998 0. 998
SAM  0.647 4 0.145 2 0.202 8 0.151 8 0.040 3 0.035 9 0.0369  0.0353

PSNR  17.46 28. 47 25. 34 29. 21 42.23 43. 22 43.59 44. 00

Impulse SSIM  0.536 0. 811 0. 744 0. 867 0. 991 0. 997 0. 998 0. 998
SAM  0.595 9 0.227 7 0.309 8 0.180 4 0.043 3 0.034 6 0.0356  0.0345

PSNR  18.06 34. 23 29. 86 33.83 42. 29 42.95 43.43 43.98

Stripe  SSIM 0. 581 0.975 0. 903 0. 982 0. 996 0.997 0. 998 0. 998
SAM  0.607 7 0.114 7 0.210 5 0.111 3 0.039 7 0.035 3 0.0359  0.0335

PSNR  14.05 28. 97 26. 52 26. 19 39. 14 39. 37 39. 60 40. 19

Mixture SSIM 0. 390 0.911 0. 860 0. 868 0. 995 0. 995 0. 995 0. 996
SAM  0.776 8 0.167 8 0.2816 0.256 1 0.051 5 0.051 6 0.0529  0.048 2
3.3 HRZE Top-k #i B H 4 & W 1H B T . PSNR FE{K T 0. 94 dB,

o T UE AR SC T 4R R i R R e AR SO HE
ICVL B dli 5 b 4 X 78 = 397 M 75 58 28 o = 50 BYH B0 F
X AR SCRT B Y 45 A B AT T B SR . ) A BT
k3 iR . AL T M 25 1% Transformer B
W& A T A MR SE PR 2w, R g IR A ) 4k R
Transformer(SpaT) 1) J5) ¥ 38 5 #52 He | )6 3% 38 18 R A B
B (SCM) DA J 5% 4k BE Transformer(SpeT) ) Top-k Fii
B A ERE R, 7E KRR AR R B i B 4 2 ) 4k
J&# Transformer A5 F , PSNR B T 0. 73 dB., %4 [H
B 25 bR G 3% 4k BF Transformer T Bt i i 38 1R A A2 B f
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T L AE 25 B O 3 3 B TR A A e, A 7S Top-k 5 61 A
TE OB T PSNR AL T 0.35 dB, W LLE
WL A TR A R A A AN 3 Y (R B
PRI T RMEPERE, B UE T %k 8 IR G R A Rk
J— 5, Top-k M di HERTRERWINT — &S
it A AE A ZS (B 4E B Transformer BE G AL M 2 J5 15 3] T
MR BOR . PR A M LR HZ BT,
AR A B AE & A A AL 2 S K 3
TR MR M RE, IE W] T A SC R W R E
Transformer F 8 i A3 &Mk,



c o K AL w89 3 = 1% Transformer A2 A

%1

Noisy . BM4D
Clean QRNN3D
& 7
0.30 = BM4D SAM:0.1678 '
=+ LLRT SAM:0.2816 i
~-NMoG SAM:0.2561 t
025} -~ QRNN3D SAM:0.0515 H
-- TRQ3D SAM:0.0516 i
-~ NSSNN SAM:0.0529 4
2 020 -~ OUR SAM:0.0482 H
o — Ground Truth i
3L P
£ 015
T
o 0.10
0.05
OOO 1 1 1 1 1 1 J
400 450 500 550 600 650 700
PFH/nm
B 8 224 (Mixture) 254 T 25 M 5 Y63k il 28 X Lt &

R3 BRTE-AXEBIENERTFEGHMLE

LLRT

TRQ3D

SpaT SCM SpeT Params/M PSNR/dB
Vv X X 1. 09 39.62
X X Vv 2.03 39.75
X Vv Vv 2.52 39. 83
Vv X Vv 2. 45 40. 21
Vv Vv Vv 2.94 40. 56
4 % ®

30 5 T MR T R O 4 MR T SRR R R L, AR SCER Y 1Y
FHF 5 1 G K W 76 B 25 3 Transformer AN AY
PRE T G T MR 0 25 [ RRAE , 36 76 £ BE 25 (8] R AIE A il
bk i S R Y SRR R L EAT TR A R R
FMAT 2z %A B M, A K E ZE T2 X
Transformer H1 1% F 7E & e AT ook 42 M0 T R Ak 1
PR M M Top-k BB A TE R 7 &5 M. M 2 T
Transformer XJ /& Y63 B 15 25 [7] 5 % 1% F# 1E 19 ¢ & $2 I Ag

NMoG

NSSNN

TDTV

Our

ICVL Ui SR 7 52 42 W 5 (Mixture) 89 55 0T AN [ 25 W 7 36 9 T 4040 3808 X e

F3 o Wi R EHY SR AR A e Transformer £ 42 BURFAE I 38
- Y IR R, 7ESE I 25 A 2 B Transformer $2 5055 ' 1% 18]
G A SR 2 [)AE ABL M 9 [R) B R Top-k 7 B B 3 &)
B Transformer BRI A 7 BB 8, 30 08 (7 B2 FF
AETEAR G R BT K A GHE @B 5 B 176 B 5 e 3R Ot
JEAE L RE . 1 ad S B 4EE Transformer MG 4k
B Transformer (936G 40 3 A i 2% 18 3 i 65 B AR R
B82S [ R AR PR R4 SR DG RE AR DG TR 0 AT T R i R
[ 28 SR G A DG Pk . 3 AT R L A% 55 i A O A 2 i 1 TR
JE 2 2] T3 IR AE A R PR R AL S R T Y RN AT AL A AT
U T A SC 7 ik B
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