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Abstract: Hyperspectral images have multiple bands and.a strong correlation between bands, but their spatial texture and
geometric information are poorly expressed. The traditional classification model has insufficient extraction of spatial
spectral features and large calculatior}, and its classification performance needs to be improved. To solve this problem, a
multi-scale and multi-resolution attention feature fusion convolution network (WTCAN) based on the wavelet transform
is proposed. The concept of wavelet transform is applied to decompose the spectral band four times, and the hierarchical
extraction of spectral features can reduce the calculation amount. The network has designed the spatial information
extraction module and introduced the pyramid attention mechanism. By designing the reverse jump connection network
structure, it uses multiple scales to obtain the spatial position features and enhances the expression ability of spatial
texture, which can effectively improve the defects of traditional 2D-CNN feature extraction, such as single scale and the
ignoring of spatial texture details. The proposed WTCAN model is experimented on the hyperspectral datasets with
different spatial resolutions—Indian Pines (IP), WHU Hi_HanChuan (HanChuan), and WHU _Hi_ HongHu (HongHu)

O EETH: ILARE BARPEESHFFEBH (ZR2021QC120); I ZRERHLHIATH (2019GGX101047)
WA ] 2023-01-05; A& B [A]: 2023-02-09; K FH IS [A]: 2023-03-03; csa 7E£R Hi RIS [A]: 2023-05-24
CNKI [ %% & K I []: 2023-05-25

Special Issue T iteZ5ik 23

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/9186.html
http://www.c-s-a.org.cn/1003-3254/9186.html

it E RGN

http://www.c-s-a.org.cn

2023 4F #5324 H 7

repectively. By comparing the effects of SVM, 2D-CNN, DBMA, DBDA, and HybridSN models, the WTCAN model

achieves excellent classification results. The overall classification precision of the three datasets reaches 98.41%, 99.64%,

and 99.67% respectively, which can provide a valuable reference for the research on the classification of hyperspectral images.

Key words: hyperspectral imagery (HSI) classification; feature extraction; wavelet transform; two-dimensional

convolutional neural network (2D-CNN); attention mechanism
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P8 A oy e e v, AnicEAR 2. % B U 10% FE
AAERINGEE, TR 90% VEAMBFEA. I LI EE

K BEHLR 73 sk, AR BEAT 5 SEIRBCT M. K 2

R AG T ARFIRE 3 AN BEEERSERLE R,
12 14 U TR RS KA .
®2-K 4 CEHH G T NIRRT KW
Ve AR, 128 14 AR R T ARSI 3 A
BARER 2R R, R 2-F 4 SRS AT LA H
WTCAN HERUF LG T HoAth 5 FH575AE OA AA~ Kappa
X 3 AMERS R AE.
3.3 KBRS
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B 1 B 0 B A 4 3 2 3 BT AR K I TR AL fE
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MR 2 TULER, FA—WFARFRZEAE corn, grass LA
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55 soybean-mintill FO HE 5145 5 B o 34y B 75,
L 75 R AT 2 B 46 T A 4R 384T 7 4 Ak 3,
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(a) Ground truth (b) SVM (c) 2DCNN (d) DBMA

(¢) DBDA

() HybridSN (2) WTCAN

Bl 12 REFEX P HiE0ReE

(a) Ground truth (b) SVM (c) 2DCNN (dyDBMA
g g ' ‘5
(¢) DBDA (f) HybridSN (2) WTCAN

13 A[EEEX WHU-Hi-HanChuan £ 732845 1

M 13 7] LLE H, watermelon 3X AN #147) [X 3804
A, Bt — /N X3k, SVM. 2D-CNN. DBMA.,
DBDA. HybridSN 7£ M [X 35 H 244 1 watermelon %4
43 % cowpea ()15, WTCAN #5574 43 2 &8 B e my D,
FBIAE XKML RERS watermelon A5 HES) 2K, 1A

B0y, VIR A A 22 ROZRFAE SR B 1 R iR

SRR 0 1 < 845 5. WTCAN #AB R I H LR 47
7rRIERE, Eﬂﬁ%iﬂ?ﬂrlztﬁiﬂjﬁ‘é ECBHETHE FL IR, 2
LA I AR 0 M A 4% 1 RFAIE SR FE 4
WHU-Hi-HongHu K8 SE3 5 7. %5 17 4 PE i 51
1 0.043 m, PEBRHE LR S WML ERZ, ILH
22 KLY, 18 FiAAEY), MR %, T EA cotton
5 cotton firewood, brassica chinesis 55 small brassica
chinensis, carrot 5 white radish, 4 X 8 FH %t EL 8t &
Z&. W3 4 WTLLE H, WTCAN B84 () 04 It SVM,
2D-CNN. DBMA. DBDA. HybridSN 4 5|#2 7 1
15.86%, 4.32%, 1.96%, 1.51%, 3.6%, A4 # Kappa 1%
FT 99.73%+ 0.9973. Fr A RS HER T ILF] 95%,
19 KW o R EEIL 2 T 99% LA F. X AH kAt 5%
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ES

RNHERRHEAT T 25 WK 14 g5 R E W LUE H, SVM.,
2D-CNN 73245 RATIR H I — 2L 5 DBMA. DBDA.
Hybrid SN B3 SRR B0 A A% X 45 73 BN HER,
{HRAE — S8 AN /N X I HA) 7 S o IS DL 22,
Lk DBDA £ 4 small brassica chinensisf 73 H.
brassica chinensis, rape %) /i bare soil, Hybrid SN £
# rape 4573 % small brassica chinensis, small brassica
chinensis £ 4) i cotton, WTCANRL T & A4 X} 1 b 2% 418
NI L A 2 18] S DL R AR B TE 53 2K e
FEFI 4 N\l R 1)

(c) 2DCNN

(a) Ground truth (b) SVM (d) DBMA
(e) DBDA (f) HybridSN (g) WTCAN

14 A[EHEES WHU-Hi-HongHu ¥4 7> 2845 5

25 B Rk, WTCAN FEAK 73 [8] 73 #2680 15 06 i 44
i B SIS EAS TR AR E‘J%%%%.WTCAN EAILE
WHU-Hi-HanChuan iﬁlﬁ\ WHLJ-Hr—HBngHu HHE 5y
FACRAE T Indian Pines Hdii. SVM 73 S A T )5
s 5 40 s B 2D-CNIN 1 3 2 B0 e 1
#Z sDBMA. DBDA (] 3D-CNN A Il Zi S 40K,
HybridSN #8472 fhfe /i %, #HE SVM. 2D-CNN,
DBMA. DBDA UL & HybridSN, WTCAN #5 BUAR 55 /&
BB I /NI A2 4 2 R A ORI R (5 2, AR B
3D-CNN g i 2 90 v S i, 25 (45 B PR U H A
) RS PR 2 (AR AE . RS RRAEAS R, 13 I & 4G
BUG ) 73 2810 FEAN D 2 5818, 52 b3 (1 i 4 73 2
TR0 T A, [ 2 RS R AR OB R 5N T 42
TP R IIHUE], B R S R AE S B (S B
b, SRAETE AN SRR 0 o S ARR B R ROk
W A AE B AR — R A, N O B AR R
KT, (HR— e bR S 2 6 (s 2,
25 (S BAEEUBL AN [F) 73 % SRR A ISR e Kb Ak 4
W Ah 2 5 R —/NER o 2 IA) SUEE AR 315 R, (ELS AR
WTCAN # R i % T3 P50 A5 5 1) 52 B0 3 2 [ R AE,
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BETTH = 70 A L.

3.4 jHRASELL
NIRRT 2 A RO AL EAE B, 4

TifE BBk, AR E SRR P S A E TR

TR, RIS T T B SRR R A X B

G, FAA R RE 787 SR IBCE AT R R R e

I SUEAE . 9 T R A A5 S SR USRI I <

BEE R DNV 00 R, ARSCHE 3 AN U BT T
THALSLES. MR 5 AT LLE Y, VRN 4 38 B T
PEAN FE AR ZE LU IR I Fa bR 221, 1P 2048 04 A4
Kappa 53 SR TF 0.95%. 1.31%. 0.0153, HanChuan %1
W% 04+ AA. Kappa % HIEFF 1.02%, « 1.13%. 0.0113,
HongHu ¥4 OA. AA. Kappa % NETF 0.08%.
0.38%- 0.0002, iEB T ¥ N S T A 2UhE.

RS5OSR SE RS

PO IRAR (AR IR

PR TR (AR B

s A 4y
HR R H 0A (%) AA (%) Kappa 04 (%) A4 (%) Kappa
IP 97.46 97.21 0.9687 98.41 #98.52 0.9840
WHU-Hi-HanChuan 98.62 98.59 0.9821 . 1 99.64 99.72 0.9934
5
WHU-Hi-HongHu 99.64 99.35 0.9932 = 99.72 99.73 0.9934
L
4 ZERE 3 Tbrahim A, Franz B, Ahmad Z, et al. Atmospheric correction

LR A R, RS R
SLTUASERRE, 3 102 1] AVGCRS I 4 5 A —
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SR 2 2N A3 R 0 1 M A R,
A RE R T A5 B IUAR A, ML 3D-CNN B EE K
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Bee Pl = 4 2 J AEAIR 2 T 73 1% 23 00 v 2 1) 0 0 v
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D AT REAOBAT A O (E B TR ), BVRE
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