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Hyperspectral image classification based on shadow enhancement
and attention mechanism

Liu Qiuyue Liu Xuefeng Sun Shaohua
(College of Automation &. Elcctric Engincering, Qingdao University of Science & Technology, Qingdao 266061, China)

Abstract: Techniques based on deep learning for hyperspectral image classification can effectively extract features and
promote the mining and utilization of the rich information. The performance of existing methods is still limited by the
insufficient extraction of shadow information and the inefficient use of features. For information extraction in shadow
areas, dynamic stochastic resonance can enhance the signal by using noise to improve the ability of information
expression. For feature utilization, the attention mechanism is embedded in the convolutional neural network, which
can further extract and fuse from the space dimension and channel dimension based on the high-level features extracted,
screen out features more critical to the current task target, so as improving the classification performance. The
experimental results show that dynamic stochastic resonance can effectively enhance signal, the classification accuracy
on real world dataset Hydice is improved from 96.48% to 97.14% ., and is improved by 0. 408 4% with convolutional
attention block added. Further verification by comparison with other methods, the classification accuracy on Hydice,
Indian Pines and Pavia University reaches 97.436 1%, 99.219 5% and 99. 929 9% respectively, which has obvious
advantages. It is proved that the method is effective and has good classification performance, and has broad application
prospects in the field of hyperspectral image classification.

Keywords: hyperspectral image classification;dynamic stochastic resonance; shadow enhancement; convolutional neural
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5510 ARG Ay B IR AT /N W AR e L S K 1 LA L RE 42
BB BN R AL , A BEBUB AR SF 1 40 88 R . IR 3R,
TREESF 3] B LT B A T R 40 2 R L 0 g A ) 4%
(stacked autoencoder, SAE). ¥ & {5 M 4 (deep belief
nets, DBNDZE, Hir, 3L T 2 a2 M 4™ (convolutional
neural network, CNN){HESE 5 FH £ 20 ) ¥z, a0 A= B BL
W FRZEM 4 S A5G M T, XS T Ik R
A RO B R O R BURHAR A 14 43 2R

IA BB 2 o6 3 R AT 23 28 B 7 vk IR AR 1 R
BB PR IR i SR ARE R T LA KRB BT LAFI A 2
FMGE 3R, ZALRUEREREREG FTEE
I e %, BFFT N BB T 1 & 7 LT Cattention
mechanism, AM) B8, AT DL Bl 452 38U X 4 A~ R 40 K 5~
AN TR A T, B BT DG B R T 2 (5 8. Aol AR AN O A
BRI, BN S SR T R T R AR A . H R E B
FHT HARTE T AL HR T R A TR 5 A5 A0, B e v
& 71U (shuffle attention, SA) &2 (convolutional
block attention module, CBAM) . & %k i ¥ & &= H10Y
(efficient channel attention, ECA). fl [k 45 f1 i i i &
J1 (squeeze and excitation, SE)%&,

B il w5 O R 2 AT 45 b, O TR S Y 2 BRI A
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5 AL, 31 S K AL AL R (dynamic stochastic
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To(f) =Milp(Avg () +Mip(Max(f))) (D

Ts(f) = ¢(Conv(Concat[Avg (f)iMazx(f)]D) (8
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1)K o 1 5 5 199 8 Ol 1 TR AR 50308 o 4 A N 2 4R R
TELE , 43501 F %0 W £ 1 fig 2 17 U 25 AN 3 1 5

2) 38 i 3 B 4> 43 B 7% (principal component analysis,
PCA)#EAT 4 B2 I ke AN T 1LY 5

3K REHE S B BRI 43 8 0 RN R w Xw X B #H
BT EF AL,

O #ES7 3D B, 2T Dropout 255 4 I &6
T P4 R AIE B B £, 9 T 2 0 T A R AR 4 EORE B R B
) C A RFEH

50K CBAM i A BIURRAE R I 28 M % v T
RS HER A AL A B , FE A 3l T8 7 7 (channel attention,
CA) M1 23 |a] 1 & (spatial attention, SA)#LHL A 1TE 40 1 #2 .
sk RSFIAsban&l 6 7 iR

6) il it A CBAM (¥ 3D CNN ¥ 48 Xif 4 A1 1% 38 )
1 G T RSB AT 43 28 AR B AR

Bl 6 CA Eith
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3 XBWERMHE
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Y T T L oreiaane 53902878 IRE X IRIAE B IX 38K
2.2 BMANFEHHH=4EFANE(CBAM-3DCNN)

TR kG B R A S BE, AR SO B
CBAM i A B 3D-CNN H, 1] DL X 43 ) 45 o 07 1 22 49 4
E T B A8 A D N E R E A E . P
A A CBAM ) 3D CNN &6 1% BR B 73 R 2% 45

ey
XBunjog

- SR REER

Bl 5 ASCFR IR EIEE

Python 3. 6, #4EZ %A Ubuntu 16. 04, M 2% ¢ Linux %
g5 B4, R A Nvidia GTX 2080Ti .77k 11 GB,
3.1 BIEEEN

R T WAEASCER I 7 B R, SE R SR A T Hydice
(hyperspectral digital image collection experiment) %¥§ #f 2
CR A 1995 4F 8 H By Rt ik 07 EQCR 8 S0 50D R AT 52
WFVML . A — LR UE B R MR, 51 A T Pavia
University il Indian Pines W2 38088 4 47003, & 5
PR CE BT

Hydice: BI§ R 316X 216X 148, %5 [H] F O 1% 43 B 22
0.7 m F10 nm, EIE R BTEF N 435~2 326 nm., %K
PWEER 7T RMWIR S WL A B IR (4 — BB D
o RBIR AR X I O o RN A 8.

(a) thEEBER

(b) AR E B
& 8 HYDICE #iE&

Indian Pines: & {8 R 5] 145X 145 X 200, JREHE 4 0
5 220 A B, SEPRSE R B HEER T 20 NI BE K B Y
B, MEURSER 16 KR E FEE B EKNEE,
R B A B I 1 R RS N R 9

Pavia University: & 4 R <} 610 X 340 X 103, J& &
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(a) BB (b) AR
[ 10 Pavia University ${#§ &

3.2 PFMiERR

B X R A Y 43 28O SR T R O AR G AT 55 P
iR A 3 A48 b5 AT VP Al SRR BE (overall accuracy
OA) , 4% BF (average accuracy, AA),Kappa &%,

OA R EM /3 AR AR N A B8 h BT 5 |
s AA FR IR B 53 28 22 5 s Kappa RER R I
EKME &L Z B MR A A, RREIR B
VT30 T8 B 4 R ER AR AT T L 43 28 10 1R 22 i 20
BE.

B L= RN Ny 1

1 L
OA = M;P,J (1D
1 L Pi,i
AA::TTﬁIPM (12)
L L L L
M>IP., —DYOIP., X DIP.)
K(I,]?Pa _ i=1 i=1  j=1 i=1 (13)

M= DTOTPL X P

Bt a2 ) BAR A 2 G 3R, R B A R Recall 37
TR . B2 RY B ] 358 i 5B A8  3) A% BH P A A
5 1ER BHMERE AR B BRI K 3RS

P,,

Recall = — oy

i=1
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H L BRSSP RIBWHFE, R~ 8 LXL;
P, R EHEA P 8 T2 0 HEARRE S LR 1
REARBE s IAEA BB M = D) DIP.,.

3.3 BEIEE

DY i ArE:

ARSCAR B5 SCHR (28] v B R R A A AR T iR
KOFHSE a o6 REN 0.01, #4E 3D CNN XN
[l S50 4% 1 T 1 3 A 78 T TR AR B 40 RS B L 2R AR IR B
WER 11, ERSEEN T, BRI E — B B R mr
JE BRI AN P L1 0 SR AR B A A I 1

(2) FAEHIR

(b) DSRALEE J5

Bl 11 HYDICE #3857 5 %) [
*®1 HYDICE HiB&ENEBE
&0 JR bR s DSR B4 5
0A/ % 96. 48 97. 14

2R AT B T HLH] 8948 U 28 R 4%
ASCR IR B G K 5, 2R IR 2 s,

R2 BHEE
B8 W&
=B 0. 001
AE: Adam
AR/ E 100
R R AL categorical_crossentropy

JEe rh AT B 10, YN ZREE AN U4 L B B R
1 4,28 4RO/ 11X 11, CA BEHRFI SA Bk i [
e r RAE RS E N 2,

4 LRERRSH

o 56 UE ) 785 E B 3 4 7E B 52 DX PR 454 R Rk g
B R TT K o3 JAE 55 B9 BUBCR L 78 Hiydice $oHs 4 B &1 )
B3R #EAT T AL L 3 o X 2 B 4G AR 1 R AT S 7E SR —
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i JBE B K BE PR AT T S 7 DT SE B 58 B B BT
S oL 3 SR TS A SR TE SDCNN - i1 B A 43 26085 2 ik
7 UL, a0 11 fgk 1, XA 11 g (), (b) BT
VLA o 50 T R ZE AR J5 B A B2 X 8k L 78 i 3B 0k
BPE R S BE R Z B A BT iR 0T, JU AL T4 T A E s
DI 28 SO, TR 5 S B TSR 1 B AR R 2R
K BE 0. 66 00 BA 1S It F — 25 B TIE 17 3% 7 14 A6 1AL 45 1 i I

Ir RS RF TP A R .

MR 4R i A B B B K AR il
2DCNN X #x A GAB(global attention block) ,CBAM F &
J1H #) 2DCNN, 3DCNN K #& A GAB. SE., DA (dual
attention) 1 ECA & J1 8t 15 3DCNN fE 2 X Lb J7 1 A7
Sy, F#3~5 R 12~14 S T &8 L EA R IE
B T B3 28 25 HROR BE R O 2R 45

%3 HYDICE &R

) . 2DCNN- 3DCNN- 2DCNN- 3DCNN- 3DCNN- 3DCNN-  Z3C
" Gia FABE 2DCNN SDCNN GAB GAB  CBAM SE DA ECA Ik
1 # 33 184 0. 99 0. 99 0. 99 0. 99 0.99 0.99 0.99 0.99 0.99
2 i 10 850 0.96 0.98 0.96 0.98 0.95 0.97 0.98 0.98 0.98
3 % 3376 0. 96 0.97 0.96 0.98 0.95 0. 97 0.97 0.97 0.97
4 AR TR 1686 0.41 0. 87 0.55 0. 86 0.57 0.85 0. 86 0. 84 0. 87
5 MAETFME 323 0.82 0.96 0. 86 0.93 0. 86 0.95 0.93 0. 90 0.95
6 Hix 1l 537 0.78 0.84 0.81 0. 88 0. 84 0.89 0. 88 0.89 0.92
7 H % 2 514 0. 69 0.61 0.73 0. 66 0.67 0.63 0.59 0. 66 0.68
8 H#% 3 4135 0. 87 0.9 0. 88 0.9 0. 85 0. 88 0. 90 0.89 0.92

OA/% 95.416 2 97.027 7 95.408 8 97.104 7 95.478 4 96.974 6 96.888 6 97.060 7 97.436 1

AA/Y 83.779 0 88.182 9 84.257 3 89.672 9 83.449 9 89.160 9 88.548 2 89.015 6 91.004 5

Kappa/ % 92.103 2 94.847 1 92.088 8 95.013 8 92.181 3 94.764 8 94.642 6 94.929 4 95.582 5

% 4 Indian pines 948«
BEA 2DCNN- 3DCNN- 2DCNN- 3DCNN- 3DCNN- 3DCNN- 3DCNN-
= &R 2DCNN  3DCNN

B GAB GAB  CBAM SE DA ECA  CBAM
1 L 46 0.97 1. 00 0. 97 1. 00 0. 95 1. 00 1. 00 1. 00 1.00
2 AEBEAL-TE k#1428 0.98 0.97 0. 99 0.91 0. 99 0.97 0. 95 0.98 0.99
3 S E oK 830  0.99 1. 00 1. 00 0.98 0.99 0.99 0. 96 0.99 1.00
4 £k 237 0.99 0.99 1.00 0.86 0. 99 0.99 0.99 0.99 0.99
5 - 483 1. 00 0. 96 0.99 0.98 0. 99 0.97 0. 95 0.99 0.98
6 BB AR 730 0.97 1.00 0. 99 0. 99 1. 00 1. 00 0. 99 1. 00 1. 00
7 ;AN 3] 28 0.95 1. 00 1. 00 1. 00 0.91 1. 00 1. 00 1. 00 1. 00
8 T 478 1.00 1. 00 1. 00 1. 00 1. 00 1. 00 1.00 1. 00 1. 00
9 TeE 20 0.94 0.56 0.88 0.67 0.75 0.62 0. 94 0.94 0. 88
10 FEFF-KEH#H 972 0.98 0.97 0.97 0.98 0.97 0.99 0.98 0.99 0.99
11 Y- K T 2455  0.99 0. 99 0. 99 0. 99 0. 99 1. 00 1. 00 1. 00 1.00
12 KREH-C#BI 593  0.95 0. 94 0. 95 0. 92 0. 95 0.95 0.97 0. 96 0.95
13 N 205 1.00 1. 00 0. 99 1. 00 0.99 1. 00 1.00 1. 00 1.00
14 PN 1265 1.00 1. 00 1. 00 1. 00 0. 99 1. 00 1. 00 1.00 1.00
15 HEH-E-RA-PLEE 386 1.00 0.99 0.99 0.93 0.99 0.97 1. 00 1. 00 1.00
16 AMIE 93 0. 97 0. 99 0. 96 0.98 1. 00 0. 97 0.96 0.97 0. 97

OA/% 98.484 4 98.5854 98.780 5 99.097 6 98.695 1 98.670 7 98.243 9 99.231 7 99.219 5

AA/ Y 98.079 4 92.481 4 97.896 1 98.419 5 96.571 7 96.466 2 98.075 2 98.859 6 98.394 7

Kappa/ % 98.670 7 98.3855 98.609 4 98.970 6 98.511 4 98.483 2 97.995 5 99,123 8 99.109 8
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% 5 Pavia University X &R

) B 2DCNN-  3DCNN- 2DCNN- 3DCNN- 3DCNN-  3DCNN-  3DCNN-
Rz . 2DCNN  3DCNN
N gy GAB GAB CBAM SE DA ECA CBAM
1 V=3 6 631 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00
2 ) 18 649 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00
3 v 2 099 1.00 1. 00 0. 99 1. 00 0.99 1. 00 1. 00 1. 00 1. 00
4 BIA 3064 1. 00 0.99 0.99 0.99 0.99 0.99 0. 99 1. 00 1. 00
5 4B 1 345 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00
6 HHb 5029 1. 00 1.00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00
7 M 1 330 1. 00 1. 00 1. 00 1.00 0. 99 1. 00 1. 00 1. 00 1. 00
8 & 3 682 0. 99 0.98 0. 99 1.00 1. 00 0. 99 0. 99 0.99 0.99
9 RA & 947 1. 00 0.99 1. 00 1. 00 1. 00 1. 00 1. 00 1.00 1. 00
OA/% 99.8130 99.7984 99.7604 99.8509 99.7721 99.8130 99.827 6 99.8743 99.9299
AA/Y% 99.7425 99.694 2 99.6411 99.8083 99.6401 99.7334 99.768 6 99.8527 99.875 1
Kappa/ % 99.752 2 99.7328 99.6825 99.8025 99.697 9 99.752 1 99.771 4 99.8335 99.907 1

(a) 58 (b) 2DCNN (¢) 3DCNN (d) 2DCNN-GAB (e) 3DCNN-GAB

(f) 2DCNN-CBAM (g) 3DCNN-SE (h) 3DCNN-DA (i) 3DCNN-ECA (j) 3DCNN-CBAM

[ 12 HYDICE 40 2R B % 4 R

(b) 2DCNN

(a) FR%E () 3DCNN-GAB

&

(f) 2DCNN-CBAM (2) 3DCNN-SE (h) 3DCNN-DA (i) 3DCNN-ECA (j) 3DCNN-CBAM
[¥] 13 Indian pines 7325 R E K
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(f) 2DCNN-CBAM

(2) 3DCNN-SE

(h) 3DCNN-DA

(d) 2DCNN-GAB

(e) 3DCNN-GAB

(i) 3DCNN-ECA (j) 3DCNN-CBAM

[ 14 Pavia University 5338 %

LA LR 3~5, AT IR T AW 98 5 B Hydice
K PE£E | Indian Pines M Pavia University =P £E F K
JARAE RS T 97,436 1%.,99. 212 5% ,99. 929 9%,
AR T HATA 43 2RI, A SR TE Hydice H40 4
A F GAB.SE.DA I ECA 1 & J7 B b ity W 4% , ¥4 JiF
395 0.331 4%.,0. 461 5% .,0. 547 5% .,0. 375 4%, %F%F
3DCNN #4326 97 ¥, in A CBAM Z J5 % Hydice, Indian
Pines I Pavia University B/ 2885 FERAS T 42 T, 7
B 0. 408 4% ,0. 634 1% 0 0. 131 5%, JEHE| A CBAM
Ky SDCNN W 28 FL AT BT 4 i R AIE B2 BRI AR 0 47 ) Y
2R KERE

N 3 Frs f9X) Hydice #0448 9 43 28645 R , 3D CNN
£ OALAA F1 Kappa 1 4285 B2 43 7l b 2D CNN &
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