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I A SR P 16 W8 SRAE AT 4R RE 0 77 s AT I, LA 20D TEA (S B 25, Siamese network LUK /NAR I patch
TS AT P 45, A8 R A A g U R AT DI, AN S T B R 1 AR, T AR AR OIS 15 B E 1
[RIERT, 7053 R b 3R £ S5 A S F el &8 sk [R5 S5 5 i, A 00 W 4 P2 P e e LA B = T ¢4 2 0 A
B0 BE R I, 43 % A A PMAISoR 15 JE AT L 434, LA IR T 40 25 ME R 1) F (1. S8 2 S M, A
th E@ﬁ?ﬁ@ﬁﬁﬁj\/\%ﬁﬁﬁiﬁ ECH F T VRIS T 30T 1 SE e 5UR.

SRR B G EIB 453K, Siamese network; V75 MU, AVREARSE ST, TR 2 5]
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Few-shot Hyperspectral Classification Siamese Network Combining Attention and Improved
Sample Selection Method
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(College of Computer and Cyber Security, Fujian Normal University, Fuzhou 350117, China) =
*(School of Electronics, Electrical Engineering and Computer Science, Queen’s University’ Belfast Belfast BT9 5SBN, UK)

Abstract: In order to solve the problem of the insufficient number of hyperspectral image samples due to the difficulty of
artificial labeling, a small sample twin network algorithm combin‘ing attention and spatial neighborhood is proposed in
this study. Firstly, the hyperspectral image is preprocessed by PCA to achieve data dimensionality reduction. Secondly,
the training samples of the model arg selected By means of interval sampling and edge sampling to effectively reduce
redundant information. Aftenithat, the Siamese network combines the samples in the form of patches of different sizes and
constructs the sample ﬁ)airs for training as a training set, which not only realizes the effect of data enhancement but also
fully extracts the spectral information of target pixels and the spatial information of its neighborhoods while extracting
spectral information features. Finally, the attention module of spectral dimension and the similarity measurement module
of spatial dimension are added to distribute the weight of spectral information and spatial neighborhood information
respectively, so as to improve classification performance. The experimental results show that the proposed method

achieves better experimental results compared with common methods on some public datasets.
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6 g B4 (hyperspectral image, HST) fL7 T 4
BAMES B, BA IR m ik g, X H e f
TRERDERERZS [BE S, XY B R, 7T DA 28
B 4 [R5 42 R < [R) 4 S i RO B G2, mT DA T
FEE X A3 FRAL R S 43 R 5. an4-, HST 4328 ) 32
N T 1 2 U, il an PR B I L Aol I e B
B BN,

eIt F L4 B, HST 2 Zad it pL s 24 > E 3
TARKM K RE. N0, BV 2 K071k 2t
FIH HSI F & FOGIERHEREAT HST 432K, A46 3 s
ST (PCAW SEHF AL (SYM)IRTBEHL Ak (RF)
STV, SR, WU 2 7R K R 46 2 R AR A R e,
98 2% 455 W) 8 B A W5, AT PR ) 7 670 HST HREAIE $ L
fie 77 LA S BERUE AN [A) 37 5% R 2 A, XA AR AL 4% 2
VT Be 2 1E Gl BHR 43 X — s (1) gk — R
R EIBHAS.

HTAEK, VR 2% 2] (deep learning, DL) #)72 N H
F HST 432K, A T LA 2 S S0k, IR JE 2 ) fetis o
UF b 58 B AT 55, TR 2 ST LR (P AE 28 B AR &
B2 (CNN)®LL BIBAR R 2% (GCNs)PlL fE R ) 4%
(RNN)!TAT Transformert! 145 i3 46 HE 22 14k K 37
TG EE o U B AT

BT~ HST A LARVE R M, FEAR S D 1R, DA

2% 2] (few-shot learning, FSL) B 70 & i oA =6 it

I8 HTURBF L1 F bR, ARV 5 76 HST 43
FE 5 T, {2 e U1 2 R e/
T, R 2 ST 50T I 0L 2 0 L. 9 FLIR
B SR B 6 0 R A3 L, 7 540 R R A S A7
I, FREUL > R A 2 AR LI A4
G, ELLTER 523K, T FSL 77 A b B 7 76 HO b A
B, W2 HST R R A R b L, AT
P S R, T il 38 S 8 B PO R 45 4
WA 7R 11597 75 ZE N . LU, 7 FIST 4354000k
% FSL 7 IR A2 B 40 B3 X

2 WEFEBR
HAr, DR 2N T HST 2 KU )
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FSL 77 &R TP 71, Xue 28 AT T — AN i i
B2 TR it %, s et T — AN ET
R TRMACE 7, B TR R AE AR AL
Zhang %5 NS TR 2 = 4E BRI A 4% (CNN) 1R
FEAESEEA 2%, TIN contrast learning BA%F: > B £ ) HSI
53R, Manifold 5 AU i1 F <R ) U-Net
%, SER 3 2 0 Tt s e TR 34 47 2 17 2 5T RO
5] I A T AL, (H DA _E R FSL VA R B
SR A AT I 2090 2K, R0 SO0 B8 3 25 7 v
SN ZRFE AR &, it LA R AR SR 1) 47 T sz e K I H A7 AE.

2= FiR A3 FH CNN ) FSL /572, Siamese network
2 FSL 4l -h — A5 #7775, Siamese network £
B W5 355K, AL G Siamese network B4 FH T A
WU B3 5%, EEXS AN N B R AREAE 3 [3]— /N A
USSR, J& T AR @I - SRR AU SR i o
N —RFEAAE R ULAD. 71X LA AR T, Siamese
network 7] DLSEIL 2 73 SR AT 25, RO E FE AT & T 1B
AN @I E AR A ORI AT 2R,
AR R AR RN By B k1S 0 R G R, JFH A
HEFENE. TERRICFEAE R E"JT%EJE?F,\*@E@%@'L‘U‘@@E
B BRI RE A ] SR R AT S0 1958 . Siamese network 5
J:J‘i?‘??ﬁiﬁ‘]ﬁlﬂ»zﬂ&?f?ﬁ%@%ﬁﬁ#@ﬂﬁ/ﬁﬁzﬁiﬁﬁﬁ
ASKIECRT, AT S B U 25 A 1 S50 1 R R, ARG
A R O R RIS, FLLE 3 4 5 e A
M S B RE A 2 ] 7, JE 3T contrast loss Ko H7 3T [F] S FE AR
HIZE N EEES, hrze A R PR A S A R 5, SE i th i
TR 43 2K R

BAROH KEHIBF I G5 Siamese network 7E
HSI 73 K40k Fit AT TIRR, (BAEFR e AR B D 11
LN PE RV RE AR R — MEAS I — B R A 5 .
Cheng 25 N H 7 — /N EHA U [ K1 (SC) AR
#E (IC) ¥ Siamese R %YM 2% (SPNet), A I PS4
110K PR BRI HERE Y, A By T 7 22 =) 31 5E HAER
F SRR A L T R A TN Cao 25 AU T A
i 5} Ui ) = 4R AL B Siamese network, JEIIAN T
Xif BN ZR3R T2 IA) 43 AN N 23 2K (g /7. Xue 25 A1
KH T — 4G M e G HA A TR T 250

© TEREBIK R

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


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

2024 4F 55334 31

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

i H AR SN A

O R GNP NGE L {EPNN PN
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[y R A KR RN, S % B B 1 S5 ST
TFBEML BRI SR . (R85 9 7 K A T AR
RS, 7T DA Hh 5 W 6 (R 0 451 R K %
6]_E B A0 K ORI 4546 _F iR Bk A % 1 5
7 HST 1) 1 0 5 A6 R, 47 26 L4 BB B L B A
2.2 ) (T B3/ 0 T e, AT 5 SO TR AT %
] A AR N 5 50 L UT AR 1 0 0 W Ak
R 14 A5 B, B 1SR F T 1) R TR 11 4 A T
AR 7 AT RS T, T 3947 9%
PERE, B IR R SRIZ R 2500 i 2, SE B0 L,
A RE AR 7 VA LB LA P SV 3R 20
K% BT

L4 SK, TE HHLB 32 PR M8 0, 8 %
Fo U B (02805 Tin S NDHR L T — R
4 CNN 45 & 7 BN B8, 76 20 o, 5
SUEBRUR M HST I 3D B s 2 ) WA
2 R I~ U — e U A ST L
— 2 3] 5 R WA, Feng %8 AP th— Fivgi 10
B2 2 MR LB £ % (MSSFN), IR = dE3k 2%
LRI 4T 3 85 1 B M MR B £ % [
i, A (R Al

ot LA T R A BUR 0 5, K
8 A R IR R 110 036 5 AR 3R 2 1 M 5%
PE. St BT B T ARERR R 1 b R R R b,
S0 5 4 A R S, SR B 2 AR DL,

308 3o 2 A B O ) B &0 3545 3R 11 T Bk O3 A, AT

AL B 0% 7E VI SRS R SE 1

ALV T T A VT Siamese Tetwork.
SR — 4G BN A BRI HST 0t i 2 1)
R, RIEFIA R T IIMIL (GAP) #EAT 402K, 2
BEAL DX 8 2 BORNAR IS 53 2% B2 LI, al I A0 1) 22
TN, BEE SR 2 A ACT, JF I8 v B D bR 55t
B B ZRAE A B AT ¥a ], 8 1350 25 28001
FEAROS 2 80/ R K LG BUR S A 52, (A I
ST TR IR SRR AN, AR T S A B S IR N
FMZRIE 52K, e, IS0 T DG v = AL AN 2 (R] A
ABLRE B AR, o Sl 0 e 1 4 B R AT AR 0 A, AT R
1 R R B A EARFAE, () B0 2 1) 24 B b AT 203,
2 GO A 2 5 A AR ) B AR AE B R R, LAIS B

B R AE SR, S S0 45 SR, AT T S 7
3 HlE S F AL B 107 TR LR T 80T 1 92
BUR.

g TR, AR SC I 3 QU HE T DARESE Jy LR
LA

1) S I G5 RE A B3 BT 35 O 3k . 454 2 FE HISI
(13 SRR A 440 MR, D T A B, TR
R 4p K Rl

2) KH T =R HiN. ?ﬂl‘]iﬁﬁ[ﬁﬁ Siamese network
PER R AR NS, HEBE TS A IS AN A T e A
%, R 2 R (LN B 2640 T 2 (R, MEGRE A
R, |

3) VRN DA O B A BB DA O BT 00 B A
AR (T T/, BTS2  HR AU X r o i
AT 160 B 4T RO P B, KRR 25 1M O
A, FIT BRI 2.

3 F:TFyEE /77 Siamese network

AT AR R T — AN TR 7 A WL fr
Siamese network T /b FEA S il 1% K5 5 24T
% R R T R IRATREH BRI G5 Fg L KR I 9 T
jEyari S
3.1 R

AT T —4 Siamese network HE4E, HH1%;
TR 1 R, Horh w1 FoRAh T I A & 1 ORN,
Ws2 T AN RN TR IRV 11K/, 7 A 25 1 45 TF 2
2, R RO 1 B BT PCA AL, RSN K,
P o B A TR SR AT HOAR R 3. 120, RN
T T RN 2 TR I, FE2 0 4 B — e 5
J2 I, P e 2 R xS W G AT A,
I 55 AT & 9, i 1R B RBUR IR
4R 6 (5 . 2 S (0 1, FRAT T B
o FRO A 5 R 4T 1A A AT 0L B, 3
75 7 16 46 1 R EE PR, K0 5 S E R 4T AL,
FEEAT 3 J2 A B R S AT HE— 2 2 [
B ot 4 R T AL R SRR 4 K 45

TE 43S AT 45 v, % B 5 2 0 16 R A A BE 5 9 1
SURE AR A P A A TR R A, 2 0 52 6 4 R SR e
KIS, Jitt, 72 it Bt e, TR A6 BR800 25
ST LI, X LI 2R R 1 2K B S,
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[F B, FRATAE B 5 — 2 4 R i e R AIE L AR 1
O [r) B SR U AR L BRI BE B AR N BUA, A R T 0 B4 2k
BRI

XTI RIS (A, FRATE IS contrast loss
H cross entropy loss XA AL BEATAR AL, Fod, X B A2k

Ws1xWs1xK
Ay
— n-
HxXWxK
.
- .
—>
Ws2xWs2xK
N —

b -

HxWxC

\
W\

¥

\

"

287 WS A7

HIN: B4 epochs A N, PCA b3 5 ) HST BG H 0% T3 X, Xo.
A 0 HEA BRI TR b 2 4

BN

1) 383 1) B SR 5 10 G R AR 25 5 (R BURE TV, I IO ZRREAAE N
WG, FIRFEAME MR E.

2) IRAE M ZRREAR R SR T, BTN KA TS BT A T3
HEAT I ICT, SRABVNZRAEAXS {Py, Py}

3) for epoch from 1 to N do:

4) B Py, Py BINBR D AR BIRHE ) & ), 0,

5)  R¥E vy, v, 15 contrast loss

6) if {P,, P,} It Al —FEAR then d o
7 T XK cross entropy loss .

8) JE#IT contrast loss Fll cross en[;ropy loés.%ﬂ Adam ﬁtﬂﬁ%’ﬁﬁ FiA
HEAT AL <\ ‘. ¥

9) endif k% 3 K

10) end for

W BL:

1) AR R A TR 51 HUCHN T 3, A4 KA T B il /N T 3
HEAT B ICRT, SRAFUNZREE AT {Py, Py}

2) for epoch from 1 to N do:

3) Py, Py AL D, B ERHE R & ys, g

4y I arg max(axys+Bxy,) SIS TMFRZE

5) end for

32 KIEEENNSF

PIRTHRERIVEBE, LAY B 4% B 4 3t O e A
B BATBCTE AR R B, W 2 s, B

88 R4 % System Construction

PR % contrast loss, FATER N T FHAN KN T HL A A0 H) 5
Z 1] IR LG BE 25 1 U, 8 I i mT DA 73 A A B
INSCTEREREAS, (R AEAR Y ) IE 6 1 )7 [ 40 A, 58 SR
REAHL cross entropy loss &% 2 43 ISR R EL, +

Predict

BT R R e 92 bR i) 55 0T EE 1 LR R B R

Spectral O
attention i
O
module O
O
O
O

—»H 2 8

O 2 -

g g

: oy 7 3

: \ 1y = © 2

: 5

. Cosme distance base
————— feature vector self-
51m11ar1ty module

1D cblsvolutiot.l I 2D convolution Ml GlobalAveragePooling @ Weighted sum
v

Bl Mg

RN NN T, 183 AveragePool3D HEAT AL EEAE,
BRI WsxWsxk AN T AL 1x 1<k, il it il
BAE G, AT DASRAS 4 R B O B PR P A 4 TR R R
R, B ol 4E FE A5 B BEAT WU A, Sl 43 2 2 AN
BaR R G, PAFGEE R ERAUEREE w, B
AL R w 'aréfrﬁmmwﬁ«r»a%%ﬁe INCEET
RS A B 22 g3, 5 PR K R
HAE. ) \‘ "'
33 SBEARMBLER

MR O MR A S (KR T, A — A

I _ERZ DHOR R e, (2 DA TAERZ
B RS B RFAE 7 () o (10 0 ol 1% 1) B 5 AH 20 3 1)
BRI R R, ik, FATM T — A ET RIZFEE )
RRAE o) B AU ER, T TR R IR 4R fn A\ 2% 1) h AN []
FHABGHEAS o i 2 1) ELAME B DTk

W 3 Fros, K REAT B 4E 5 )RR SR N,

[E v BURS e YAV RS 0 N UB TR U
3%, FRRHTYI ARG O K\ V. ZJETE Q gL
O KRBT R R R I S R TR R
SLERES A RV EATZ AR AR, FRR2E it 4 Rl Soft-
max bR EE 7T UG 2 — M BUCE D AT HIRHE B, 2 )5
WA BBRHER S VAT BRI, B )5 5 IR A\ AT
AR AT A5 31 rvoC [0 2 5 R 4T [ 2 T RO R G B2 K R
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WsxWsxK WsxWsxK
1 1 - Ix1xK 1x1xK WsxWsxK
< O
'1'» '1' — B o T |
e .
13}
Spectral Z
spatial
patch
Spectral attention module
B2 gL » \ \
. - .
- -
Ix1xK -
o 409 %
1111 Cegteivecior
an

2

Conv 1d

Spectral
spatial
patch

Feature map Wex WsxK

£

Cosine distance base feature vector self-similarity module

3 MBE-E

4 SEESSTHT

O S50 4K A A B M I T A TF SRS,
FETUAL 7, ST A B DL RS R S T b
41 BEENE O LS

97 /AT E R L 9O 4 e R,
ﬁmﬁ3¢%ﬁ%§§H§ﬁﬁ%LﬁﬁTFﬁ%i

-

3
%

~

\

0 )
g, B Salieas‘s‘é)\ 'fiﬂ'ﬂiaﬁ Pines (IP) 11 Pavia Centre
and University (PU). ¢ 1 1 H05 45 10 5550
o VLR, O LR S0 45 B9 5 kv T 92
EEIAEA L. IR 1 AT AL, SA 16 N85, Lt
54129 MFEAIP A 16 AN2KA1, 3it 10249 MEA.

PU 4 9 NG, HLit 42776 AMFEA.

R 13 MBS AR O
N SA (2%) IP (10%) PU (2%)

* e Yl e Yl e Hoi
1 Brocoli_green_weeds_1 2009 Alfalfa 46 Asphalt 6631
2 Brocoli_green_weeds 2 3726 Corn-notill 1428 Meadows 18649
3 Fallow 1976 Corn-mintill 830 Gravel 2099
4 Fallow_rough plow 1394 Corn 237 Trees 30064
5 Fallow_smooth 2678 Grass-pasture 483 Painted metal sheets 1345
6 Stubble 3959 Grass-trees 730 Bare soil 5029
7 Celery 3579 Grass-pasture-mowed 28 Bitumen 1330
8 Grapes_untrained 11271 Hay-windrowed 478 Self-blocking bricks 3682
9 Soil_vinyard_develop 6203 Oats 20 Shadows 947
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R 3 MBS SR R

N SA (2%) 1P (10%) PU (2%)

* % W 5 K = R
10 Corn_senesced_green_weeds 3178 Soybean-notill 972 — —
11 Lettuce_romaine_4wk 1068 Soybean-mintill 2455 — —
12 Lettuce_romaine_Swk 1927 Soybean-clean 593 — —
13 Lettuce_romaine_6wk 916 Wheat 205 — —
14 Lettuce_romaine_7wk 1070 Woods 1265 — —
15 Vinyard_untrained 7268 Buildings-grass-trees-drives 386 — —
16 Vinyard_vertical_trellis 1807 Stone-steel-towers 93 — —

Total 54129 Total 10249 Total 42776

4.1.1 Salinas (SA) F#i4E

1A HSIAZAE 1992 £ AVIRIS £ EE
[ A 4% J2 T M (1 Salinas b4 FA 3R, BA
3.7 m WA R, BBRSE R 512x217 ME &R

m, R BB TE RO A 224 DB EEER T

20 A IS IR OK B B 2 Ja, 25 204 ANEECH T
Seat rh . SA HiE4E K14 J% ground-truth B 10 & 4 FTR.
’ L

m  Brocoli_green_weeds_1
Brocoli_green_weeds_2
] Fallow
Fallow rough plow
Fallow_smooth
Stubble
Celery
Grapes_untrained
Soil_vinyard_develop
Corn_senesced_green_weeds
Lettuce romaine 4wk
Lettuce_romaine Swk
Lettuce_romaine_6wk
Lettuce romaine 7wk
Vinyard_untrained
Vinyard_vertical_trellis

(a) AR B K (b) XFRAF ground-truth &
B4 SA HdR& KA KX ground-truth &
4.1.2 Indian Pines (IP) ##i4

55 2 > HSI 52 1 AVIRIS A% 8 2 75 52 [ 0 55 22 4

AHIAIPSALHBAY Indian Pines MBI FEAMY. BRIy 145%
145 MEF &, REEG B E I E 220 MR 78
F W T T H K R B R, 35 104 U B
Fssi . 1P R4 KI5 S ground-truth FEIIFE 5 s,
4.1.3 Pavia Centre and University (PU) £(#E £

35 3 A HSI /& i1 ROSIS 1% A% 75 2 KR IL#E 1)
Pavia Centre and University L Z53k5 ), BB 1.3 m i)
SR, BUE RSN 610x340 MEE 4, KERB
FETEESLE 103 N B PU Hidls 4 B4 & ground-
truth FE @I 6 Frow.
4.2 HIBETMALIE

TE A NBEAL 2 5, FRAT TN R AR TR HxwxC

90 R4 % System Construction

{19 HST AT UL, 3 50 SRS PCA e
A, 16 56 PR RIARBE Iy P, 3ok 1 O
RE W RE S IR AERE 922, C oI P {4
H A, K A PCA A0S PR 1 i3 2. 3l i £ 0K
0, FA i o 8 P (R 60,
K=60. T E 0T LA 208 0 B4, WA S8 20

(a) R el R (b) X Riff] ground-truth
|| Alfalfa Corn-notill |l Corn-mintill Corn

B Grass-pasture ] Grass-trees

|| Oats [l Soybean-notill

| Wheat il Woods || Bufﬁings-grass-
‘ trees-drives

o Grass-pastur&smov}pd B Hay-windrowed
. -
Soybean-mintill ] Soybean-clean

[ Stone-steel-towers

\ n_,r *
\ B 1P MR K ground-truth [

[ Asphalt
Meadows
! Gravel
Trees

B Painted metal sheets

Bare soil
O Bitumen
I Self-blocking bricks
O Shadows

(b) XF M) ground-truth &

(a) YRR

Bl 6 PU%EMEEE K ground-truth &
IS RS B H R EE O MbRidFEA %
TR AR SR IFEAR, A — D RbRd A B —
W hRZE. RIS AR E R EE, PCA A3 5
HAEEUR G ZREEX € RIWHK X = {x1, %0, . Xin1, X},
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LR FLX B AR EER Y = {y1, 2, ym-1,m}, T m
NEBENE, B MERE LI A HX R — MR
A HE. #2YE Siamese network FF NS, AT
B U FEA SR M B IRAT T VIR R B B3 =t
R EA 2R, BN 8] i 2
AR ZE R, AT R 2% 1) LU R R R AR
HEAT IR B, T SRAFINZREE Xy = {x1, %0, -+, xp), Forf
P NINEREEFEARAN L. FEA A O M IITZREE X )
EHOGEHAT A, R THAridZ; ;, HAEN:

7. = 0, yi#yj
" L yi=y;

S R A 0 4, AT 05 SRR 091
Axd, SEF] T B RAG F 1, AT BRI 25 R
HEE B3 — A0
AV E A B3 flag, JHAE 1 REARE A 17
%hﬁﬁﬁ%m'TUMﬂ&ﬁ&%M¢ﬁm%%ﬁ
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1.79%- 0.5% #11.99%. 7E IP #(#i4E I, OA. AA
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