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Shapelet Representation for Multidimensional Time Series Based on Long-term Attention
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Abstract: Multidimensional time series data are widely used across various ﬁe“l_ds, and their effective representation is
critical for subsequent analysis and mining tasks. Traditional shapelet transform methods extract features by projecting the
single-dimensional time series into the shapelet space and then fu‘siﬁg them without considering the complex coupling
relationships between different dimensions. Moreover, the restriction on shapelet length hinders the acquisition of long-
range dependencies on sequences. To address these issues, a multidimensional time series representation method, CDT-
ShapeNet, couplingboth dimensional dependencies and long-range dependencies is proposed in this study. In this
method, the dimensional information representation module captures the dependencies between different dimensions
through a dimensional attention mechanism, while the long-term information representation module learns long-term
temporal dependencies using an attention mechanism and a long-short-term memory network. Experiments conducted on
nine UEA datasets show that this method enhances the average accuracy by 6.8% in comparison with other methods,
validating its effectiveness in multidimensional time series representation.
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BT 7% MLSTM-FCNs' U700 LSTM. A1 45

SR FH T 5 7 SRR UK R BE 25 ST R B )7 4% 1 A 3
A 26 2 SR BURFAE . 505 2 31 300 32 L 1 — A 7 T MF_
NETE, 2 5 44 TE 8 F AU 55 B 2 2 A 45
T8 20 -4 R -2 16 PO e A
33 LIRE

9T VEAG I ] B FEAE AR S, K5 %A 7 1
T 43 2AT 55, IR FH 43 ST 2 AE AT k7. $cm 4
TSI H 2t — (L AL B, Y1254 5 A S 0 R 4 5
TR AR A5 P — B 930 8 I AR VBN 700 %6,
IR 5125 1E-3 (1) Adam B AE 8834 1R 4L, T
49| Zit 74578 NVIDIA GeForce RTX 4090 GPU |
HEAT. LA, S (A T A LK A
Lo BB KU ) e SR VAR B, LA SR
B ERERE.
34 LR

KT RAE AT, £ 2 JBIR T A S H
J7I5TE UEA ff) 9 AR 1105 R B R LL A5 5. i
%2 BURETTLAE t, 9 ANHUOR A, A8 e Ferh
8 AU AE L HIHUAG T B4 R R TE Cricket.
FingerMovements. HandMovementDirection . Self-
RegulationSCP2. StandWalkJump Fl UWaveGesture-
Library 20 il 911 K504 8 e 2 10 Bl 2 A0 TP
%t B 7. £E Heartbeat 1X /N 1R] 7 1) 4 2 4% 22 150
$RAE I, 42307 HU T WEASEIHMUSE 753, 11T
A0t b B RN, 4 7 e R 5 AT b, 25T 6
7 v b i RiT9%9 ShapeNet, 36 P IHER 2y 66.6%,
A 7 RAEF] T 73.4%, HUET 0 7 iR B 45
BT 6.8 NTT AL HE— BRI T A Sy e e P
A F A S 1A 506 28 7 TG (1045 280k B AR T
T A SC A A N 1 5 9 2 40 o o BE AR 0B K A

R E BN BELARI S £ SEHUN 7 2 SURFGE. TapNet ™) BUTTA L.
.
* 2 XFHhszig g R

HAm s WEASEL+MUSE™  ShapeNet” DTWI” DTWD® MLSTM-FCNs!"?'  TapNet' MF NET®”  Qurs
AtrialFibrillation 0.2 0.4 0.133 0.2 0.267 0.2 0.4 0.467

BasicMotions 1.0 1.0 1.0 0.9 1.0 1.0 0.825 1.0

Cricket 1.0 0.985 0.979 1.0 0.986 0.917 0.875 1.0
FingerMovements 0.5 0.58 0.570 0.5 0.55 0.44 0.53 0.62
HandMovementDirection 0.270 0.284 0.311 0.203 0.338 0.419 0.568 0.649
Heartbeat 0.776 0.737 0.649 0.678 0.712 0.615 0.692 0.746
SelfRegulationSCP2 0.594 0.578 0.533 0.539 0.528 0.489 0.533 0.616

StandWalkJump 0.4 0.533 0.333 0.2 0.467 0.2 0.4 0.6
UWaveGestureLibrary 0.909 0.899 0.869 0.903 0.872 0.884 0.862 0.909
PR 2 0.628 0.666 0.597 0.556 0.636 0.574 0.632 0.734
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3.5 jHRhSCIG
3.5.1  HEEHUHRLET A

T RIEFE 3 AN B K B R (] R 81 SR AE 1 5 0,
B AL 36 RIS AE. H P Ours-nL &R 2B 7K 1
5 RRMEALL, Ours-nC Ron LR T 4 (5 SR
B, Ours-T R B4 (5 B RAEAHE 40 K H 5L (1)
Y g TE KT HFE. Ours-FC £ RHIE Al &
B &R

SRR RN 3 FoR, R EEE T UE Y, 242
B 7 KIS BRI AN G 5 DR ARG, WA
FIH PN . X R, FERAR T, BE R R
JE 2 IR G &, 075 5 KRR R, E—0
H, R B AE SR AR B oA RS (1) Z24EEK0TE
BRI, S R ROR, e (S B R AE AR 42
A4 P MR 2 07 THT LA S 4 OR. J I X HeOurs-FC
A1 Ours [¥15256 45 3, Efmgllecff;‘:iﬁﬂﬁi%fmﬁ Ours-
FC, Bl 7 4FAERll-E B LERFIE R & b i 240k @ v
RS IG AT 0, o R (S BRAEIE . KIS B R
FVRFE Rl A J2 3506 1 22 4E I 18] 7 51 R AE S BE .

R 3 BRI R SRS

K4 PURREOT HAER R AR

Btk U L BUR KEE PO HUR BRA IR
AtrialFibrillation 0.333 0.333 0.4 0.467
BasicMotions 0.975 1.0 1.0 1.0
Cricket 0.972 0.986 1.0 1.0
FingerMovements 0.59 0.62 0.60 0.62
HandMovementDirection 0.554 0.635 0.594 0.649
Heartbeat 0.682 0.73 0.72 0.746
SelfRegulationSCP2  0.53 0.54 0.6 0.616
StandWalkJump 0.533 0.566 0.6 0.6
UWaveGestureLibrary 0.863 0.884 0.894 0.909

HEse Ours-nL Ours-I Ours-nC Ours-FC  Ours
AtrialFibrillation 0.4 0.467 0.4 0.467 0.467
BasicMotions 1.0 1.0 1.0 1.0 1.0

Cricket 0.986 0.958 0.819 0.986 1.0
FingerMovements 0.6 0.59 0.53 0.6 0.62

HandMovementDirection 0.418 0.405 0.378 0.432  0.649
Heartbeat 0.741 0.732  0.689 0.746  0.746
SelfRegulationSCP2 0.572  0.594 0.594 0.594 0.616
StandWalkJump 0.467 0.4 0.533 0.6 0.6
UWaveGestureLibrary ~ 0.806 0.7 0.738 0.875 0.909
T HER 0.666 0.650  0.631 0.7 0734
3.5.2 PR RBOH R 5T "X

9T PG B B O R, ASCHEAT T
RS, 4 M SRR . AR LB, KR
U458 2 RIS B8 4k 6 10 BT R 12K 5 M0
4 PRSI R : R U AU F o SRR R, At
G35y 2 B BT R B, LS AT AT R ISURRASE 25 o 0o 2
T 35 Y 95 2 1 35 o N 24 R AR R AE A1) T R 2K
FHF A S 0 4 2 1 0 0 %o s K e a5 5 S 51 N
B I K SRS £ 0 45 2, AR B P 0 KA A
s B0 A5 T ) e 4 4 P o a4 2 R R 0 85
%, SRR g — R AL M ARLRGAE, 42T % S 4 P
N6 L ) B A RSBt SR L3 4.

102 Z%i% % System Construction

YR 0.670  0.699 . 0712 0.734

2 SR, I SR A5 M 7 5 2
AR 55 I REAS A&, JGHE 2 78 4 B 22 sl O% &
[ E‘]‘iﬂl?}f?% (fl[] HandMovementDirection 11 Heartbeat)
I 2, WER TR 1K 55.4% 1 68.2%. HINZEfE
R, BERIE K 2 B E R R B
&7+, 40, 7€ HandMovementDirection _[ 2 & %] 63.5%,
7F Heartbeat )\ 68.2% $&T+E] 73%. iX 52 K 2 & v
O R A BB T AN [F) 4 B TR) () #% & R, 190 1A
R PRRAE AL B8 7. SR, TEAR4E B 48 (W0 Atrial-
Fibrillation) H, B T4 55 ] 5% & {87 5L, 12400 R A E 8¢
NA R,

KA O AR I 8] 7 F1V K 1 e £ E AR ILT
R, BN, 78 Cricket 2054 b, #ERIZE M 97.2%
FF#] 100%. 7£ SelfRegulationSCP2 3 4 b, v
I\ 53% $THE] 60%. XL Fhak ], WAL b0 Bkl
o ol AR B T L 0 4 e R ek, AR TRY i 0 O v SR )
CIP=Y: LV S W‘T‘fﬁ TEFPH) 55055 BN [A] AR AS I 225 (1) 2
PEEE (i BésicMotions) R T AT H R

TR ARG A T AR O R R IR S, B
ERETE T R B A SR 4R B vERE. 610, 7E Hand-
MovementDirection | R IE = 2 64.9%; 7E Heartbeat
R RIL F] 74.6%; [ E Cricket F1 BasicMotions
HR YR R IR B 100% FI B ER T

K 2 s T BCE TR it 48 (FRATTLA Cricket
AR, FHREARERREL, CAIIZRE IRAE R A4
b, AT A B B0 285 SRAE A AR, AT BE 4F Jg 7
25, Y SRl 2R e DU R AR S RS R IR, I E
ToPAR, Bt AT LA 2k Re g Ak B k.

SaG gE IR B, BEA PR RR S A RO 43 25 H e
FIRFAE 22 21 H AR, 78534 B2 4 55 A 1) _F (1 52 2% 46t
WP, T S5 3 B A TR XoF 22 A N TE) 5 ) ) AL R
HECA R B ISR, IXIGAE T 40125 R A0S T H 1 A 2R
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e B AR R R 5 P w0l
3.6 FEAMR 35 |
3.6.1 HEEEN 30 |
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NIRRT E WU S RRAE T R, & & 25
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SO FEVE R JIHEFE A gy 34T T TR 23 HT, AER 201
FUAEAHAE 2 YIS 8] 3 27 v 248 52 TR) A% 5 5% 2207 TR RSCR. =
. — - — B N 1.0
W 3 pros, O EIRER T 9 MBI A R 4R 2
\ , s s _ U
W 0 T 5 e, 20 R 27T 5 3, SRS E S T T ————
KR BRI = oA, AT LLE AR R ) B dn e I8 T
73 FCAS B - OO B 4 2 A AL B 2 sl Ze el
0.8 : ‘ \’ oF 0.8
0 0.7 0‘3 1t '
0.6 0.4 at 0.6
5 0-4 02 =3t 0.4
! ML 0.2 4 0.2
0.2 5t
0 g ¥ 1 2 3 4 5 0 1 2 3 4 5
(i i i
(a) AtrialFibrillation (b) BasicMotions (c) Cricket
0 0.12 C 0
3 - u (1) | 0.8 6 0.8
6 = 0.10 oL 0.7 ﬁ " 0.7
9 3t 0.6 i 0.6
12 -1 008 il 05 w20 4 05
£15 = l 006 &5} 04 3.l i 0.4
21 | 0.04 ; - 0.2 48 L 0.2
24 -I 0.02 ol 0.1 saf 0.1
27 = m g == . e, . . N P CER < B .
0 3 6 9 121518 21 24 27 012345¢6 7289 0 6 12 18 2430 36 42 48 54 60
(d) FingerMovements (e) HandMovementDirection LY \ \, ' (f) Heartbeat
0.7 .
0 06 0.7 0.7
1 : 0.6 or 0.6
5 0.5 0.5 0.5
2 [ | ;’:, g.: St 0.4
4 .
: 0y o 0.3
. ol o1 oL 0.2
0.1
0 1 2 3 4 5 6 0 1 2
i i i
(g) SelfRegulationSCP2 (h) StandWalkJump (i) UWaveGestureLibrary

3 YEEER I IIE

LA FingerMovements 48 48 25491, i % di 52 A Ay
28 ANYERE, HorbE R AR R R YRS T R A ORI B
55 H A AE BE R E A0 AT 22 e W 3. RRWIYERE 7 5
T EREENGEE, B T 5 s A, iy e
YEJE 73 IC S 2 A, VE R IHLE A A T IURTE B,

M T 28 2 2 18] B 0. 3 At ) 7 16 i e 18 A
PSR B % B A R AE R, TR IR T KA.

Be A, = L] B h 2 IR 1 L e 4 B 4
(11 Heartbeat 1 HandMovementDirection) H Ji 4 5 ZE.
B, 1€ Heartbeat 71, 255 [A] (R AH G 22 5 0K, ThiE
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B R e 0 AR B o I B L B A R R,
8 B A P {5 LB M LT R 4 P D I R A (o
AtrialFibrillation) H, y3: & J AL FIAE F AR 50N,
DG P A B AR OC R A TR L

ARG, TR IR B8 A R 1 2 4L
6] 3 50 Hh 4 B2 2 (R R R A 6 K &R, B R @it 3 &
Ay T 3 SRR R IA RS A M. A7 B AT A
PG REIAIE T 4 BEVE R INLHITE RS TURYERE . R

JERAE BT TR E AR, MO E— DR T TR AL X
52 UERT A 7 51 (M RAL AR
3.62 KEEE

NISAIEE B AP E KRS BRAE P /R, A5
S i R AR B A M RCE 4,0, #EAT T AL S
1, DA ZR FCAESHAR I 8] 7 1) A KRR R0 5% 2 77 T 1 2%
Rl 4 FoR, SOTE R T 9 AN AN [F ]
AT FRIAE S, B R SR 7 B[R] 2 AL RH S T .

0 1.0 0F - 0 i 1.0
ol ! | 0.7
sl 15}
st 0.8 0.6 K 0.8
27r I 10}t 03 \ L
ic 36 + I 0.6 4r i 45 0.6
=45t | E ISt 08 =
Z 54l : I 04 E | 03 &0 0.4
63 I 02 75
72+ 1 . 0.2 25 01 90 b 0.2
81+ :
A 0 | 0 105 R
0 9 1827364554637281 3 0 5 10 15 20 25 30 0 15 30 45 60 75 90 105
[, W i 8} I 1] A
(a) AtrialFibrillation ‘ (b) BasicMotion (c) Cricket
h i
0 - 1.0 0F 1.0 0F HE R
or I 0.8 3r 0.8 >l I 0.8
. . [ | .
12t J 6t 10 I
i 181 06 = 9} 06 = 15} 0.6
= o4l 1. E | =20}
E30f - 04 E& 5 04 Eosi 1 o4
i I 30t I
36 02 18} 02 .| Hoz
ol ol 35t "1
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0 6 12 18 24 03 36 42 0 3 6 9 1215 18 21 0 5 10 15 20 25 30 35 40
B i 1] wpEE
(d) FingerMovements (e) HandMovementDirection (f) Heartbeat =
s :
0 i 1.0 0 - 1.0 0 = 1.0
12} sl | \ \ 34
2u | 0.8 I 08 = 4l 0.8
36 | 16 f= ol
i o4l 0.6 i 1 0.6 it g, 0.6
E 60 E 24 I = 15
»l 0.4 2l | 0.4 .| 0.4
841 02 st | 02 2Lr 02
96 | v I 24 |
P S S S M. 0 48 |k a ", ' ' ' ' 270, . B
0 12 24 36 48 60 72 84 96108 0 8 16 24 32 40 48 0 3 6 9 121518212427

i1
(g) SelfRegulationSCP2

I ]

(h) StandWalkJump

I ]
(i) UWaveGestureLibrary

4 KREEEHIHRIIE

LA AtrialFibrillation #4852 9, i EHE &£ A 2 4
HEE H AN 640 AN ] s, TEAS TG BN 32, BRRE
B 5 ANEFIE A, AT LAfS 3 87 ANia] fy, HAp g 7 AN
) R EE 51 AN TA] B A5 B AH ek i, 5 LA 1) A 1)
B o3 A7 22 7 3 X R BX A B 8 7 A
BEAE R, DR I T B v R I A L
RTHICGE 7 AR ) R GE ST AN TR ) 1)
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MR R 2R, of EEL LI (A F) 5 S R AR AT 8 o, XAt
P 38 B R 1 A5 7 2R E 0% T AR R AR M, R T
IrRPERE.
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BB 53 A 2 4E I 7] P 41 (R AL E
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BT 22 2 8] 7 51 RAL &S TR B AR RETE 75
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TR & 1 4 PR A0 2R M R RO 5% 2R I 3R AETT V%,
BE— B Y24 2 Y 18] 37 51 (O RFAE, JF I8 SEIR 98 E T
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I 25 4N 18] F7 51 R0 25 4 P 2 1] I R R A8 A5 K
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