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Time Series Binary Classification Based on Mini Local Features

SHU Wei-Bo
(School of Computer Science and Technology, University of Science and Technology of China, Hefei 230027, China)

Abstract: Among all kinds of time series classification algorithm, algorithms based on local features of time series data
have achieved reasonable results. However, there is still abundant space for improvements of them in time complexity and
accuracy. In this study, we propose an improved algorithm based on local features. It focuses on the property of local
features and put restrictions on the set of local features. On the one hand, supported by theoreti%al analysis, our new
algorithm cuts the size of set of local features and consequently reduces the time and space complexity. On the other hand,
we redefine the criteria of selecting local features so that we can select more discriminative local features.
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(i(A)—pi(B) - Wi >0 1<i<k )
A, wFRRH R (6) BUS IR K AE IR AEW.
WA SCE AR R R (R (5)), BT IE BT
B 0<i<k+1, |ui(A) — i (B) 5 3 (6) 1 B 264 AT 43 P

P((A-B)-W > 0) (6)

TEI L o 2(A) + o 2(B) 15 He AR 5%, T e o 22

FRIAIE B, y -
{EUR A 3 A M, B B3R O 28 e i) LS 18
(3R (6), BUAEAS T A5 000iA) — pu(B) B 9 AT
KAFHE P wi(A) — (B, RFFHEHEAL. LA
P B (ui(A") — pi(B)) ;> 0, RUEA# I/ T 0, FATH
i KA S R A B BB AT . T (ui(A) — i(B))-
Wi > (ui(A) - i(B)) - wr > 0, HAM AL, B BL(u(A’)-
w(B))-Ww* > (u(A) — u(B)) -w* > 0. FARIE IE 7041 145
PE R (8), TATA:
LS’ >P((A"=B')-w* >0)>P(A-B)-w >0)=LS (10)
XFERPIEB T ui(A) — i (B) 520 (6) H 2 mT 43
PERCIEAR G, [RFE 7V 7T LUIE B 5 02(A) + o2(B) X

(6) LML TT 73k R GAAR R, IEARANFEBEA.

EYE.

SE TR 2 JNARFAIE 2 8] F 5% i 0 Kt B 2 R
PEIX — 0 A 5 PR SR AL T G ST, P DAFE JATT 5 Y
kb, SRR 1]y A1 A e BRI 22 1H) 2 e, 3K
ATTAT DA i A T BN ) SVM SREAT 328, T AN FE 75
TR Y RS, X LR 1 I a1 BE.

4 SEVFHE SR 5y sag gk

4.1 FHEZX A
FRATZE UL 28 th o B BLEME AR, iy 3 R

1% 4 R

e 3T TR HARHAE (O P — 4 S0 (B

i \: shapelet length L, binary data set T=(X, Y), shapelet number N,
relaxation factor 7 and /

\

1 \: a priority queue of N shapelet, a SVM classifier

YIEAk: a null priority queue Q, a null set S, a null vector set ¥/
1) For each time series (x, y) in T

2) Capture all the L-length shapelet in (x, y) and put them in S;
3) End for

4) For each L-length shapelet (s, z) in S

5) Input (s, z) and T to Algorithm 2, and get a return value grg;
6) Add (s, z) to Q, and set its priority as grq;

7) End for

8) O=N-length subqueue of Q;

9) For each time series (x, y) in T’ T\

10) Transform (x, y) to a N-dimensional labei[yeétor (v, y) by calculate
distance with shapelet‘ in O by formula (3);

1) Add (v, y)to 75

12) End for

13) Train a' SVM svm in V;

14) keturn 0O, svm.

FIE 4. BT HURBRHAE RN 40 =2 R EE @R 229

i \: shapelet queue O, SVM classifier svm, data x
HiHi: class label of x

1) Transform x to the N-dimensional vector v by calculate distance with
shapelet in Q by formula (3);

2) Use svim to classify v, get a label y;

3) Return y.

42 LIHIEE

RN AL, A% Bagnall 25 A 7EH T 1
J s P PR B . A T8 AR SR 78 T RS O e 2
PEEE LA S AR, FRH T LA A TE 6 E, A
AT ) 5008 4t e A e 5 23 8 SR AE X )
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e EAE AU, Se st B S i A

Ham, KRG IR, 18kl BT 72 28k
F W BB R FR 2, N ZREE 109 AN, MHREE 105 N5
I, BB 431.

MPOC, 4:#% Middle Phalanx Outline Correct, &
HRERE T X OB R RS AL B AR R 1 £ s KA
Wr AN ATTAIT AL A 388 B B, U254 600 A%, k4R
291 M, Bl 80.

Eq, =% Earthquakes, FH A% 85l $2 1 b 75 3 £k
P, FHR AT BN 2 5 A M R A, ik B Tk
IR Rt FR T O YRR 322 ANEH, WA
139 M, Bl 512.

Herring, fiff £ (¥ B A 50 BR, %508 FH T A4 2 FE 1

BIF 5, T8I A 0 B K 7 (1 BF 3 500 ok 4] g e fra e

FIHLIX . YZREE 64 NEUE, MREE 64 A Hdy £l K
B 512. , ¥

IPD, HJJ Italy Power De;nand, BERFNRAFZEE
A FH RIS PR 2040, A [R) 28 01 R I e S e A [R] 2=
FE 1 B KPR 4E 67 4, TR 1029 4, Bl K
FZ 24.

Wine, %1 % B 10 B, S B BRI 7
BT AN [R) R 2 250 . DI ZRgE 57 AN Ei, Ik
£ 54 MR, BUR K 234,

FH TS 56 r A S8 5k B T S B B A 145 7 -1
FLHE R SCHI R, R B AAT S5 2 AU, B T S e 1
B P EE A A2 IR,

43 XMLLEZES5HEZEES

ARSI T shapelet I 740 R E L AT 0 B |

HGH, 8RR TR SR 04 J 8 A A B Y 1)
FEAH, TS He B AR T shapelet (R 43 K B
HIBRFSE, AT b

FS, 1% 5004 78 T A F4Y, 2904 (1955 T shapelet
B 0 ST Y 4 BB A 1, (L AT T 4
R, K BL A 7938 B shapelet'”.

LS, s& H % 3177 A3REL shapelet FIAARF %, @
SHRIRECEIBIME shapelet X — X RRUEL By A i 11, I
FE 0 B T ok =1 2k shapelet, B 4E 35 S H i fe]
TR 2Rt Y,

ST, /&4 F R AT shapelet FII 7 E04E 42
Bk, ‘eIl shapelet ¥ 5 4G 0 # e B RFE =S 8], 78
oI 45 1] BEL 0 0 B P40 2 B HEAT 403K, A B o e

144 4R H % Software TechniquesAlgorithm

) 52 2% B, AEL 43 NS FE T - U P Fry T 4R,

COTE, 72T shapelet [4E R S5 A AR K,
i 7B RIE T shapelet (RS 508 7 28 500k, WAERL T
FrE BRI e B 4 S E, R DY A B B
HH I ) A 2% e v (1, ) b 2 2 2Rk P i 11 1)

{E15—3E )72, 7€ Bagnall % AW L{EH, ST A
COTE AMY 23 T shapelet (J&HEB4FAE) IS - 04 43
FREE A ISR 1), 02 B A I R A Rk 4y
PG R T M, VR T LR 1, ¢\

COTE
ST
BOSS
5.7118 5.0176

EE

DTW,

5.6118

1 R EERVATE UCT By 5 b i 43 Jks e 7 e 41

b, AT 0 3 TR SRR AE ) I s —
oY REIE, B MPECA By “mini-shapelet based algo-
rithm”, {8 59 MS”. MS 2 & FEARII K 1 FToms.

Y
L R ITMS S IUE

L MS fiES

B G
SEFRAI T 1, 7 (3,4}
Shaplets [ L {3,4}
&1 shapelet N5 N {10, 50, 100, 250, 500, 1000, 1500}

4.4 SREMBEXIEE

KT RERE, FATHE F I Fr 73 F 24 X L i
IR AR, B2 S0 BENT B LA S 70 R FE IR A4 0 L,
BRI e fdm gk 2, & 3 LKA 2 FoR.

K2 DFHEEXLE

EAEE S FS LS ST COTE MS
Ham 0.677 0.832 0.808 0.805 0.838
MPOC 0.716 0.822 0.815 0.801 0.897
Eq 0.747 0.742 0.737 0.747 0.871
Herring 0.558 0.628 0.653 0.632 0.875
IPD 0.909 0.952 0.953 0.970 0.978
Wine 0.794 0.524 0.926 0.904 1.000
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i H AR SN A

#K3 RREEHL T

Ko g FS LS ST COTE MS
Ham 5 2 3 4 1
MPOC 5 2 3 4 1
Eq 2 4 5 2 1
Herring 5 4 2 3 1
IPD 5 4 3 2 1
Wine 4 5 2 3 1

Average 4.3 35 3.0 3.0 1.0

09

08

Accuracy

0.7

0.6 |

0.5

Ham MPOC Earthquakes Herring IPD Wine
Data

B2 HED I R A

M 2 LR 3 Hnl LLE R TR IR A 4
L, TR FRIE B 43 R (MS) #ELS T R
(15> NG FE, HF BAE RSO 48 BIe A R B R
SRS A, Ll Herring Al BEq XN 4E. 455
KA, M TFHE 4 A ME T shapelet H 5 38H
v, B TR ERARAE 1 2 2R L R T B W R R A
153 2EE 7. MAE Wine XANRE L, B EEHE T

TAEATHE R B 70 AR, KRB T HAl s i 70 2K e 7). B

T 45 b T3, 5 T 00 R S AE 1 I R 402 1 A
T 4 RO ST I R I SR R S

AP 2 P3RBT LA U5 DU et L 50 43 2
ARAFasE, HA RUE L 3. A2 T, TR
SURHE )49 28500 (MS) B BN E 40 2Pk A,
LR EH TN, AR S L BT R T LA TR 3k
T f PP RO 4 R B AE 4 R B R MR AT, H
B 5 KRR 5.
4.5 BHE)FFEEXTEE

X i A FE4Y, A S AN 46 eager
learning 177 AT 7338, T HLH: 3= 221 B 18] 7 FH 7E 44
oy b BT ARAT S T ] R 4 2K R 1
IR JE). FRATIAE [RIRE B AEAE 254 (M 47 8 GB; CPU: 2.5 GHz)

J AR (0OS: Win 10; platform: JAVA) #E47 5256,

BAREIE IR 4 K 3E 5 Fin.
R4 BFEVEFEXTEL (AL D)

EAETE S FS LS ST COTE MS
Ham 182.8 883.5 51.1 2.8E+05 8.0
MPOC 14.8 133.5 1.3E+05  2.5E+05 369
Eq 1.3E+03  1.9E+03  1.5E+03  9.1E+05  110.2
Herring 118.4 678.8 15.3 1.8E+05 7.0
IPD 0.1 99.1 16.7 88.3 0.5
43E+04 1.5

Wine 5.1 111.1 11.2

T\
5 mhHEE RS X HE (R )

iEE L FS 1S ST COTE MS
Ham \ 3 4 2 5 1
\ MPOC 1 3 4 5 2
4 Eq 2 4 3 5 1
Herring 3 4 2 5 1
IPD 1 5 3 4 2
Wine 2 4 3 5 1
Average 2.0 4.0 2.8 4.8 1.3

MR 4 F1Z 5 Fa] USR], B 7 MPOC A1 IPD
XA EAREE A, FE TR SRFE (173 2850 (MS) 78
ol 2 Kt 2 B0 AT e/ B TR TR4, 1T £ MPOC
IPD X AN EE 4 L, AR T FS IX—53k, (/2 FS
7E MPOC F1 IPD b f Rk B2 328 AN G 25 T B3l B Rp A1E 1
I 7 00 2y . FRAh 64 5 R R HER, FATTAT
CAA RS S8 4 AT H S ARER R 8 4 A
JE ORI B, 5 4005 S A AR N PP dls oy R SR B
SRR AR L T

.-
5 ZhiE

AR SCER R 2 1 R T SR SRR R B 25 43 28
HHAETE IR 1) 85 Bk K, 78 78 0 (0 BRI AR A RSB T, Al
JFE) 0 ik % 32 4., VR B ) ) M T A, A8 P B R R DA
JOE A iy A 4 TR BT 7 2 s F g AL A
Wi 1% FE TR AR A I R 23 R SR R S IR B
PR FR I R4 () 43 5 M B AN R) 14 g . J8 ek 56
Xof B, L IE B 1 0 2w B 7 AT P A7 TE 8 53 2K B
ANJE VR TR) 4 I v &5 1) A AN 1 TSk

S 30k
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