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Time series clustering method with label propagation based on centrality

LI Hai-lin', LIANG Ye
(School of Business Administration, Huagiao University, Quanzhou 362021, China)

Abstract: In order to cluster time series automatically and describe be the structural relations between of time series in
more detail, this paper introduces the community discovery method to study time series clustering. According to the ability
of the label propagation method which has limitation of uncertainty in the process and the sensitivity of the algorithm to
the network structure, a clustering method for time series with label propagation based on centrality is proposed. Time
series network structure is built, each time series is treat as a node in the network, and an updating order of labels is
obtained according to each node’ s centrality. The membership degree of each node belonging to each community is
computed, and the community is divided using belonging degree and label propagation, so as to achieve time series
clustering. The proposed method analyzes the connection relationships among time series to find the structure features in
the Euclidean space, thereby achieing the valid division of space structure. The experimental results demonstrate that the
proposed clustering method does not need to determine the initial cluster center objects. It not only can detect simulated
data network and real social network, but also obtains better results in time series clustering.

Keywords: label propagation; time series; clustering analysis; community detection; centrality degree; data mining

DOI: 10.13195/j.kzyjc.2017.0877

0 5 T

E IR 18 F52 2 5005 08 AT b B 1) 0 T LA st
R SR 7 B B 1 9 R 121, SR et B KL 435
TINS5 8 AT 25, () P 1) P 50 AR DL o i 0
SYFEIR I R 5 31 2 8] 1 425 g 5 . 52 2% I 4% S —
K (15 90 T LS, s SR A 225 7 X R A 4 5
HEREAR 2 1] (15 25 SR, I 52 2% 0 465 1) 407 7 1
S S 165 9 B0 O A 6 T AR AR 160 75
A JEHIF 5 SCRRTST e, k5 43 T A 0 3 4 B 1) 51

Ytis HEA: 2017-07-04; 1&[E HEA: 2017-11-02.

(I BT A Bl s R — S R AR R %, A SR 2% 2% 23 #r
SRHIE FEAZIN 8] 2 1) fRRE . TR1 e, oK — 2% I (1] e A
N NIRRT R, A 2% F T RAE TR X R 2[R
HISC 2R, AT OAAR SRAIT FUHR Al BT R i o) P 21 e 42
JEALA.

A DX G5 ey 2 52 2% R 4 ) — A LR AR, T I (]
PR RRITE IR S “ A X 25k " B EH 2 MR Z
A, B[R] e B (RIS 18] e S SR A AR
L), 57 451 AR ELE R B G AR I (8] 2 81 2 A AR

HEWB: EXEREIEREETH (71771094,61300139);  fR 4 SRR £ T H (FI2017B065); #RE4 =
SRR AR T AN SRR R E (Z21625112).

EE R IR (1982-), B, RIZER, W, WSEHERI2HE S P17 S 50T 5T

A28 5 < A 2 BRI AT,
VA IAA/EH . E-mail: hailin@hqu.edu.cn

PR (1992—), 2z, B4, MEEE



%117

ZEMARE A TP ORMNMRE BRI R LS A 1951

ZFER)” . K2 SCHR A K BR 3ET7VE 9 K -means
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. g 1Z AL L 2 8] Fr 51 SR 500 Hr, RE s TR 2
SN 3K VTR T8 P 371, £ P e 1) e 47 2 1) PR A J2 A
&, BaEE] “YLISER” RCR.
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HiR1l WBARHREE.

BN G(V, E);

T AR AR L

Step 1:¢ = 0, WIAE A 28 o B 45 R I FRAS, &
X R 2, A Ly(0) = @, L () FoR 9 i o 725 ¢ IRIE
FOSFE PR 2.

Step2: X &t = 1.

Step 3: BENLHEFT W48 15 5, 15 2HE T J5 10715 4
V.

Stepd: £+ X AT He € V. AL,(t) =
f(Lw(z) (), Fe 1 Nb(z) 45 s o AT HEE R4, (1)

PR B0 7R AR E, RIVAR 18] Lo (¢) H HE B £ 22 1)
FR%s.

Step5: & L(t) 5 L(t — 1) M5 (L(t) BRHE IR
BRI ER), HikiF b, Rzt = t + 1,1 H
Step 3, HiL 4k 4L,
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RES AT 3, IR Sun S0V 5 H 1R 3029 4H 9% 1
SCUA B Hp B T H SR 5 R A BT s R0 8 e
A G(V, By w) kR R M4, Hod: V RoRT A
8, ERNINE, w R BCE, BUE w L1 KR
oI E 3L

EX1 TEAAUE. BELHMEGV, E,w),
FT w5 R 2 B Jaccard AHABLEE

_IrwNre) 0
[I(w)U T (2)]

o () = Nb(u) U u, Nb(u) 674 1w 4848
C

EX2 FE AR 52 KR R
AN B, AR T ] B o T DB AR D T R AR RN
T 1% RUAE M 28 o B A AR, R R i T

k(u) = Z w(u, v). 2)
vEND(u)

Hordrw(u, v) Fm T Klu 575 flo L BLE, fEAR S
BB 1, B e (u) AT AFRIR A k(u) = [Nb(u)].

sim(u, z)

EX3 R AT € V,ulf R
BN
_ k(w)
plu) = 7 3)

Horb N RR M Gt N AN AL
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FEARHE FND () 1, JR B FE B p(u) BRI A5
T s u AR N
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m.
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N w5 AR R L, R T p(u) 9 B K I, B
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J& 6, (v) 7R R0 X7 mlu B FEIEAR L, TH 35 50N
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0, otherwise,

0(v,c) = {1, label(v) = ¢;
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Step 2: ¥4 6, (v) AT FE P HESI;

Step3: & H T Mu 5T v € Nb(u) KR
BEAFEN R ERSEE L

Step 4: £t XJ 15 7€ hr 2 5 & L IR %5 ¢, F
H @) TR v FAJEE b(u, ¢);

Step 5: % H¥ ¢, = arg rgleag(b, (u, o)) VENTT Rl
Hrbras;

Step 6: B & T' X Step 3 ~ Step5, 1S5 K.
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bR 2845 DL B 7, B AT 13 bR %5 4t —. 1E Step 5
Y R AR A A B K s N, o B AL %
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HIRE WS E A L2 0 [P HUE, 1IXF0 k1 43 7 X RE
S IARAT BRI 43 R &5 L. SR, LS 4 2 ) 2% 3 A7
FEH B 4L X, AR T HdE kil 4
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/NF (KT )e BB ] 31 2 18] @ 7% B2 5K R, Ferreira
2101 F5 ) o-NINAA) 2 (19 N 1) 3 1 9 285 (1) 5 S8 80 R AR
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3. 4) LPCH 8] 7 51 2. 1 18] 3 471 X 448 A 3 5 Jl 2.
J&, M FH LPC Xt i 18] 7 51 i S ik AT B8 2. AR 7%
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24 BIEERE

TLPC 535 (R 18] &2 2% B Bk 14— 25 BR (1 i
() 52 2% B2 B 50F m 2K B2 LRI 1) 40 48040 4, b
{HE AL B R B I 1) 52 2% O VR, B O(nl). A
PR R B 52 B AR AU B 2 S s, ) G, R
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FIABE (1) 15 5520, max e 4k X f R HRE (1) 17 A4 s
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max c = 200. HJFEIHEHE A LPC A X Rl 4 &5 5
1 7.

B 1(a) A1 1(b) 43 51l /2 5 5. 50CA 100 F1500 f A
T8 i 4R, B 1(c) AL 1(d) 9 Sl A2 19 2H i 4
LPC (141 [X 2 B4 5L, AH [R] 3 €2 (1) 755 5508 R — AN 4
X. B 1(a) BIEHE S 1 3G 44X B 1(e) B RN
T LPC REMS 1 fff 1 IS B (1) 44N #E X B 1(b) H 5
UEBARAFAE 6 4L X, LPC 53k vl K JR UG Bm &1l 4l
8 AN X, A A AN AL X B 41 43, X P4 49 7T DAAE —
SEFE P A T Bh A2 0 A DX 1) P9 3R 45 4. i an 7E
JE ST e, A FAT Ml ) B S — Mo 2 IR AL IR 3
TEA AH TR LN F AT REAA AR M R AR, BE
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IR T 3 B — 5 TR AH IR K 01 TR R A AR Ok
Fa. N4 34N L T8 Sk IB AL R, T A A 4
FRFZAE R B A S L 2 TR AR SRR 2 A AN A
KR, A, Z AR SR S I 42 2 5 0 2 1119 23 B3,
SEOZAR IR ERI 73 AW BUAE, 7371 R R SR EEAN
P& e

B2 45 i T Karate 205 42 J5 46 W 45 LL & LPC 5
X 1% P 4% (A R 0 AR . A S b, T R RN SR, T
R34 RN B B X SR L 1 s R R LPC A
TERIAY (A DX, 1 A B R R SR UG B AL XL 2%
5y %, LPC BEW 1L ff MR X 95 >+ X R B Rl 7. 5
A0, AT DUIE I A s 1 rh ot BE R SAE X A
i, AR 1 RO B RROK, X T s R T RE R A2 AR
ALTIRRZE. B0~ A1 1 FITT £ 34 1R H 0 AR K, Uik
REME R L BR AL 40 5 2 AT 715 .

2 Karate RIA BB R LPCXISER

32 ETFHOEREAENEREKESR
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distance, ED) il DTW!Z!, faj # TLPC-ED #lI TLPC-
DTW, }5 K-means. 1 5% (Spectral clustering, SC)+
HUEE IR 2 B S (HC-DDprw )24 BA K LPA #EAT 5T LG
256 S2E6 % F Rand Index A1 Precise®! i Fi fi b i3
AT KL, 1 — D50 UE TLPC A R 1. 4 5245 8
R 1R,

*1 HEFIBEEER

D aw FON NGER KE
1 Arrow Head 3 36 176
2 Beef 5 30 470
3 BeetleFly 2 20 512
4 CBF 3 30 128
5 Coffee 2 28 286
6 ECG200 2 100 96
7 ECG Five Days 2 23 136
8 Gun Point 2 20 150
9 Italy Power Demand 2 24 24

10 Mote Strain 2 20 84

11 Olive Oil 4 30 570

12 Sony AIBO Robot Surface 2 27 70

13 Sony AIBO Robot Surface II 2 20 65

14 ToeSegmentation 1 2 40 277

15 ToeSegmentation2 2 36 343

16 Two Lead ECG 2 23 82
Rand Index (RI):

RI TP + TN ©)

~ TP + FPTN + FN’

TP 6 H 2 20IE 1, 267 )2 51 £ I 60 3 5
E B 4 5 ] — A58 o 0/ 5 TN 8 0 2 SO B, 22
SRR 72K 5 1 8D 3 51 T 7 43 B R 5o £ 4
S FP 351 2 8 L1, 287 R 126 50 0 P 91
S 4 SR [ 9/ FN R I 09, 2
R R4 59 (49 B P 1 5 0 53 B R — A
AL

Precise (P):

P= ; % x _max  p(H;,Cy). (10)
sopsp(in, ©5) = VO et o n e
U R, m N ] FE 91 0 484K, ©, R 38
N, H, A B d O T R U, | - | %
RGN R R

SR (419 1, < B Ko /IR 25 0 460 A 2, B 24
SO F R, 5 ¢ A, US04 4 6] 9
Sy SR, KN IR B4 BCRIAR 224 e,
T 45 £ T B SO, A SO R IR S,
S 94 o 00 Y T A /B B8 040 8497 g
S e, 15 S BE BT < BRI 505 £ S 1040 B
. HIT R R4 1 B 2 1545 TLPC F K2 SR
— 3, R T 7B R B SR 45 L, 7£ TLPC-ED #1 TLPC-

DTW (15256 H, fa e K BUETEEIA [3,n — 1], H4AE
KP4 iR 5 R IG R AR 2 50 H — 8 NPk SR 28 45 1
5 FAth 7 vEREAT PO (B AR B IR, X B 7 i HC-
DDprw i B2 5 FHACL I B 7 V45 8 S8, S i b &
i e 0.1, B 3 Fion i) /& CBF JR 4R B4 4 1VE 15 LA
JFIF TLPC-DTW 5t CBF %4 42 31T 2K U

v
o/ My

29
e

(b) CBE [#] TLPC-DTW %4345 5
3 CBFHUBEETLPC-DTW BEHR

M 3(a) 7T LLE H, /27 8 CBEEE &2 3 ME A
(1T IR [ o 210, %6 2 A 7 TR 1 R B DR 0] IR B[]
FF4E, B 50 (8] 77 51 F L AE R AR I ID R, A
B 3(b) AT LA B, B39 AT K B 8] 7 B0 43 D 3 AR,
H B A B 1) SO, AR TR B 1 4T s R o
[F] — Mg BAA T A 3(b) Y SR 2R 5 31, 19 /3. 6 A
27 RNy B T AR L X 3N RS TR
T RO B, W A 3 O R RN 4
26, 28. 29 1EHE, K IZ AR Hh 0 BRI R RE % s

&, TLPC-DTW M B AF (I 1] 7 51 5 2R 2R, HL
B 10 38 3o 09 2% 71 30 s s i) P 1) 2 i) 4D 2 ) O 485 A
SR L. B e s 25 R 5 R — AR N R R,
A ST R 2 5 AR SURE, X R S L



1956 # % 5

xR ¥33%

AR Z HoAh %
AR

Ty b, 2 FE AT AN [R] PR B9 B & 7 75, #% TPLC-ED
MITLPC-DTW [ 3R 245 B 5 HoAth 4 Fh 3R K T7 kM &5
SEHEAT Ee . Herh, R LPA AR 9 S8 2507 VR, AR WK

RUIARZE, (H I AR BB T 4R 2

PRI 2 R Ay 4t K] 8%, ) 7 DX 2% 119 757 055 TLPC-ED Al
TLPC-DTW HJ#H [A]. [A] &}, TLPC A1 LPA 777k R AN
KE¥ P A F IR RS R, U A SRR R T
RIFN P [F33MEAE N TLPC J7i% SRR R, HARSL
fEEE R WK 2FIER 3.

*2 AEEBZEFERIRand Index 5 R

ID Bk TLPC-ED TLPC-DTW K -means Nel HC-DDp 1w LPA
1 Arrow Head 0.6652 0.6260 0.6524 0.6397 0.6540 0.7016
2 Beef 0.726 1 0.6679 0.7747 0.6575 0.604 6 0.5655
3 BeetleFly 0.5132 0.5138 0.5211 0.4789 0.4947 0.4737
4 CBF 0.5823 0.7880 0.6345 0.5149 0.3816 0.5034
5 Coffee 0.5844 0.5099 0.5767 0.4921 0.5238 0.9286
6 ECG200 0.6740 0.6402 0.6315 0.5679 0.6018 0.5287
7 ECG Five Days 0.5281 0.5565 0.4783 0.5020 0.5257 0.4783
8 Gun Point 0.6502 0.5550 0.497 1 0.5102 0.497 1 0.6220
9 Italy Power Demand 0.8846 0.8423 0.4980 0.506 1 0.5115 0.6870
10 Mote Strain 0.7231 0.6421 0.4737 0.4947 0.6632 0.4737
11 Olive Oil 0.6504 0.6274 0.685 1 0.4989 0.570 1 0.7195
12 Sony AIBO Robot Surface 0.5711 0.5579 0.5211 0.6053 0.5579 0.5211
13 Sony AIBO Robot Surface II 0.7028 0.6330 0.7379 0.498 6 0.601 1 0.686 6
14 ToeSegmentation1 0.4969 0.5003 0.4872 0.4987 0.4885 0.4872
15 ToeSegmentation2 0.604 3 0.5741 0.4873 0.5111 0.5000 0.4857
16 Two Lead ECG 0.5170 0.4902 0.4783 0.596 8 0.4783 0.5257
MEAN 0.6296 0.607 8 0.5709 0.5358 0.5409 0.5867

#=3 TNREBHITEM Precise 45R

D G/ TLPC-ED TLPC-DTW K -means Ne HC-DDprw LPA
1 Arrow Head 0.8348 0.6278 0.6389 0.6111 0.6540 0.6391
2 Beef 0.5231 0.4333 0.6333 0.4000 0.4333 0.5083
3 BeetleFly 0.6250 0.6312 0.6500 0.5500 0.6000 0.6498
4 CBF 0.6256 0.8103 0.6000 0.4667 0.4333 0.4667
5 Coffee 07113 0.7708 0.7143 0.5714 0.6429 0.9643
6 ECG200 0.790 6 0.764 6 0.7600 0.6900 0.7300 0.8100
7 ECG Five Days 0.6522 0.6913 0.608 7 0.6087 0.6522 0.6087
8 Gun Point 0.759 1 0.6635 0.5600 0.6000 0.5600 0.8200
9 Italy Power Demand 0.9379 09132 0.5522 0.5821 0.5970 09104
10 Mote Strain 0.8438 0.7750 0.5000 0.6000 0.8000 0.5122
11 Olive Oil 0.6359 0.5744 0.6667 0.5000 0.5000 0.6667
12 Sony AIBO Robot Surface 0.7125 0.7000 0.7000 0.7500 0.7000 0.7000
13 Sony AIBO Robot Surface IT 0.824 1 0.7623 0.8519 0.5926 0.7407 0.8148
14 ToeSegmentationl 0.5611 0.5556 0.5000 0.5750 0.5250 0.5018
15 ToeSegmentation2 0.706 6 0.6962 0.5278 0.6111 0.5833 0.5327
16 Two Lead ECG 0.6348 0.5565 0.5217 0.739 1 0.5217 0.6522
MEAN 0.7169 0.6863 0.6224 0.5932 0.6039 0.6723
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wE 4 .
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