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Abstract: An effective distance metric is essential for time series clustering. To improve the performance of time series clustering,
various methods of metric learning can be applied to generate a proper distance metric from the data. However, the existing metric
learning methods overlook the characteristics of time series. And for time series, it is difficult to obtain side information, such as pairwise
constraints, for metric learning. In this paper, a method for distance metric learning based on side information autogeneration for time
series (SIADML) is proposed. In this method, dynamic time warping (DTW) distance is used to measure the similarity between two time
series and generate pairwise constraints automatically. The metric which is learned from the pairwise constraints can preserve the
neighbor relationship of time series as much as possible. Experimental results on benchmark datasets demonstrate that the proposed
method can effectively improve the performance for time series clustering.

Key words: metric learning; dynamic time warping; side information autogeneration; time series clustering
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Table 1 Character description of the time series datasets from UCR

2R 1 UCR I [H] ¥ 71 $odfs S e ik 4 8

EIEITES R OMGRIEREAS  WBURREAS WA
Synthetic Control 6 300 300 60
CBF 3 30 900 128
Trace 4 100 100 275
Two Patterns 4 1000 4000 128
Fish 7 175 175 463
Coffee 2 28 28 286
ECGFiveDays 2 23 861 136
FacesUCR 14 200 2050 131
Symbols 6 25 995 398
ItalyPowerDemand 2 67 1029 24
Adiac 37 390 391 176
OliveOil 4 30 30 570
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Fig.1 Clustering performance of SIADML by choosing different regularization term A
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Table 2 Total number/correct number of side information by autogeneration

=2 AR IS R BB OER A 2

Euclidean DTW TR BLIRR 2 H AT A B
g /e AL TR A 52 R AL R LB RATN . o
(EfvaE)  EmBvag) | EmBLE  ERBLE AR R
Synthetic Control 201/260 282/295 250/254 294/294 7350 37 500
CBF 18/20 28/28 26/26 28/29 139 296
Trace 71/71 98/98 87/87 98/98 1231 3719
Two Patterns 630/707 904/919 883/883 973/989 124 837 374 663
Fish 102/139 162/174 101/146 160/174 2122 13113
Coffee 18/18 16/27 19/19 23/27 182 196
ECGFiveDays 9/16 16/22 13/17 16/22 127 126
FacesUCR 105/158 184/199 129/158 192/199 1743 18 157
Symbols 14/18 21/22 16/17 24/24 50 250
ItalyPowerDemand 43/46 37/66 48/50 45/66 1089 1122
Adiac 171/298 389/389 162/309 389/389 1865 73 990
OliveOil 16/21 27/29 18/20 27/29 122 313

Table 3 Clustering performance of different metrics on training set

3 SIERIEIIGE EREREERE
* - Rand Index+Std. (%)

HugE s ED DTW RBFK TGAK SIADML
Synthetic Control 85.45+1.39  85.74+2.13  86.34+£0.74  86.60£1.54  86.99+0.72
CBF 64.05£3.98  65.90£3.74  64.49+4.53  65.5842.40  95.2219.48

Trace 82.98+4.34  83.62+2.33  83.73+3.79  83.52£3.50  90.85+4.03
Two Patterns 62.874£0.13  62.89+1.12  62.89£0.49  62.90+0.60  68.33+£1.97
Fish 78.12+1.62  77.50+0.62  78.84+1.21 78.56+0.57 77.61+2.17
Coffee 54.76+4.71  56.44+3.77 54.76+0.84  55.75£2.50  81.69+11.3
ECGFiveDays 55.26+2.11 59.01£4.22  56.56+3.82 55.34+2.29  63.08+4.39
FacesUCR 86.50£0.86  74.38+1.71  86.65+0.17 86.43£0.97 86.46+0.43
Symbols 85.10+5.59  84.63%0.05 83.32+2.12  85.83%£7.78  87.78+1.84
ItalyPowerDemand ~ 49.81+0.10  49.72+0.11  49.93+0.37 49.81+0.74  73.55+7.52
Adiac 95.59+0.10  89.86+£0.71  95.32+0.07  95.75+0.08  94.43+0.37
OliveOil 77.13+4.24  76.64£3.71 76.40+4.80 75.97+4.34 77.43+4.13

Table 4 Clustering performance of different metrics on testing set

R4 SPEREADE FRRAE G

Rand Index+Std. (%)

ARtk ED DTW RBFK TGAK SIADML
Synthetic Control 85.14+1.50 86.14£2.12 86.08+0.83  85.87£1.33  86.73+0.81
CBF 67.5243.77  65.6612.10 68.05£1.75 69.61+2.12  86.86+8.71
Trace 81.72+4.95  81.77£1.87 84.36+2.64 84.85%£3.62  93.27+5.14
Two Patterns 62.88+£0.15  62.85+0.87  63.02+0.87  63.10£0.66  66.64+1.69
Fish 76.16£0.86  75.57+0.44  76.22+1.71  76.10£0.57  75.66£1.80
Coffee 54.48+4.27 52424242 55.58+1.23 54.53%£1.72  82.94+9.40
ECGFiveDays 53.46+£2.48  55.52+£3.75  53.09£2.76  53.99+1.32  60.27+5.22
FacesUCR 87.22+£0.63  86.40+0.70  86.85t0.58  86.98+1.44  86.95+0.55
Symbols 85.44+6.74  84.82+0.08  83.30+£0.87 85.47+7.46 87.08+2.04
ItalyPowerDemand ~ 50.30+0.12  49.79+0.20  50.53+0.42  49.66+0.58  65.40+6.48
Adiac 95.641£0.14  94.91£0.09 95.04t£0.92  95.76+0.46  94.75+0.51
OliveOil 76.75£4.00  74.26+2.30  74.88+4.71  73.60+4.83  77.24+3.40
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Fig.2 Comparison of the time series clustering: Side information given by people or autogeneration
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Fig.3 Time series clustering performance by different numbers of side information
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