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Early Classification of Time Series Based on Piecewise Aggregate Approximation

MA Chao-hong WENG Xiao-qing
(School of Information Technology, Hebei University of Economics and Business, Shijiazhuang 050061, China)
Abstract Early classification on time series is more and more significant in the field of time series data ming. As the
high dimension of time series data,it is of highly necessary to choose an efficient and appreciate dimensionality reduction
method in the practical application of early classification on time series. Thus. this paper aimed at applying piecewise ag-
gregate approximation to time series data,and then implemented early classification in lower dimension. In addition,
through making comparison with some existing methods, the experiments were carried on in forty-three datasets. The

experimental result indicates that this proposal is better than other existing methods in accuracy,earliness and reliability.
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Table 1  Description of datasets
pe K % %l ‘i)'] % & ‘5)”31 RE  HHE I? 7l

4 M BARREEK BAREHR K E
1 Synthetic_Control 6 300 300 60
2 Gun_Point 2 50 150 150
3 CBF 3 30 900 128
4 Face_All 14 560 169 131
5 OSU Leaf 6 200 242 427
6 Swedish_Leaf 15 500 625 128
7 50Words 50 450 455 270
8 Trace 1 100 100 275
9 Two_Patterns 4 100 400 128
10 Wafer 2 100 617 152
11 Face(four) 4 24 88 350
12 Lightning 2 2 60 61 637
13 Lightning_7 7 70 73 319
14 ECG 2 100 100 96
15 Adiac 37 390 391 176
16 Yoga 2 300 300 426
17 Fish 7 175 175 463
18 WordSynonyms 25 267 638 270
19 Beef 5 30 30 470
20 Coffee 2 28 28 286
21 OliveOil 4 30 30 570
22 CinC_ECG_torso 4 40 138 163
23 ChlorineConcentration 3 467 384 166
24 DiatomSizeReduction 4 16 306 345
25 ECGFiveDays 2 23 861 136
26 FacesUCR 14 200 205 131
27 Haptics 5 155 308 109
28 InlineSkate 7 100 550 188
29 TtalyPowerDemand 2 67 102 24
30 MALLAT 8 55 234 102
31 Medialmages 10 381 760 99
32 MoteStrain 2 20 125 84
33 Sony AIBORobot 2 27 953 65
34 SonyAIBORobot Surface 2 20 601 70
35 StarLightCurves 3 100 823 102
36 Symbols 6 25 995 398
37 TwoleadECG 2 23 113 82
38 Cricket_X 12 390 390 300
39 Cricket_Y 12 390 390 300
40 Cricket_Z 12 390 390 300
41 uWaveGestureLibrary X 8 890 358 315
42 uWaveGestureLibrary_Y 8 890 358 315
43 uWaveGesturelibrary_Z 8 890 358 315

4.2 MEEELEE

K& Fh 7 2 19 Accuracy 45 i3 2 B AL H b Full_INN
7R ECTS 4 25 258 i FH 56 5 5045 48 4 25 0 X6 B Y Accuracy;
AT Earliness 45 R 1% 3§41, % 2 iy PAA_
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ECTS [ S2 8 45 Berfr Accuracy UL B MR B PAA 4888 d (355
O N 25 R IZ G R RE B PAA 4RS00 BRI %S B
FEB T W AR ] PAA_ECTS 72 8 M BURE & 172K
By PAA AR d W IBUE S TR g AN 2 B B0HE 4R B 1R) Y 5 R
AR nL B B RE R AT B o5 3% 3.3% 4 Th PAA_
ECTS W45 R MR FE 3R 2 X A PAA 4500 3L ath b 11 55 fr

5. THEE A &, ECDIRE, RelClass #1 EDSC B Accuracy
5 Farliness 25 ¥ A SCHkL7].

TR R A3 2 00 S B0 25 AR AT B3 25 R W, AR SC
K Wilcoxon £5 B 5, % 5 B AR S B G 1T 5 1k - X8
PR M ERME pE/INF 0. 05 WHERBE, 2R
BEEIES,

2 2 PAA_ECTS Y ECDIRE.RelClass, ECTS, EDSC,Full_INN A Accuracy 45 3# b %

Table 2 Comparison of Accuracy results of PAA_ECTS, ECDIRE, RelClass, ECTS, EDSC and Full_1NN
HEE ECDIRE RelClass ECTS EDSC Full_INN PAA_ECTS
50words 53 66 58.24 48 63.08 64.40(13)
Adiac 55 63 60.61 16 61.13 61.64(148)
Beef 50 57 53.33 23 53.33 53.33(68)
CBF 89 64 85.22 84 85.22 96.67(10)
Chlorine_concentration 56 82 61.90 52 65.00 62.40(139)
CinC_ECG_torso 81 85 87.46 55 89.71 90.00(75)
Coffee 96 89 78.57 75.00 75.00 82.14(230)
Cricket_X 57 61 56.92 52 57.44 65.64(26)
Cricket_Y 63 68 63.33 57 64. 36 67.44(14)
Cricket_Z 60 66 58.97 0 62.05 66.67(14)
Diatom_size_reduction 80 94 80.07 85 93. 46 89.54(3)
ECG200 91 89. 00 89. 00 85 88. 00 91.00(55)
ECG_five_days 60 52 62.49 74 79.67 83.04(11)
Face_All 87 69 73.61 66 71.36 76.45(92)
FaceFour 61 83 77.27 75 78.41 88.64(227)
FacesUCR 74 77 71.8 63 76.93 76.34(33)
Fish 81 79 74.86 68 78.29 79.43(259)
Gun_Point 87 91 86.67 94 91.33 92.00(6)
Haptics 44 41 37.34 34 37.01 39.61(282)
Inline_skate 26 27 32.73 18 34.18 33.64(26)
Ttaly_power_semand 93 85 93.97 82 95.53 93.97(24)
Lighting?2 54 62 70.49 80 75.41 86.89(217)
Lighting7 48 68 57.53 67 57.53 73.97(10)
MALLAT 78 73 84.61 59 91.43 93.43(20)
Medical_images 74 67 67.76 60 68.42 68.82(48)
Mote_strain 80 58 87. 86 78 87.86 87.86(84)
Olive_oil 40 77 90. 00 60 86.67 90.00(55)
OSU_leaf 52 48 48.76 56 51.65 54.13(248)
Sony_AIBO_robot_surface 83 79 68.72 80 69.55 80.37(15)
Sony_AIBO_robot_surfacell 74 88 84.47 81 85. 94 87.93(17)
Star_light_curves 95 95 85.21 — 84. 88 89.29(9)
Swedh_leafl 87 83 78.88 47 78.88 82.56(21)
Symbols 81 71 82.61 51 89. 95 85.23(22)
Synthetic_control 96 98 89. 00 89 88.00 98.00(10)
Trace 77 86 74.00 80 76.00 76.00(198)
TwolLeadECG 81 72 73.49 88 74.71 75.24(48)
Two_Patterns 87 93 86. 48 80 90. 68 91.83(18)
uWaveGestureLibrary_X 77 75 73.12 54 73.93 73.67(12)
uWaveGestureLibrary_ Y 70 68 63.32 37 66.16 65.83(14)
uWaveGestureLibrary_Z 71 71 64.68 52 64.96 65.89(14)
Waler 97 99 99. 24 99 99.55 99.29(109)
Words_synonyms 52 65 58.78 47 61.76 61.91(18)
Yoga 85 83 81.40 71 83.03 81.73(14)
A 71.7 73.65 72.44 62.43 74.59 77.3

MW 2 VUK 5 AT LF S, PAA_ECTS 5 ECTS, EC-
DIRE K EDSC FJE# % Z [ i Wilcoxon 45 Bk A& 56 A9 1 %
p EHH/NT 0. 05, XU PAA_ECTS By e R B E L T
ECTS.ECDIRE } EDSC. f& 43 T4 - .PAA_ECTS ¥y
X5 HE B %R 77, 30% ., 1 ECTS, ECDIRE 2 EDSC 4 1
TERR R 43 & 72, 44%,71.70%,62. 43% . JE P LE T % M
PAA HEAT 4855 2 fa7 15 T30 00 2 455 B 10 57 35 {8, 6F I i) ) 37 o

FTEM MR B BN HEAT T AW 1. PAA ECTS 5
RelClass B #E# R Z [0 ) Wilcoxon £F 5 Bk &6 56 19 HE R p (H
KTF 0.05, B PAA_ECTS MY #EH R B AR = T RelClass fY
MR HEZENR T, 75 43 MR 1L PAA_ECTS i
S HEZ R 77, 30% , RelClass 1524 i 5 % & 73. 653 %,
SR RelClass'™® I35 A7 fife g Xof I 20RE AR A0 38 40 B4 18 47 4 5
24 fa7 g [ S0, BT A8 JC 5 R 0 400 40 288 A9 S B g T T S o 4
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) PAA_ECTS J7 k1] LLAE & 25 5y Hi % 038R A 19 355 43 4L
AT AR
2% 3 PAA_ECTS Y ECDIRE,RelClass, ECTS K& EDSC
1Y Earliness 45 % o #5%
Table 3 Comparison of Earliness results of PAA_ECTS, ECDIRE,
RelClass, ECTS and EDSC

HAEE ECDIRE RelClass ECTS EDSC PAA_ECTS
50words 40. 30 92.20  77.10 58.89 80. 34
Adiac 38.54 96.04  64.05 84.55 54.62
Beef 67.78 25.7 77.67 93.61 72.13
CBF 28.55 23.08 71.67 31.85 64.39
Chlorine_concentration 14.42 97.59 67.01 33.33 59.17
CinC_ECG_torso 49.71 56.58  59.91 43.63 57.48
Coffee 82.14 38.44  84.93 54.23 75.35
Cricket_X 47.98 78.68  73.26 52.57 69.58
Cricket_Y 36.00 82.36  67.47 45.10 71.29
Cricket_Z 45.99 80.36  69.21 56.12 74.22
Diatom_size_reduction 24.26 33.49  14.88 27.04 76.91
ECG200 90. 10 68.81  77.13 23.24 38.91
ECG_five_days 21.07 15.84  63.82 53.60 78.03
Face_All 56.49 96. 27 68.25 38.94 48. 24
FaceFour 22.31 34.22 89.51 47.98 46.33
FacesUCR 59.15 92.71  89.24 51.58 67.70
Fish 55.17 85.42  65.81 47.70 45. 20
Gun_Point 32.37 71.33  46.92 45.58 66.67
Haptics 86.52 57.89 93.90 12.53 70.53
Inline_skate 33.83 87.31  86.42 46.69 87.67
Italy_power_semand 70.16 35.92  79.33 67.08 79.33
Lighting2 9.07 61.16  84.83 55.14 65.58
Lighting7 19.93 85.23  86.98 68.40 81.34
MALLAT 45.35 44.01 69.32 39.96 77.90
Medical_images 21.20 88.96  54.85 31.95 57.78
Mote_strain 12.10 90.94  84.86 38.08 84.86
Olive_oil 30.00 18.76  87.34 38.82 74.91
OSU_leaf 47.52 97.10  78.20 54.38 48.66

Sony_AIBO_robot_surface  62.26 57.70  68.49 47.03 61.60
Sony_AIBO_robot_surfacell 17.66 70.86  55.81 35.51 44. 48

Star_light_curves 53.10 90.02  82.83 — 85.67
Swedh_leaf 45.97 91. 96 77.63 62.34 77.64
Symbols 45.33 45.82 46.23 60.25 64.53
Synthetic_control 61.92 71.54  89.96 50.81 88.53
Trace 41.75 77.82 51.98 38.63 46.00
TwoleadECG 69. 38 83.63 64.43 46.85 41.83
Two_Patterns 98.76 91. 82 86.79 64.04 84.83

uWaveGestureLibrary_X 74.03 90.09  86.90 64.30 89.62
uWaveGestureLibrary_ Y 97.09 81.96 86.91 70.14 87. 82
uWaveGesturelibrary_Z 75.56 91. 80 85.98 61.18 87.01

Wafer 10. 87 30.75  44.38 27.99 28.08
Words_synonyms 66.23 91. 40 83.40 65.66 88.58
Yoga 100 87.28 70.74 38.57 76.85
F 4 49.02 69.55  72.47 49.43 68. 10

M2 3 LI 5 SR LA 1. PAA_ECTS 5 EDSC
1 ECDIRE fi% B = [8] i) Wilcoxon £ 5 Bk 1 3 i 4 % p
fE#R/NT 0. 05,3 1 B AL 511 77 i , EDSC #il ECDIRE B &
i F PAA_ECTS; 7£ 43 A8 1] )37 51 £ 4% 4 L . EDSC #1 EC-
DIRE (- 35 5 814 43 531 g 49. 43 % Fl 49. 02% ,PAA_ECTS
S 2 0 S 68. 1096 5 SR B 190 2 7 47 4 o Al 2% 1% i
TN PAA_ECTS [V ¥ iE#f 2 77. 302, Tl EDSC
b 62.43% ,ECDIRE 4 71.70%, PAA_ECTS 5 ECTS
B2 8] ) Wilcoxon £ 5 Bk 46 1 i A % p {H/NTF 0. 05,
XL PAA_ECTS 09 R M0 B AL T ECTS; 7€ 43 /> B [1]
AV B RS L, PAA_ECTS B F¥ M 68.10%, ECTS
g 72.47%

PAA_ECTS 5 ECTS {# Reliability .3 4, %} ECTS §
PAA_ECTS Iy Reliability #£47 T Wilcoxon £ %5 Bk K 5 . 4 it

o2 fHoN—3. 2848, % p R 0. 001 (/NTF 0.05), PAA_
ECTS (0] 554 0 248 T ECTS, 78 43 A B [7] )3 51 %% 48 45
PAA_ECTS W nl FE 8 92,61 % . ECTS 2490. 88% .

#* 4 ECTS 5 PAA_ECTS Y Reliability 5295 45 5 Ho 52
Table 4 Comparison of Reliability results of ECTS and PAA_ECTS

G ECTS PAA_ECTS
50words 87.25 89.89
Adiac 86.70 85.42
Beef 93. 33 90. 00
CBF 96. 67 97.33
Chlorine_concentration 88.28 89. 04
CinC_ECG_torso 93.41 95. 87
Coffee 96. 43 100. 00
Cricket_X 87.95 87. 44
Cricket Y 83.08 84.62
Cricket_Z 83.59 87.69
Diatom_size 85.29 98. 04
ECG200 95.00 96. 00
ECG_five_days 81. 88 92. 68
Face_All 85. 27 81. 24
FaceFour 96. 59 96.59
FacesUCR 86. 34 90. 29
Fish 86. 86 92.00
Gun_Point 94. 00 96. 00
Haptics 91.23 88. 31
Inline_skate 85.09 87.27
Italy_power_semand 96. 89 96. 89
Lighting2 95.08 100. 00
Lighting? 84.93 90.41
MALLAT 90. 28 96. 89
Medical_images 90. 26 91.45
Mote_strain 94.25 94.25
Olive_oil 96. 67 96.67
OSU_leaf 83.88 87.19
Sony_AIBO_robot_surface 95.17 87.35
Sony_AIBO_robot_surfacell 97.48 98. 74
Star_light_curves 96.61 97.29
Swedh_leaf 91.04 89. 28
Symbols 89. 35 91. 86
Synthetic_control 98. 00 99.33
Trace 88.00 88.00
TwolLeadECG 90. 34 90. 17
Two_Patterns 92.28 95.05
uWaveGestureLibrary_X 93.30 94. 89
uWaveGestureLibrary Y 90. 42 93.61
uWaveGestureLibrary_Z 91. 82 94.05
Wafer 99.53 99. 50
Words_synonyms 85.58 89. 66
Yoga 92.30 94.07
T 90. 88 92.61

%5  Wilcoxon £F 5 Bk K K

Table 5 Results of Wilcoxon signed ranks test

- Accuracy Earliness
B E = E = r
KAt E 2 MEpH Gt E 2 BE p
ECTS 5
—5.4425 5.2533e—08 —2.1705 0.0300
PAA_ECTS
ECDIRE —4.0609 4.8893e—05 —3.9606 7.4767e—05
PAA_ECTS : SoReeT e - Shter
RelClass 5
s —1.6317 0.1027 —0.7124 0.4762
PAA_ECTS
EDSC 5
—5.1828 2.1856e—07 —4.7202 2.3564e—06
PAA_ECTS

25 BT A SCHR B PAA_ECTS 7 43 35 %5 25 W] 4% 1
RO SEAl 1B AR T AR IR AT R R S B T R A2,
4.3 B EEEMNE

ASCHEH Y PAA_ECTS LA — 1S40, B PAA 4 4%
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Fig. 1 Changing of Accuracy with the dimension of PAA on
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