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Detect outliers in time series data with multi-granule periodic patterns

LUO Yu-pan, SHANG Lin"
(National Key Laboratory for Novel Software Technology, Nanjing University, Nanjing 210093, China)

Abstract: Contributions on outlier detection in time series data have seldom taken into account the data cyclical nature and nu-
merical attributes values. An algorithm to find periodic patterns under different granularities was proposed, which could be used to
detect outliers in time series data with numerical attributes. This method could avoid a false alarm, and experimental results

showed that it could not only correctly identify multi-granule periodic patterns but also effectively detect outliers in data. Com-

pared to outlier detection methods without periodic patterns, the results showed that it could reduce false alarms.
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testing dataset D,

Input: training dataset D, ,
Output: weekly pattern P, ,yearly pattern P, , outliers set O

//Step 1: find P,

Partition D, into 7 sets: {Mon., Tue., ***, Sun.|;
For(every sets in D; )

K-means(3) ;// clustering to 3 parts

Model(max cluster)//model with the max cluster

%
If(values are all equal)
P, .add(0, value,0) ;

//the parameters represent model type, expectation and stan-
dard deviation
Else
Calculate the expectation p« and deviation ¢” ;

P, .add(1,,6) ;//model type =1, represent Gaussian distribution
}
//Step 2: find P,
Find all outlying days OutDays in D, with P, ;
PeriodicPattern( OutDays) //find yearly pattern in OutDays
i
Partition OutDays into several sets with the same month and
day;
For(every sets in OutDays)
Model( the set) ;
If(there is a cycle)
P, . add(cycle, date , model, solar) ;
//the parameters represent the cycle, starting time, data model
and calendar type
!
Switch OutDays to lunar calendar;
PeriodicPattern( OutDays) ; //the forth parameter is lunar now
//Step 3: detect outliers in D,
For(every record t in D)
If(t does not meet neither P, nor P, )
0.add(t);//t is an outlier
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Fig.1 The pseudocode of algorithm
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Table 1  The description of dataset people-in-teaching-building

Y EE JA AR JA—Z=AH
[0,5] 0 0
[6,7] N(5,1) N(20,1)
(8,11] N(30,5) N(200,10)
[12,14] N(10,1) N(20,1)
[15,17] N(50,5) N(200,10)
[18,21] N(20,2) N(100,5)
[22,23] N(5,1) N(20,1)
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Table 2 The weekly pattern of dataset people-in-teaching-building
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0:00 0 0 0 0 0 0
1:00 0 0 0 0 0 0
2:00 0 0 0 0 0 0
3:00 0 0 0 0 0 0
4:00 0 0 0 0 0 0
5:00 0 0 0 0 0 0
6:00 1 4.532951 1.044 064 1 19.496 89 1.102 882
7:00 1 4.513372 1.098 483 1 19.48925 1.08 748
8:00 1 29.53486 25.39558 1 199.4343 100.699
9:00 1 29.464 66 25.43186 1 199.3201 96.673 77
10:00 1 29.62369 23.21809 1 199.3999 101.5059
11:00 1 29.54585 25.25232 1 199.268 5 104.719 5
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Table 3  The periodic pattern of dataset people-in-teaching-building
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Table 4 The comparison of experiment results
ANHFRPER TR B H A R R R H Y
1998-01-01 —
1998-01-02 —
1998-01-03 —
1998-01-04 —
1998-01-05 —
1998-01-06 —
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Table 7 The periodic pattern of dataset sale-of-supermarket

mE LR
Py . AR - o .
n WRE] opAm28% HAsH o=
[0,8] 0 0 0
FH I 1 1985-12-15 [9,23] 1 2000.94531.833 57
[0,8] 0 0 0
FH 1 1985-12-24
[9,23] 1 1998.86119.785 83
[0,8] 0 0 0
[ 1 1984-12-15 [9,23] 1 2000.49526.786 49
(0,8] 0 0 0
A 1 1984-12-29
[9,23] 1 2000.68929.28115
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Table 8 The comparison of experiment results

x5 T EESEEEE T
Table 5 The description of dataset sale-of-supermarket
IR 1] B JE7N A H Ji— 21
[0,8] 0 0
[9,14] N(50,5) N(50,5)
[15,19] N(500,5) N(200,5)
[20,23] N(1000,5) N(500,5)
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Table 6 The weekly pattern of dataset sale-of-supermarket

AR PRI 1 B b AR D R
s H 3 11 H 39 i H 3
2005-01-24 2005-01-24 —
2005-01-25 2005-01-25 —
2005-02-06 2005-02-06 —
2005-02-07 2005-02-07 —
2005-12-15 — —
2005-12-16 — —
2005-12-23 — —
2005-12-24 — —
2.3 KW=

o JA B B oA JA—Hd oy i
AR WE JiE AmRE W ik

0:0 0 0 0 0 0 0
1.0 0 0 0 0 0 0
2:0 0 0 0 0 0 0
3.0 0 0 0 0 0 0
4.0 0 0 0 0 0 0
50 0 0 0 0 0 0
6:0 0 0 0 0 0 0
7.0 0 0 0 0 0 0
8:0 0 0 0 0 0 0
9:0 1 50.11801 24.85193 1  50.08134 24.62325
10:0 1 49.99406 24.18866 1  49.88605 27.31759
11:0 1 49.77749 24.28919 1  50.18002 24.15745
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Table 9  The experimental results of outlier detection

H 34 IE1

2008-01-23, 221 4,9 15 999.940 7
2008-01-23, 211 4,23 /5, 1 001.698
2008-02-06, £ 1 4,23 55, 998.6133
2008-12-15, 21 2,9 /& 1003.136
2008-12-15, 21 2,23 /% 996.430 9
2008-12-24, 1] 4,23 15 997.1
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