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Transition process identification based on the long and short sliding
windowed slow feature analysis and time series association rule mining
LIUJ inpingl, KUANG Yabin', ZHAO Shuangshuangl, YANG Guangyi2

(1. College of Information Science and Engineering, Hunan Normal University, Changsha 410081, China; 2. Information Center,
Hunan Institute of Metrology and Test, Changsha 410014, China)

Abstract: The transition process of working condition has similar data characteristics with process anomalies or faults.
Thus, it is prone to cause frequent false alarms in the process monitoring if the transition process cannot be identified,
which may lead to inappropriate manual operations and consequently destroy production stability. This paper proposes a
transition process identification method based on the long and short sliding windowed slow feature analysis (SFA) and
time series association rules mining approach. First, a multi-mode process modeling method based on the SFA associ-
ated with long and short sliding window processing is proposed according to the time-span difference between steady
and transition conditions. The working condition state is divided into multiple sub-stages of steady or transition states,
and then corresponding offline SFA models are established, respectively. Then, a synchronous frequent tree construc-
tion method with multi-time series and multi-time intervals is proposed, which can mine the association rules of each
transition state in multi-time series and multi-time intervals, so as to accurately identify transition processes. Based on
the Tennessee Eastman (TE) process, a set of process data, including all modal transitions, is established to verify the
proposed method. The results show that the proposed method can effectively identify the transition process with fre-
quent transitions, reducing the false alarm rate and improving the level of process monitoring.

Keywords: process monitoring; identification of transition process; slow feature analysis; synchronize frequent tree;
temporal association rule mining; steady state condition; long and short sliding window; multimode condition
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RS 3T ER FARXIEE
Table 5 Comparative FAR results of three methods

WS MS-DSFA  SFA-MDKNN  LSSW-SFA-SFT

WFS  MS-DSFA SFA-MDKNN  LSSW-SFA-SFT

IDV1 0.970 0.978 0.998
IDV2 0.978 0.971 0.998
IDV3 0.021 0.039 0.047
IDV4 1.000 0.996 1.000
IDV5 0.183 0.182 0.257
IDVé6 0.997 1.000 1.000
IDV7 1.000 1.000 1.000
IDV8 0.975 0.979 0.990
IDV9 0.48 0.451 0.460
IDV10 0.65 0.783 0.88.
IDV11 0.792 0.593 1.000
IDV12 0.891 0.952 0.981
IDV13 0.957 0.951 1.000
IDV14 1.000 0.769 0.960
IDV15 0.081 0.083 0.120
IDV16 0.83 0.847 0.835
IDV17 0.859 0.925 0.972
IDV18 0.925 0911 0.940
IDV19 0.762 0.762 0.720
IDV20 0.873 0.881 0.980

IDV1
IDV2
IDV3
IDV4
IDV5
IDV6
IDV7
IDVS
IDV9
IDV10
IDV11
IDV12
IDV13
IDV14
IDV15
IDV16
IDV17
IDV18
IDV19
IDV20

0.047
0.047
0.047
0.043
0.047
0.052
0.043
0.047
0.047
0.047
0.046
0.047
0.047
0.046
0.047
0.047
0.047
0.047
0.047
0.047

0.015
0.015
0.018
0.022
0.022
0.008
0.015
0.015
0.018
0.022
0.018
0.033
0.008
0.018
0.015
0.080
0.033
0.018
0.008
0.015

0.0123
0.0123
0.0123
0.0123
0.0123
0.0123
0.0123
0.0123
0.0123
0.0123
0.0123
0.0123
0.0123
0.0123
0.0123
0.0123
0.0123
0.0123
0.0123
0.0123

F A5 T 3 AR LY FAR 45 58 X)L
M. MFE 5 draf LIFE 5] LSSW-SFA-SFT J5 s (iR
R, A 00123, IR MS-DSFA #il SFA-
MDKNN J5 7 % & 2] T H sl Rk, Z5 5 T2
AGETt AT b, AT AR AR R RS B kA
R TAR 20 T ok P R B, R R A R
Bl AR ) Ao U Ok AR AL 2 A R R R, T 4R
B T FAR, SRR 3% SR %A LSSW-SFA-SFT J7
THAE L K6 T 3 AN kA AUC X
g, KR LUE BT8R 1) LSSW-SFA-
SFT 75 K Z 5 Fh A i ke b I A BRI,
T AUC [a] i 35 7 FDR F1 FAR (946 I 45 0,
IEH 43 i B MS-DSFA 5% SFA-MDKNN J5 156
FAF R, HE XT3 6 T8I iy oK 2 Foik
B, LSSW-SFA-SFT Jy ¥ JC %€ 2 A5 B 4 1) K I &5
o b prik, X T RZHMEMF, LSSW-
SFA-SFT J7 B #B BE % K I 46 I 2]k & % A=, I 5
SRR A WO S UN S R S R R U R U I
A= B U Bl R B AT ACHE IR, DT R AIG T il B 1R
R0 50 A 7= A TR S S A T R R A SR B AN

EA

R6 3FITEH AUCKTEL
Table 6 Comparative AUC results of three methods

W TS MS-DSFA SFA-MDKNN  LSSW-SFA-SFT

IDV1
IDV2
IDV3
IDV4
IDV5
IDV6
IDV7
IDVS
IDV9
IDV10
IDV11
IDV12
IDV13
IDV14
IDV15
IDV16
IDV17
IDV18
IDV19
IDV20

0.977
0.980
0.842
0.985
0.910
0.985
0.989
0.978
0.931
0.958
0.988
0.963
0.969
0.987
0.875
0.971
0.975
0.965
0.976
0.962

0.983
0.980
0.841
0.99
0.917
0.993
0.993
0.984
0.930
0.965
0.987
0.967
0.987
0.967
0.853
0.952
0.957
0.956
0.989
0.958

0.990
0.990
0.847
0.998
0.968
0.998
0.998
0.988
0.951
0.950
0.998
0.984
0.998
0.993
0.939
0.947
0.994
0.992
0.969
0.984
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