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The Use of Local Outlier Factor(LOF) for Improving
Performance of Independent Component Analysis(ICA) based
Statistical Process Control(SPC)

Jaeshin Lee™ - Bokyoung Kang** - Suk-Ho Kang**

m Abstract =

Process monitoring has been emphasized for the monitoring of complex system such as chemical processing in-
dustries to achieve the efficiency enhancement, quality management, safety improvement. Recently, ICA (Independent
Component Analysis) based MSPC (Multivariate Statistical Process Control) was widely used in process monitoring
approaches. Moreover, DICA (Dynamic ICA) has been introduced to consider the system dynamics. However, the exist-
ing approaches show the limitation that their performances are strongly dependent on the statistical distributions of
control variables. To improve the limitation, we propose a novel approach for process monitoring by integrating DICA
and LOF (Local Outlier Factor). In this paper, we aim to improve the fault detection rate with the proposed method.
LOF detects local outliers by using density of surrounding space so that its performance is regardless of data
distribution. Therefore, the proposed method not only can consider the system dynamics but can also assure robust
performance regardless of the statistical distributions of control variables. Comparison experiments were conducted
on the widely used benchmark dataset, Tennessee Eastman process (TE process), and showed the improved perform-
ance than existing approaches.

Keyword : Statistical Process Control(SPC), Local Outlier Factor(LOF), Independent
Component Analysis(ICA), Process Monitoring, Fault Detection, Tennessee
Eastman process
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XMEAS@3)  E feed(stream 3)
XMEAS(4) A and C feed(stream 4)
XMEAS()  Recycle flow(stream 8)
XMEAS(6)  Reactor feed rate(stream 6)
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XMEAS(9) Reactor temperature
XMEAS(10)  Purge rate(stream 9)
XMEAS(11)  Product sep temp
XMEAS(12)  Product separator level
XMEAS(13)  Product separator pressure
XMEAS(14) E’Srt(;(i;lrcrg i(e)})aarator underflow
XMEAS(15)  Stripper level
XMEAS(16)  Stripper pressure
XMEAS(17)  Stripper underflow(stream 11)
XMEAS(18)  Stripper temperature
XMEAS(19)  Stripper steam flow
XMEAS(20)  Compressor work
XMEAS(21) iﬁiﬁt‘iﬁgling water outlet
XA e e
XMV(1) D feed flow(stream 2)

XMV (2) E feed flow(stream 3)
XMV(3) A feed flow(stream 1)

XMV (4) A and C feed flow(stream 4)
XMV (5) Compressor recycle valve
XMV(6) Purge valve(stream 9)
XMV(7) (Ssiﬂiioio[))ot liquid flow
XMV(S) (Sstlt;ggg illq)md product flow
XMV (9) Stripper steam valve

XMV (10) Reactor cooling water valve
XMV(11) Condenser cooling water flow

—Co - =2o
Fault . o a4
En ° £l
0 No fault No
A/C feed ratio, B composition
1 constant(stream 4) Step
9 B composition, A/C ratio constant Step
(stream 4)
3 D feed temperature(stream 2) Step
Reactor cooling water inlet
4 temperature Step
5 Condenser cooling water inlet Step
temperature
6 A feed loss(stream 1) Step
C header pressure loss—reduced
7 availability (stream 4) Step
A, B, C feed composition Random
8 S
(stream 4) variation
9 D feed temperature (stream 2) Rapdqm
variation
10  C feed temperature (stream 4) Rapdgm
variation
1 Reactor cooling water inlet Random
temperature variation
12 Condenser cooling water inlet Random
temperature variation
13 Reaction kinetics Slow drift
14 Reactor cooling water valve Sticking
15 Condenser cooling water valve Sticking
16 Unknown Unknown
17 Unknown Unknown
18  Unknown Unknown
19  Unknown Unknown
20 Unknown Unknown
Valve position constant Constant
21 "
(stream 4) position
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WHE =Hes 5 g4 d4 o= AA EAF e @
No(LOF) No No LOF(9.3% KDE) LOF 99%(KDE)
ICA(I) ICA No I4(99.3% KDE) r 99%(KDE)
ICA(AO) ICA No AO(AO rejection rule) AO 99%(KDE)
ICA(LOF) ICA No LOF(9.3% KDE) LOF 99%(KDE)
DICA(I) DICA Yes I4(99.3% KDE) r 99%(KDE)
DICA(AO) DICA Yes AO(AO rejection rule) AO 99%(KDE)
%%Xi%?} DICA Yes LOF(99.3% KDE) LOF 99%(KDE)
(E 5 0|4 8iM ZE MEZ MAIE H|mAE ZIK(ZE Faultol CHal, MY £2 Z3t= TEHZE ZA|)
T Sges 33 49
Faults A7 e A7) 1 &
No(LOF) ICA(P) (Igg) &CO/}) DICA(P) 1()}1%1? (DLISP/%
1 100 100 100 100 100 100 100
2 9 9 9% %9 9 %9 9
3 19 1 2 19 2 2 43
4 100 61 84 100 97 100 100
5 39 100 100 100 100 100 100
6 100 100 100 100 100 100 100
7 100 9 100 100 100 100 100
8 9 97 97 %9 9 98 9
9 15 1 1 14 1 1 37
10 70 78 82 90 82 90 %
1 69 52 70 74 51 83 %
12 100 9 100 100 100 100 100
13 % et} % 9% 100 9% 97
14 100 100 100 100 % 100 100
15 23 2 2 21 2 2 40
16 71 71 7 et} 82 91 9
17 90 93 A % 90 % 9%
18 91 0 0 91 90 90 %
19 % 69 80 87 81 9% 100
20 63 87 91 83 83 e R
21 42 45 62 54 46 62 100
At 727 732 774 81.8 765 808 90
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