Korean Chem. Eng. Res., Vol. 46, No. 2, April, 2008, pp. 383-388

Department of Chemical and Biological Engineering, Seoul National University, San 56-1, Shilim-dong, Gwanak-gu, Seoul 151-742, Korea

**Department of Chemical and Biological Engineering, Chungju National University, 72 Daehak-ro, Chungju, Chungbuk 380-702, Korea

[&l
nE

CIO[E] Z]2F O &ZITY

OIYE - TXHS™ - 0f7|ay**
Aot e dggory
151-742 A& A1-h% A
=k

AN E ire)
gt sheky
139-701 Al&A] =7 YAls 447-1
wxZz=g|sly sl Eysly)
380-702 1 EF5A] gtz 72

007d 12€ 11¢ %3% 20081 2¢ 5 A

Operation Modes Classification of Chemical Processes for History Data-Based
Fault Diagnosis Methods

Chang Jun Lee, Jae Wook Ko* and Gibaek Lee**:t

*Department of Chemical Engineering, Kwangwoon University, 447-1 Wolgye-dong, Nowon-gu, Seoul 139-701, Korea

(Received 11 December 2007; accepted 5 February 2008)

FO

of
O}

—
il

/]\310] ARAA 7ol de] NS 270l Mkalr] $lst vhekst o gzt
T A dolE el 7|Het oIk o] Wol AtE 1 glovt, 54
PG NA Fofxl BAA RS ThE PGSl A8t exido] wolx|A vt webs] 35 Tkt i
JAol Az etsAdel vlolel7 ik Wi E-2 48387 ]0l= oflfol Jlol S8t o] 2o wEel o

=3 itk o] Aol A= FFEl= A2l (Buclidean distance), FDA(Fisher's discriminant analysis), PCA(principal
component analysis)®] FAR A} o] FulEe] FgHs ] ZEQS uld RES Alleldt). 670 2YREE 7}
71 TE(tennessee eastman) 53l tht AL AT-E 53l 559 ‘ﬂoé $F PCA 2319 A5ol 7H 53-8 Elsitt.

s}t o] obAEkT F8A9 A9

o] Ao ghot. Fel= S

_\o

Abstract — The safe and efficient operation of the chemical processes has become one of the primary concerns of
chemical companies, and a variety of fault diagnosis methods have been developed to diagnose faults when abnormal
situations arise. Recently, many research efforts have focused on fault diagnosis methods based on quantitative history
data-based methods such as statistical models. However, when the history data-based models trained with the data
obtained on an operation mode are applied to another operating condition, the models can make continuous wrong diag-
nosis, and have limits to be applied to real chemical processes with various operation modes. In order to classify oper-
ation modes of chemical processes, this study considers three multivariate models of Euclidean distance, FDA (Fisher's
Discriminant Analysis), and PCA (principal component analysis), and integrates them with process dynamics to lead
dynamic Euclidean distance, dynamic FDA, and dynamic PCA. A case study of the TE (Tennessee Eastman) process hav-
ing six operation modes illustrates the conclusion that dynamic PCA model shows the best classification performance.

Key words: Fault Diagnosis, Operation Mode Classification, Principal Component Analysis, Fisher Discriminant Anal-
ysis, Euclidean Distance, Tennessee Eastman Process
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Table 1. 6 operation modes

Mode G/H mass ratio Production (kg/h)
1 50/50 14,076
2 10/90 14,076
3 90/10 11,111
4 50/50 Maximum
5 10/90 Maximum
6 90/10 Maximum
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Fig. 1. The tennessee eastman challenge process.
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Table 2. Setpoints of 6 operation modes
Setpoint Mode 1 Mode2 Mode3 Mode4 Mode5 Mode6

o

1 22.89 22.73 18.04 36.04 23.55 20.2
2 50 50 50 50 50 50
3 50 50 50 50 50 50
4 65 65 65 65 65 65

5 2,800 2,800 2,300 2,800 2,800 2,800
6 53.83 11.66 90.09 53.35 11.65 90.07
7 63.21 64.18 62.11 61.95 64.03 61.47
8 50.96 54.25 47.43 58.76 54.32 48.79
9 122.9 124.2 121.9 128.2 124.6 123
10 1 1 77.621 1 1 71.166
11 1 1 1 1 1 1
12 100 100 100 100 100 100
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Table 3. Euclidean distance between the centroid of each mode

Model Mode2 Mode3 Mode4 Mode5 Mode6

Mode 1 0 5.5 8.8 10.6 5.8 8.6
Mode 2 5.5 0 12.8 10.9 0.8 12.7
Mode 3 8.8 12.8 0 15.1 13.0 2.8
Mode 4 10.6 10.9 15.1 0 10.3 14.1
Mode 5 5.8 0.8 13.0 10.3 0 12.9
Mode 6 8.6 12.7 2.8 14.1 12.9 0
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Fig. 2. Projected steady state data on FDA factor.
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Fig. 3. Distances and SPEs for mode 5 and IDV1 by (a) ED, (b) DED,
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Fig. 4. Mode classification results for mode 5 and IDV1 by (a) ED,
(b) DED, (c) FDA, (d) DFDA, (e) PCA, (f) DPCA.

Mode Steady-state data Faulty data
ED DED FDA DFDA PCA DPCA ED DED FDA DFDA PCA DPCA
1 0% 0.0% 0% 0% 0% 0% 2.3% 2.3% 15.6% 23.6% 0% 0%
2 8.2% 1.1% 0% 0% 0% 0% 24.9% 20.3% 25.0% 24.3% 10.3% 3.5%
3 0% 0% 0% 0% 0% 0% 1.5% 1.2% 14.8% 23.9% 0% 0%
4 0% 0% 0% 0% 0% 0% 0% 0% 30.6% 31.5% 0.8% 0.9%
5 8.9% 1.8% 0% 0% 0% 0% 11.5% 7.1% 9.1% 11.6% 2.7% 0.9%
6 0% 0% 0% 0% 0% 0% 2.4% 2.4% 15.9% 23.3% 0% 0%
Average 2.8% 0.5% 0% 0% 0% 0% 71% 5.5% 18.5% 23.0% 2.3% 0.9%
Table 5. Miss-c.lassiﬁcatioq rates of faulty data sets by the PCA models 2elo] AR 953 AYE BoIFT), 0] AL o ARG ndly) 7k
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22 continuous 19 composition 12 manipulated

Mode variables variables variables
PCA DPCA PCA DPCA PCA DPCA
1 0% 0% 0.9% 0.9% 0% 0%
2 4.6% 1.6% 0.8% 0% 14.7% 7.8%
3 132%  92% 4.0% 0.6% 0% 0%
4 0% 0% 0% 0% 0.9% 1.0%
5 7.5% 9.1% 152%  20.8% 6.5% 5.5%
6 0% 0% 1.3% 4.3% 0% 0%
Average 4.2% 3.3% 3.7% 4.4% 3.7% 2.4%
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SPE : squared prediction error
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