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Abstract — Batch and semi-batch processes have played an important role in the chemical industry, because of their capa-
bilities to produce high-value products such as fine chemicals. Monitoring batch processes is very important to ensure their safe
operation and to assure the production of consistent high-quality products. Multivariate statistical analysis method using mul-
tiway principal component analysis(MPCA) provides efficient monitoring scheme by removing constraints in the batch pro-
cess such as the presence of significant nonlinearity, the absence of steady state. But this method has too many parameters,

delays computing speed, makes it inaccurate to predict future observations. In this study we suggested more rapid, accurate
monitoring and diagnosis methods by constructing local models based on time intervals. In special we could select faulty sen-

sors by checking the real-time contribution of variables on the abnormal

events. The suggested monitoring and diagnosis

schemes were tested to PVC polymerization reactor, capable of monitoring faults and diagnosing the assignable causes in the

good performance.
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Fig. 2. PVC polymerization reactor.

Table 1. Process measurement variables

No. Measurement No. Measurement

vl  Reactor temo. v6 Quenching water heat

v2  Jacket inlet temp. v7 Jacket cooling water heat

v3  Jacket outlet temp. v8 Agitator heat

v4  Reactor pressure vo Agitator sealing water heat

v5  Conversion vi0 Reflux condenser cooling water heat

vil Agitator ampere
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Table 2. Model overview

No. of PC Explained variance Eigenvalue
1 0.365 7.669
2 0.581 4.537
3 0.710 2.707
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Fig. 3. Process measurement trajectory of reference batch.
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Fig. 4. Loading coefficients of each PC classified by variable(v1-v11: from left to right).
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Fig. 5. Determination of three time intervals for local models.

3) 9F TAETt Akoz FolaA 22He o

o A8 AE5FE T 2os YA 2y Yw¥oz ujg el Al 7B Z1Eel sl ol golEtn BRE & AdslEW o)y
FEES 002 gk WS ZUBY B4 H3sRAL gtk ‘o ot A HAEA: T scorerhyS Ao TAWSE 8
Table 3. Local models overview
Section Time interval 1(1-50) Time interval 2(51-200) Time interval 3(200-241)
No.PC Exp. var. Eigenvalue Exp. var. Eigenvalue Exp. var. Eigenvalue
1 0.358 7.512 0.385 8.090 0.326 6.845
2 0.593 4.946 0.628 5.107 0.525 4.179
3 0.694 2.120 0.776 3.092 0.699 3.661
Table 4. Physical meaning of each PC in the all models
(JHL : Jacket Heat Load, RHL : Heat Load within the Reactor, ReR : Reaction Rate)
Model:
PO s Total model Local model 1(1-50) Local model 2(51-200) Local model 3(201-241)
t1-score(+) JHL(+) "1-16 " ; JHL(-) JHL(+) JHL(-)
" 17-50 "; JHL(+)
t2-score(+) RHL(-) RHL(-) RHL(+) RHL(-)
t3-score(+) Reaction rate(+) "1-16 " ; ReR(+) ReR(-) ReR(+)
"17-35"; ReR(-)
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Fig. 6. Comparison of prediction errors of global model with that of local models.

(b) t2-score monitoring chart

() tl-score monitoring chart

(c) t3-score monitoring chart

Fig. 7. Monitoring charts for an abnormal batch.

(d) Hotelling’s Statist monitoring chart
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Fig. 8-1. Monitoring charts of an abnormal batch on the Ist time
interval model.
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Fig. 8-2. Monitoring charts of an abnormal batch on the 2nd time
interval model.
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Fig. 9. Contribution charts of total model.
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Fig. 10. Contribution charts of local model.
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E : residual matrix of a new batch
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E  :residuval matrix for historical database

Fr1r : F-distribution with R and IR degrees of freedom
* degree of freedom for chi-squared distribution
:null hypothesis

: alternative hypothesis

rindex for batches

: total number of batches

:index for measurement variables

: total number of variable measurements

:index for time intervals

: total number of time intervals

: loading vector

: loading matrix

:index for principal components

thg-gwwuw)—c—nmm:-
- S

: total number of principal components

]

: diagonal element of covariance matrix of t scores
SPE :squared prediction error

t :score for a new batch

t . score vector

T*>  :Hotelling's statistic

X  :historical database

adjoja 2xt
o :level of significance
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