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On-line monitoring of measurement variables is carried out with the aim of
continuously analyzing and interpreting the measurements in order to detect and isolate
disturbances and faults. When MPCA is used to monitor an industrial process, the
Hotelling 7° statistic and SPE are usually investigated. However, the use of these
statistics for monitoring can cause many false alarms when a fixed MPCA model is used
to monitor the process. This can lead to new batches that are operating normally being
reported as faulty. For processes with gradual batch-to-batch variations, the confidence
limits for the Hotelling 7° statistic and SPE will change from batch to batch, making
adaptation of these limits necessary for on-line monitoring. In this section, we suggest a
simple approach to on-line batch monitoring using the consecutively updated MPCA
model. The procedure can be summarized as follows (Fig. 1).

1) Design an MPCA model based on a historical database of normal batches, as

explained in Section 3.

2) A new batch is projected onto the designed MPCA model and it is determined



whether the batch is successfully operated on-line.

3) If the new batch is successful, it is entered into the database of normal batches
and the oldest batch data is removed in the manner of a First In Last Out (FILO)
stack, with the number of normal batches being maintained constant. A new MPCA
model is then designed on the basis of the revised normal batches and its confidence
limits are updated. If the new batch is unsuccessful, the MPCA model is not updated.

4) This procedure is repeated whenever a new batch is introduced.



Design MPCA model

from updated normal batches

y 3

\ 4

New batch is projected onto
the designed MPCA model

1

No Is new batch

\ 4

successful?

Oldest batch is removed from normal batches

and new batch enters the normal batches

Fig. 1. Process monitoring scheme using a consecutively updated MPCA model.



Simulation study
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Batch Initial culture Batch Initial culture
No. volume (L) No. volume (L)
1 101.7 11 102.3
2 101.8 12 102.6
3 101.9 13 102.4
4 101.9 14 102.5
5 102.0 15 102.5
6 101.8 16 102.6
7 101.6 17 102.7
8 102.1 18 102.8
9 102.2 19 102.9
10 101.9 20 103.0

Table 1. A series of 20 test batches (initial culture volume change) regarded as

normal operation.
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Fig. 2. T’ and SPE on-line monitoring charts using (a) conventional MPCA and (b)
MPCA with updating for test batch No. 18, respectively.



