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a  b  s  t  r  a  c  t

The  primary  objective  of  batch  data  as  trajectory  alignment  (or  synchronization)  is  to  standardize  the
data  sampling  per  batch  according  to the  evolution  of  the  process,  and  secondarily  to  homogenize  the
samples  per run.  The  use  of an indicator  variable  performs  both  objectives  well.  Two  examples  from  the
pharmaceutical  sector  are  discussed  to illustrate  the  different  ways  to  deal  with  uneven  samples  across
batches  and  across  variables  in the  same  batch.  Since  trajectory  alignment  requires  large  time  investment,
a  simple  triage  approach  is  proposed  to  assess  the  need  to  analyze  the  dynamics  of a  given  process  and
hence  perform  alignment.  The  presented  examples  are  representative  of  a broad  variety  of  batch  processes
that  are  operated  by  recipe  in  the  pharmaceutical  sector.  In  our  experience,  the  variables  associated  with
the  automation  triggers  in  these  recipes  are  the  best  indicator  variables  to use for  alignment.  This  is
due  to  (i)  the  fact that  the  trigger  variables  are  easy  to identify  from  the  automation  of  the recipe,  (ii)
operators  are  familiar  with  these,  (iii)  the  target  values  for  triggers  are  known  a  priori  and  hence  the
resulting  alignment  scheme  can  be performed  in  real-time  for  monitoring  applications  and  (iv)  it  makes
the  monitoring  scheme  easy  to  understand  and  justify  around  the  design-space  since  the  design-space
may  originally  be  defined  in  terms  of  the  trigger  variables  for  each  phase  of  the  batch.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

The application of multivariate latent variable models to analyze
batch processes has been widely studied and discussed in literature
in applications ranging from the analysis and troubleshooting of the
process using historical data from the network of sensors installed
in the process; process monitoring and fault detection for continu-
ous quality assurance; process operation design and optimization;
and control. These techniques have been successfully implemented
in industrial settings, with some applications available in the public
literature and excellent reviews written on the topic [1,2].

A  batch recipe will commonly be executed by a series of instruc-
tions that trigger the available actuators based on process targets
(temperature, weights, pressured, etc.) and will often have uneven
time-length. Due to this uneven time duration across batches a key
exercise in performing any statistical analysis of batch data is the
need to align (or synchronize) the samples taken throughout the
run, for all batches available. This is necessary so that sample i
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(across batches) correspond to the same state of evolution for a
given process variable (i.e., temperature from the heating phase for
batch A should not be contrasted with the temperature during the
reactive phase for batch B). Nomikos and MacGregor [3] identified
the indicator variable approach to synchronize the data. Kassidas
et al. [4] later proposed to use Dynamic Time Warping when there
was no other observation of the evolution of the batch.

This  work presents our experience in dealing with these
situations with two examples representative of those in the phar-
maceutical sector. We also comment on the expectations of a batch
alignment exercise from a practical perspective and finally present
a triage method to assess the potential impact of the dynamics of
a process onto the final product quality; and hence determine the
need to invest the necessary time and effort to align the data, or
not.

2. 2D Multi-way methods and process dynamics

Data sampled from a dynamic system will contain samples of
variables as they change with time. The data can then be arranged
in any number of ways, depending on the model structure to
be used (data is only a set of numbers with some contextual
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