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Outline

Overview of Umetrics software

Process monitoring
— Multivariate approach
— SPC, MSPC, BSPC

Case study
— Multivariate batch modelling of pharmaceutical gwotion
— DEMO
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Umetrics Software products
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Umetrics PAT family
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Why Process Data Analysis?

1. Monitoring the state of the process, statisfocacess control (SPC)
— Early warning
— Diagnostics - finding assignable causes

2. Understanding the relationship between
— Input variables, X (feed, process data)
— output variables, Y (product quality, cost, amoyrdld etc.)

3. Optimisation
— Use process models to improve process
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Statistical Process Control - SPC

Obijectives of SPC

Monitor process performance

— Continuously monitoring process
measurements

Detection of upsets

— Statistical alarm limits detects deviating

measurements

Finding assignable causes
— Interpret deviations
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Main Difficulties are:

Large number of variables
Variables highly correlated
Poor signal to noise ratio
Noise

Missing data



Problem with overviewing many variables

Process variables
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Traditional SPC = Univariate SPC
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—= ] - The deviationis not detected unless the
S variables are combined

. ' - Most variables are correlated

R __ - The key to early fault detection is the
= . correlation structure, not the original
— | variables
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Multivariate Approach to Process Monitoring

Based on Statistical Process Cont&iP(C) philosophy
— Based on historical process data
— Future behaviour is referenced against a statisnodel of good past behaviour

— Multivariate Statistical Process ContrtdSPC

Empirical models are easily built from the histatidata base
— First and second order models are often good apppations

Non-directional

— Detects any deviation from normal behaviour - ndedse complemented with
tools for diagnostics

For batch processeSSPC
— Most processes are batches in pharmaceutical aauathg
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Objectives of Batch Modeling

BSPC: Batch Statistical Process Control

Monitor batches in real time, as they are evolving
Use all of the measured variables and their cdrosia
Make a model representative of normal good batches

Detect upsets of new batches at their start, iregrpnd take corrective

action

Predict quality of the completed batch (soft ses)sor
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Batch modelling - BSPC

Batch Statistical Process Control

Models are developed from a set of accepted battNesmal process
conditions”)

These models provide a powerful tool to monitor matches as well as
to make on-line predictions

The simplicity of presentation and interpretatidrtemmon SPC charts
IS retained despite the multitude of variables mess

Diagnostic information is obtained with a mouselcli
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Example: Simple Pharma Batch modelling

Data

From an exothermic reaction, part of pharmacelupicaduction

* One of several stages

— 7 process variables measured throughout time

— 8 good batches for training set, establishing rradrprocess conditions”
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11 new batches for monitoring and predictions
Batch evolution measured over approx. 650 timatpoi

DEMO
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Conclusions
Both continuous and batch processes can be monitored/controlled and

modeled using a multivariate approach

MSPC gives overview of all measured variables and their correlations

BSPC even account for timely differences throughout batch

MSPC can often detect deviations long before univariate SPC
Monitoring on-line gives the possibility to take corrective action

Perspectives
» Hierarchical modeling
« Multiple phases and production steps can be modeled and linked

« Combination of data from raw material / feed + NIR + process possible
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