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Example of Early Abnormal Event Detection

ÅReal-time model (sped up here) of an ethylene compressor

ÅAlerts start two hours before a historic surge event

ÅAlerts point to the variables that are key in understanding the event

ÅOpportunity for operator to avoid or mitigate the process impacts



2023 © Process Plant Computing Limited

Benefits of Early Event Detection

ɈThe method successfully identified a 
historical significant furnace event almost 
two and one half days before the event 
occurred, flagging the exact instrument 
that was failing. The application has 
identified 3 significant events during its 
first 8 months of operation. 

ɈCPM has been actively notifying the 
console operator of any abnormal 
process conditions to the furnace with an 
on stream time of 99.9%.ɉ
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The Geometric Process Control Framework



Geometric Modeling

Building and Evaluating a Model

of Fault -free Process Operation
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The Beginning: Process Data
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Visualizing High Dimensional Data

Graph with one point in time showing the entire process
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Two Months of Operation in One Graph

ÅLots of patterns conveying process information

ÅMultiple modes of operation

ÅProcess excursions
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Single Event Investigation

ÅIdentify behaviour leading to one event

ÅCombustion conditions ɀNO, NO2, water injection differ from normal operation
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Envelope of Normal Operation

ÅRemove Ɉprecursorɉ behaviour (yellow): leading to any event

ÅRemove Ɉrecoveryɉ behaviour (blue): transients after startup

ÅRemove unusual transients: cluster tool

ÅRemaining (orange) is a normal operating envelope
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Single -Variable Limit Operating Window

ÅIndividual variable limits pick up most disruputions only 
minutes away from trip 
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Could an Operating Envelope Do Better?

ÅIf power Feed and GasTare imbalanced, yellow at bottom left/top right, could indicate 
precursor to a trip!

ÅCanɅt capture this with limits on single variables.



Real-Time Geometric Models

for
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2-D Schematic of Operating Envelope
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2-D Schematic of Operating Envelope
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CPM: Dynamic Ranges from Operating Envelope
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CPM: Dynamic Ranges from Operating Envelope
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CPM Operator Display
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Building a GPC model

1. Using Visual Explorer, decide with hindsight 

where the plant should have operated by 

applying objectives (e.g. normal operation) as 

a query. 

2. óFocusô on the selected points, remove 

unwanted variables and save the points. 

These represent best past experience to be 

targeted in the future. 

3. Open the file in Process Modeller. In real time, 

the current operation and envelope limits are 

shown to the operator
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Operators view ɀGas Turbine/Generator Condition Monitoring

ÅOperatorsɅ display compressed: six hours in 10 seconds

ÅWarning 5 hours before upcoming event; individual variables give only 5 -10 minutes



Warning of impending surge event

in an ethylene refrigeration compressor

Early Event Warning:
Multi -Stage Compressor
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Ethylene Process

ÅOperation near surge offers best efficiency

ÅProcess and external disturbances have potential to push compressor toward surge

ÅJT valves near compressor protect from surge but process can take hours to recover following 
activation

ÅOperators manage process demand and false load to balance these
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Compressor surge

ÅEthylene refrigeration system

ÅLong settling time because of 

interaction with the process

ÅAvoid conditions where surge is likely



2023 © Process Plant Computing Limited

Building the Geometric Model

ÅCreate an envelope from past operation far from fault conditions (yellow)

ÅAvoid entering the fault condition black space

ÅViolations of the envelope in real -time increase in the turquoise space when approaching the 
fault condition

ÅOperations model, need warning times of many minutes so operator can act
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Model Criteria

ÅAction of anti -surge valves is the onset of event

ÅPrecursor period extends twelve hours before event
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Model and Test Data

ÅModel lies within precursor data

ÅSingle variable excursions provide little warning time
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Early Surge Warning

ÅOperator alerts begin two hours before event

ÅAlerts point to the variables that are key in understanding the event

ÅOpportunity for operator to avoid or mitigate the process impacts
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Compressor Event Performance

ÅModel run on 30 historic events

Å40% of surge events seen at least 15 minutes in advance

Å80% of surge events seen over 5 minutes in advance

ÅExtra time for operators to understand situation and make corrections



Ethylene Cracker Case Study

Fault Detection
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Ethylene Cracker Digital Twin

Å2 days 12 hours before event: Normal Operation

Reproduced courtesy of the author from ɈA Novel Approach to the Event Prediction and 
Mitigation Problem in an ethylene plantɉ, Bell, M., Paper 098D, Proceedings of the AIChE Spring 
Conference 2015



2023 © Process Plant Computing Limited

Ethylene Cracker Digital Twin

Å2 days 11 hours before event: first deviation detected

Reproduced courtesy of the author from ɈA Novel Approach to the Event Prediction and 
Mitigation Problem in an ethylene plantɉ, Bell, M., Paper 098D, Proceedings of the AIChE Spring 
Conference 2015
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Ethylene Cracker Digital Twin

Å1 day before event: large deviation

Reproduced courtesy of the author from ɈA Novel Approach to the Event Prediction and 
Mitigation Problem in an ethylene plantɉ, Bell, M., Paper 098D, Proceedings of the AIChE Spring 
Conference 2015
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Ethylene Cracker Digital Twin

Å2 minutes before event: large deviations on three tags

Reproduced courtesy of the author from ɈA Novel Approach to the Event Prediction and 
Mitigation Problem in an ethylene plantɉ, Bell, M., Paper 098D, Proceedings of the AIChE Spring 
Conference 2015


