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Process Modelling with Parallel 
Coordinates for Big Data
Process Plants: Data and Challenges

Big Data Connection

Parallel Plot

Discovery and optimization 
◼ Big data discovery

◼ Focus/drill down

◼ Optimization

◼ Hypothesis testing, answering questions

Parallel Coordinate Representation of Multivariate Process Envelopes
◼ Targeting specifications

◼ Economic operation

◼ Event prediction

Summary and Questions
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Process Data Challenges

Data Size

Diverse sources
◼ Plant historian(s)

◼ Events

◼ Operation logs

◼ LIMS

◼ In/out material assays

◼ Fenceline/legal/custody meters

◼ Plant energy usage

◼ Rework

◼ Total failures
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Results: Performance
◼ Yield, On-spec, Throughput, 

Uptime, Upsets

◼ Costs: Energy, Materials, Disposal, 
Maintenance

◼ Operation: Alarms, Controllability

Questions:
◼ What are the important variables 

and interactions?

◼ What are target ranges?

◼ Are there interactions do we didn’t 
expect?

◼ Is our practice and understanding 
consistent with the process?

◼ Can we capture and replicate the 
best operation?



Data Scales

We look at smaller subsets: 
◼ 10 variables around a unit

◼ How long? Maybe a couple weeks of data

◼ One or two lab measurements

◼ Hourly averages

◼ 3500 values: maybe that’s enough….

Ignoring 99.99993% of the available data

What value is thrown away?
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Example: Cryogenic 
Liquefaction and Separation

Engineers would focus on one unit or even just one piece of equipment

Deep process integration

Ideal operation: can we look at it all at once?
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Data Today

770 variables

Snapshots every 10 minutes

1 year

40 million individual measurements
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Parallel Plot, One Row

77 variables on this screen

Axes are parallel rather than perpendicular

Process snapshot of a single time

Line connects process conditions across all three units 7



Full Dataset

Each jagged line still represents one point in time

Links process causes and performance results

Line patterns and density capture process behaviour

Have already filtered: shutdown, events, process-quality time offset 8



Target Operating Envelope

Best operation: 
◼ Ideal product compositions

◼ Yield

◼ Best energy usage

◼ Complex combinations
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Clearly identify
◼ where we should

◼ where we do but shouldn’t 
operate



Quality Across Three Units

Envelope of Quality Operation visible across entire process

Variables in all three envelopes contribute to hitting quality targets

Possible to see and focus on key operating variables and ranges
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Comparing Operations

Impacts go through process: all units

Can see which variables and operations downstream are affected

Visually obvious differences
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Event Prediction: 
Compressor Surge

Ethylene refrigeration system

Long settling time because of interaction with the process

Avoid conditions where surge is likely 12



Method

Create an envelope from yellow past operation excluding the fault to be predicted

Avoid entering the fault condition black space

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

Operations model, need warning times of many minutes so operator can act
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Fault Free Envelope

Model lies within suspicious data

Single variable excursions provide little warning
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Event Anticipation

Single event

Alerts begin 2 hours before event

16



Ethylene Furnace Example
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Ethylene Furnace Example

Furnace Historical Event – 2 ½ days before event - Normal

Reproduced courtesy of the author from “A Novel Approach to the Event Prediction 

and Mitigation Problem in an ethylene plant”, Bell, M., Paper 098D, Proceedings of 

the AIChE Spring Conference 2015



Ethylene Furnace Example

Furnace Historical Event – 2 days 11 hours before event – Alert rings in – Small deviation from normal

Reproduced courtesy of the author from “A Novel Approach to the Event Prediction 

and Mitigation Problem in an ethylene plant”, Bell, M., Paper 098D, Proceedings of 

the AIChE Spring Conference 2015



Ethylene Furnace Example

Furnace Historical Event – 1 Day before event – Alert continues - Large deviation from normal

Reproduced courtesy of the author from “A Novel Approach to the Event Prediction 

and Mitigation Problem in an ethylene plant”, Bell, M., Paper 098D, Proceedings of 

the AIChE Spring Conference 2015



Ethylene Furnace Example

Furnace Historical Event – 2 mins before event – 3 Alerts

Reproduced courtesy of the author from “A Novel Approach to the Event Prediction 

and Mitigation Problem in an ethylene plant”, Bell, M., Paper 098D, Proceedings of 

the AIChE Spring Conference 2015



Ethylene Furnace Example

H109 Historical Event – Event is occurring – Multiple Alerts as operator is bringing furnace down

Reproduced courtesy of the author from “A Novel Approach to the Event Prediction 

and Mitigation Problem in an ethylene plant”, Bell, M., Paper 098D, Proceedings of 

the AIChE Spring Conference 2015



GPC Summary

Process experts can visually interrogate 
hundreds of variables at once

Operating envelopes for process optimization, 
energy minimization, stable operation

Potential for real-time process monitoring 
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Questions
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