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Main message
Maintenance is an important part of the asset life 
cycle.
Maintenance costs can constitute anywhere from 3 
to 50 percent of production costs.

‘Fail and Fix’ is OUT.
‘Predict and Prevent’ is IN.

Paradigm shift underway in process operation: 
‘Listen’ to your data and use it to monitor the 
performance of your process.
Condition based monitoring (CBM) frees people’s 
time to do things that really matter in managing 
assets. 
Examine data in a multivariate framework.



Data-fusion/Information-fusion

Data cleaning/filtering

Data reconciliation

Time and event synchronization

Treatment of missing data



Information flow in an Asset Management System

Improved asset management results 
from focused data gathering

Fast networks and unimpeded data flow

Rapid decision making and response

Deliver the Right information to the Right people at the
Right time in the Right context



Condition based monitoringCondition based monitoring

Most valuable CBM technologies do four things:

Gather data automatically from multiple 
sources
Filter data for errors and relevance
Incorporate logic to identify conditions that 
require maintenance intervention
Integrate to other business systems that 
utilize the same information



Sensor/Information FusionSensor/Information Fusion

Look at all the data in a cohesive way.

Data analysis tools should be integrated
with the work flow process.

Examine data in the temporal as well as
spectral domains.



When there are so many trees, how do you
draw meaningful conclusions about the forest?

Is the overall process safe?
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Monitor all sensors Information overload??

Imagine looking at thousands of 
numerical values of data!
Without a proper data analysis tool, such 
an exercise will generate more heat than light!
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..sensors

A picture is worth
a thousand
words

Convert process data into a colour coded matrix



Reorder variables so that inter-relationships are easily seen
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A sensor-fusion toolbox?
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Compression & Quantization AnalysisCompression & Quantization Analysis



Overview of the dataOverview of the data

tag 1- 20 tag 21- 40 tag 41- 58

Interested in oscillations with period 2.5 hours                
( about 150 samples/cycle, or 1/150 = 0.0067)



Demonstration of the DVA Toolbox



Highlights of key results

Image-based softsensor design for interface level 
detection in the sep cell
Detection and quantification of valve stiction
Controller performance monitoring

Diagnosis of univariate loops
Assessing the impact of MPM on multivariate performance

Condition based monitoring using multivariate and 
machine learning methods
Data analysis and visualization
Reconstruction of missing data
Temporal analysis of process data for plant-wide 
oscillation detection
Design of softsensors based on multivariate methods



1.How to reconstruct compressed data?

Syed Imtiaz

Overview of 2 recent results



Process data is often compressed

If 1000 variables 
are measured in  
a process
8.75 GB of data is 
logged each day
equivalent to 
262.5 GB per month
3150 GB a year

Compression makes data archiving manageable
Facilitates transfer via Telecommunication
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Sensor Failure

Response Outside 

Instrument Range

Multi-Rate Data

Missing Data in Process Industries



Data Compression in the Process Industry

Compression

D
ec

om
pr

es
si

on

Data Historian

Data Analyst

Xraw
Xcomp

Xreconst

Xreconst≠ Xraw



Effect of Compression on Correlation Structure
Refinery Process Data

Uncompressed Data Correlation Color Plot Correlation Color Plot of Reconstructed Data from Swinging Door algorithm

Correlation Color Plot of Reconstructed Data from Wavelet  
compression algorithm Correlation Color Plot of Reconstructed Data using PCAIA



2. Oscillation Diagnosis using 
the 

Adjacency Matrix

Hailei Jiang*, Rohit Patwardhan#, Sirish Shah*,
Department of Chemical and Materials Engineering

*University of Alberta
#Matrikon Inc. 



How to effectively incorporate process 
knowledge and process flow sheet 
information for process monitoring?

How to use this information intelligently 
for process monitoring?

New paradigm: Use of the adjacency 
matrix in variability transfer and model 
quality monitoring.

Challenges in Data and Information fusion



Adjacency MatrixAdjacency Matrix

a

b

c

d

e

Richard Mah,1989



ReachabilityReachability MatrixMatrix
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b

c

d

e



Industrial Application 1 Industrial Application 1 –– Eastman ChemicalsEastman Chemicals



PV and OP dataPV and OP data

PV data OP data



Industrial Application 1 Industrial Application 1 –– Eastman ChemicalsEastman Chemicals
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Adjacency MatrixAdjacency Matrix



ReachabilityReachability MatrixMatrix



Tag LC2.pv LC2.op TI4.pv TC1.pv TC2.pv TI5.pv
OCI 4.77 3.86 2.56 2.45 2.27 1.53

Tag FC8.pv TC2.op FC8.sp TI8.pv FI3.pv PI2.pv
OCI 1.50 1.35 1.35 1.18 1.07 1.04

Oscillation Contribution IndexOscillation Contribution Index

Hailei Jiang, M.A.A. S. Choudhury and Sirish Shah
Detection and diagnosis of plant-wide oscillation from industrial data using the 
spectral envelope method,  Journal of Process Control, 2007, 2



Valve Valve StictionStiction DiagnosisDiagnosis

1.   These plots confirm a pattern of valve stiction.

2.   Plant test has confirmed that this loop is the root 
cause.



Concluding Remarks
Use your data. It is a key resource for quality 
and productivity gains
The real world is multivariate and NOT 
univariate. Data/Sensor fusion and information 
extraction is important.
Treat equipment as well as algorithms as 
‘assets’; 

Visit and revisit assets regularly
Benchmark process performance

Process monitoring or CBM needs an advanced 
set of efficient temporal and spectral data analysis 
tools



Additional remarks

CBM for reliable process operation and 
asset management is a journey and not a 
destination.
Start simply…but start  
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Thank you for listening.

Questions?



ADCONIP- May 4-6, 2008

Symposium on Advanced Control of 
Industrial Processes
Will be held in Jasper, Canada in the 
Canadian Rockies

ADCONIP 2002, Kumamoto
ADCONIP 2005, Seoul

You are invited to attend this conference
For information visit: www.adconip2008.org



ADCONIP- May 4-6, 2008

To be held at Jasper Park Lodge



ADCONIP- May 4-6, 2008

Confirmed speakers include:
Karl Astrom (Sweden)
Jian Chu (China)
Barry Cott (Shell USA)
Shinji Hara (Japan)
Zenta Iwai (Japan)
Dale Seborg (USA)
M. Vidyasagar (India)
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