
#OSIsoftUC     #PIWorld      ©2018 OSIsoft, LLC#OSIsoftUC     #PIWorld      ©2018 OSIsoft, LLC

PI System Analytics, Fit for Purpose

Gopal GopalKrishnan, P.E.,  Solutions Architect

Curt Hertler, Principal Technical Advisor

1



#OSIsoftUC     #PIWorld      ©2018 OSIsoft, LLC

PI System Analytics – Fit for Purpose

ABSTRACT

Attend this talk as we cover scenarios to illustrate the different levels 

of analytics that are fit-for-purpose when using the PI System - for 

example, what calculations and analysis do you do in AF, when do 

you use MATLAB for advanced calculations that hook into AF and 

when do you call on “data science and machine learning ”. 

Use cases will focus on equipment i.e. pump or motor or compressor 

etc. as well as on a process. 
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• Functional Scope
• Descriptive, diagnostic, predictive, prescriptive

• Business Scope
• Usage-based Maintenance  - UbM 
• Condition-based Maintenance - CbM
• Predictive Maintenance – PdM

• Simple predictive  (Advanced CbM)

• Advanced predictive - Statistical, Machine learning…

• Architectural Location
• Edge device, Server or cloud based
• Analytics during data collection? 

• …
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Layers of Analytics – View Thru’ Multiple Lenses

- Process Insight & Excellence

- Improved Reliability
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Layers of Analytics  - Process Operations
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Layers of Analytics - Maintenance & Reliability

Usage based maintenance 
(UbM) 

Condition based maintenance 
(CbM)

Predicted maintenance 
(PdM)

Predictive
Simple
Advanced (Machine 
Learning)
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• Functional Scope - Process Insight & Excellence 
• Descriptive, diagnostic, predictive, prescriptive

• Business Scope - Improved Reliability
• Usage-based Maintenance  - UbM 
• Condition-based Maintenance - CbM
• Predictive Maintenance – PdM

• Simple predictive  (Advanced CbM)
• Advanced predictive - Statistical, Machine learning…

• Architectural Location
• Edge device, Server or cloud based

• …
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Layers of Analytics – View Thru’ Multiple Lenses
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• Configure calculations for 
transparency and scale

• Math, statistical, and time-based  
functions

• Integration with MATLAB

• Testing and operationalization of 
predictive analysis models 

• Condition-based notification

• Supports future data for 
forecasting

Descriptive Analytics – PI Asset Analytics
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Diagnostic Analytics – Trending and Event Awareness 

• Access to operational data in 
real-time with tools suited to 
Operations.

• Supports ad hoc, self-service 
investigation.
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• Transactional data is 
recorded in a tabular 
format with values 
associated by columns 
in each row.

• Real-time data is 
recorded with only 
time context,
i.e. value and 
timestamp.

56.902   03-SEP-2016 11:23 AM

Real-time Data is Different
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56.902   03-SEP-2016 11:23 AM

Location

63.781   03-SEP-2016 11:19 AM 58.341   03-SEP-2016 11:41 AM

Time

Asset

T

T T

T

F

F

Process ActionsScientific Fact

Daniel Bernoulli
(1700 – 1782)

Real-time Data Requires Context
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Location

Process 
Context

• Plant

• Process

• Assets

• Process Context

• Location

• Specifications

Asset
Hierarchy

Specifications

Real-time Data Requires Context
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PI AF Provides Context to Real-time Data
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Common Ground between Technological 
Contexts

Real-Time Decision Analysis Retrospective & Predictive Analysis

Descriptive
Condition & Performance

Visual
Dashboards & 

Multidimensional Assessment

Time and Event
Trending & Awareness  

Tabular 
Context

Time, Event and 
Asset Context

Predictive
Statistical Modelling
& Machine Learning

Specialized Models
Simulation & Optimization

PI Integrator for
Business Analytics

Supporting Analytics with Contextualized Data
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Diagnostic Analytics – Multidimensional Visualization, Dashboards 

Business Analysis

Product inventories

Asset Performance

Benchmarking

Dashboards

Collaboration

Analytics

Measurement

Correlation
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Feed Drying Process - Process and Regeneration Cycles

• Molecular sieve dryers remove 
water from hydrocarbon 
feedstock before entering 
reactor

• Proper regeneration is critical 
to avoid corrosion in acidic 
reaction

• Cyclic operation between 
Process and Regeneration 
cycles

• Regeneration cycle is 
indicated by high be outlet 
temperatures

Dryer A Regeneration Dryer B Regeneration
Also see PI World 2018 Layers 
of Analytics Hand-on Lab
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Predictive Analytics – Dryer Regeneration Guidance for Operations

• During Regeneration, monitor 
bed Outlet Temperature 
against a modeled profile, 
notify operator of deviations

• Prepare data using AF Analytics 
and Event Frames

• Publish dataset for model 
development and training

• Develop model in R/MATLAB

• Operationalize model using AF 
Analytics and R/MATLAB
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Feed Dryer Status – Regeneration Event Frames

• AF Analytic defines the 
beginning and end of 
regeneration cycle

• Digital state for each dryer 
with Process of Regeneration
states

• Start temp. = 170 F,
End temp = 175 F

• Confirm five hours since last 
regeneration to avoid short 
cycles caused by initial 
temperature fluctuation

• Backfill through 2017

If('Outlet Temperature' >= 'Outlet Temperature|Start of Regeneration Temperature'
And PrevVal('Operating State', '*-5h') = "Process") 

Then (If PrevVal('Operating State', '*')="Regeneration"
Then NoOutput()
Else "Regeneration")

Else
(If('Outlet Temperature' <= 'Outlet Temperature|End of Regeneration Temperature'

And PrevVal('Operating State', '*-5h') = "Regeneration") 
Then (If PrevVal('Operating State','*') ="Process"

Then NoOutput()
Else "Process")

Else NoOutput())
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Feed Dryer Bed Age – “Dryer Bed Processing Age”

If ('Operating State' = "Process"
And Not(BadVal('Process Flow')) 
And Not(BadVal(PrevVal('Process Flow','*'))))

Then 'Lifetime Total Dried Feed’ + 
TagTot('Process Flow', PreviousProcessFlowTime,'*') 

Else NoOutput()

• AF Expression analytic 
determines processing age of 
molecular sieve desiccant

• Enables bed balancing for 
maximum service

• Calculate Lifetime Total Dried 
Feed, converts  total volume 
from a volumetric rate

• Processing age :

Lifetime Total Dried Feed
Loaded Wt. of Mol. Sieve

• Backfill through 2017
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Dryer Regeneration – Publishing Summarized Dataset 

• Leverage AF model to Select, 
Shape and Publish tabular 
views to a variety of endpoints

• Event Views publish Event 
Frame data in either 
Summarized or Sampled
structures

• Sampled view combines 
aggregations taken over the 
Event Frame duration with 
Asset data sampled at intervals 
throughout the duration

Event Frame 
Attributes

Asset 
Element 

Attributes
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Dryer Regeneration - Sampled Event Publication
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Diagnostic Analysis - Event Frame Evaluation

• Sampled Event View dataset 
imported into Power BI.

• Shows outlet temperature 
profiles for all Event Frames 
with filters for dryer asset and 
cycle duration.

• Filter Event Frames to remove 
outliers from analysis.

• Acceptable Regeneration cycle 
durations between 7 and 17 
hours.



#OSIsoftUC     #PIWorld      ©2018 OSIsoft, LLC

Dryer Regeneration - Additional Feature for Refinement

4560 bbl. 6689 bbl. 5934 bbl. 3493 bbl.

• Determine if total barrels 
of feed processed 
during the Process cycle 
prior to each 
regeneration affects 
outlet temperature 
profile

• Analysis in Power BI 
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• Functional Objective - Process Insight & Excellence 
• Descriptive, diagnostic, predictive, prescriptive

• Business Scope - Improved Reliability
• Usage-based Maintenance  - UbM 
• Condition-based Maintenance - CbM
• Predictive Maintenance - PdM

• Architectural Location
• Edge device, Server or cloud based

• …

• …
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Layers of Analytics – View Thru’ Multiple Lenses
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Predictive and Prescriptive - Shape Metrics – Golden Run
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Shape Metrics - Regen Cycles Not OK or Bad Data

Bad Data

Shape Not OK
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Operationalize - Expected Temperature Profile (Prescriptive) 

Via Future data tag



#OSIsoftUC     #PIWorld      ©2018 OSIsoft, LLC

Shape Metrics - Operationalize the Model

Score the real time Temperature profile data
is the Temperature profile as expected?
can the difference from ideal be stated quantitatively? 
even if dissimilar, did we deliver enough energy?
what false alarms can I avoid?
after an alert, what corrective actions can I take?
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Shape Metrics - Operationalize the Model

3 hours into the process
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• Functional Scope - Process Insight & Excellence 
• Descriptive, diagnostic, predictive, prescriptive

• Business Scope - Improved Reliability
• Usage-based Maintenance  - UbM 
• Condition-based Maintenance - CbM
• Predictive Maintenance – PdM

• Simple predictive  (Advanced CbM)
• Advanced predictive - Statistical, Machine learning…

• Architectural Location
• Edge device, Server or cloud based

• …
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Layers of Analytics – View Thru’ Multiple Lenses
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• Usage-based Maintenance  - UbM 
• Motor Run-hours

• Compressor starts/stops

• Transformer – Load Tap Changer – Counts of Operations, Count thru’ Neutral

• …

• Condition-based Maintenance - CbM
• Delta P across a filter

• High bearing temperature

• High vibration

• …
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Maintenance – Usage and Condition based
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Maintenance – Usage based See PI World 2018 CBM 
Hand-on Lab
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Maintenance – Condition based See PI World 2018 CBM 
Hand-on Lab
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Maintenance – Predictive – RUL (remaining useful life)

See PI World 2018 Layers 
of Analytics Hand-on Lab
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Predictive – Statistical, Machine Learning … 

Predict engine failure – Principal Components  - TechCon 2016
100 engines, 20+ sensors per engine, aggregated data per cycle

~200 cycles of operation per engine
how long to failure? 

Anomaly detection (HVAC - Air Handler) - Support Vectors - TechCon 2017
7 sensors
~6 months of operations, 5 minute data

damper stuck open?  temperature transmitter failed? air supply fan constraint? 

Shape Metrics (profiles of operating variables)  - PI World 2018 Lab

…

Link

Link

https://pisquare.osisoft.com/docs/DOC-3463-predicting-remaining-useful-life-and-equipment-failure-using-a-machine-learning-multivariate-model
https://pisquare.osisoft.com/groups/facilities/blog/2018/01/04/data-sciencemachine-learning-use-case-with-hvac-air-handler
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• Functional Scope
• Descriptive, diagnostic, predictive, prescriptive

• Business Scope
• Usage-based Maintenance  - UbM 
• Condition-based Maintenance - CbM
• Predictive Maintenance – PdM

• Simple predictive  (Advanced CbM)

• Advanced predictive - Statistical, Machine learning…

• Architectural Location
• Edge device, Server or cloud based
• Analytics during data collection?   (National Instruments, InsightCM)  

• …
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Layers of Analytics – View Thru’ Multiple Lenses

- Process Insight & Excellence

- Improved Reliability
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• Access to the hands-on labs developed for the past 
two Users Conferences (~40)

• PI Products

• PI System Development

• Condition Based Maintenance

• Analytics with PI System Data

• Hosted PI System on the Microsoft Azure Cloud

• Monthly or Yearly Subscription
• Available to all customers via credit card payment 

• Free to EA Customers and Dev Club Members

• Great for Customer Demos
• Elevate Awareness for OT and Data Science (IT?)

• https://learning.osisoft.com 

OSIsoft Virtual Learning Environment
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• Gopal GopalKrishnan, P.E.

• Gopal@osisoft.com

• Solution Architect

• OSIsoft, LLC

• Curt Hertler
• Curt@osisoft.com

• Principal Technical Advisor

• OSIsoft, LLC

Thank You
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Questions

Please wait for the 

microphone before asking 

your questions

State your 

name & company

Please remember to…

Complete the Online Survey

for this session

38
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Thank You

Merci

Grazie
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