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Goal: Gain a better understanding of data science practices
for process data and the Pl System

e Definitions and general concepts
e CRISP-DM Process

e Best practices and pitfalls

e Case study
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Nomenclature

&

Data Science is an interdisciplinary
field of scientific methods, processes,
algorithms and systems to

extract knowledge or insights

from data in various forms.
-wikipedia

OSlsoft.

PI WOI’|C| SAN FRANCISCO 2018

Artificial
Intelligence

Machine
Learning

Deep
Learning
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https://en.wikipedia.org/wiki/Knowledge
https://en.wikipedia.org/wiki/Data

CRISP-DM

SINess Data
¢ CRoss Industry Standard Process for SEEELLL Sl UL
Data Mining
* Among most popular methodologies Data
* Emphasizes cycles and iterations Preparation
Source: KDnuggets
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Story: Optimize Building Energy Consumption
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Inception: Management or SME

Start from a “Sharp Question”

e “Can the building wake up later?” Business Data

Understanding Understanding

Business owner plays a key role

Data
Preparation

4|

Plﬂ 0 Ej e' I rl g

o N 4

e Facilities Manager

Envision the delivery mechanism

e “Recommendation engine? Direct control?”

Evaluation

SME and data professionals start engaging

* Many conversations until they speak the same
language

0OSlsoft.
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Pitfalls

Myth: The data scientist can do it all!

Business Data
Understanding Understanding

Targeting the wrong question
BEIE!
Preparation

Losing sight of bottom line value to the
b us | ness Deployment Modeling

Evaluation

Getting crushed between political gears
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* Q: Why did you become data scientists?

* A: Because “Superhero” is not a job title!
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Pitfalls

Myth: The data scientist can do it all!

Business Data
Understanding Understanding

Targeting the wrong question
BEIE!
Preparation

Losing sight of bottom line value to the
b us | ness Deployment Modeling

Evaluation

Getting crushed between political gears
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SRR s s /%~ / A
Building the “Model”

Engage with data engineers, Pl Admins

Business Data
Understanding Understanding

e Python and R libraries by OSlsoft, Pl Web API, AF SDK,
Pl Integrators, Pl SQL libraries -~
Preparation

"

e ;

\ /\

Evaluation

Build the features and the model

e Some features can be built in Pl

Constantly ask for validation from the SME

e Does it make sense?
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Process Data Can Be Significantly Different!

Features typically have to be engineered from raw data

It is usually not the traditional “time-series” analysis

Pl System can do a lot!

e Raw, summarized, or interpolated data
e Event Frames
e Hierarchy in AF is crucial

SME plays a key role

OSlsoft
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Is the goal of the project to...

... predict?

... control?
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Explainability
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Tradeoff

Artificial Neural Networks

Ensemble Models

Random
Forests

Statistical Models

Bayeslan
Bellef Nats
Markov Statistical
Models Relational
Learning
Decision Trees

Enfropy Galn
Models
better explainability (nominal)
OSlsoft.
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Graph Models

better precision

Source: ResearchGate GmbH



Pitfalls — Veering off the process

Building model for something uncontrollable

Business Data
Understanding Understanding

Mixing correlation with causation

Data
Preparation

Not including data engineering concerns for
deployment

Deployment Modeling

A

Not leveraging Pl capabilities in feature
engineering

Evaluation

0OSlsoft.
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Evaluation — Loop back with the Business

Guarantees we answered the right question

Business Data
Understanding Understanding

Forces us to measure real value, often in
dollars, man-hours, or other tangible resources

Data
Preparation

Not triviall

Deployment Modeling

Evaluation

Caution: data scientists speak a different
language than process people
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Deployment — Data Engineers Are Key

Productizing the model

Business Data
Understanding Understanding

Simpler models can be deployed in Pl; some control
models are built into the control network

Consult with PI Admins and Data Engineers early

Data Governance can pose challenges in production

0OSlsoft.
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Reproducible Work Is the Differentiator

Assume your work is going to be repeated and tweaked frequently

e Models veer off

e Physical systems change

e Priorities evolve

* New business owners come
® You get reassigned!

Leverage tools such as Jupyter Notebooks or other commercial platforms

0OSlsoft.
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The Cycle Repeats

OSlsoft.

PlWorld san rrancisco 2018

Business
Understanding

Deployment

Data
Understanding

Data
Preparation

Modeling

#OSIsoftUC  #PIWorld

©2018 OSlsoft, LLC

23



Case study: Interacting with
Pl System data
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Reduce wasted cooling energy

Optimize the startup of the Variable Air Volume Cooling
(VAVCO) units to improve the building’s energy efficiency

Unit Setpoint Occupancy
Startup reached start
Time I I I >
—— = »7:00 AM
Cooling \Wasted
Duration Lregrgy

OSlsoft.
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Setting ourselves up for success

« How are the data streams
structured?

« How do the data behave?

Data
Preparation

1]
« What information is relevant
N 7 for the problem?

Evaluation

(]
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Understanding the Asset Framework

\

\

Data

Sources

I

/

& 0Slsoft.
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Pl Server

; Asset
Data Archive :  Framework

T o
EE W [E]
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Explore hierarchy and trends

OSisoft

File  Search View Go

Tools  Help

aDatabase F% Query Date -~ (© @ @ Back

@ \\PISRVOT\Lab Building Data - P| System Explorer (Administrator)

H, Checkin %3 « (2] Refresh

3 Mew Element

Elernents

VAVCO 2-03

& Elements
B (3 Building

Bl & Floar_2
3 VAVCO 2-03
3 VAVCO 2-09
(3 VAVCO 2-11
3 VAVCO 2-13

e (1 Weather
[} Element Searches

General Child Elements  Attributes ports  Analyses  Notification Rules

7 Elements

= Event Frames

Pl\World san rrancisco 2018

Fitter
‘ﬂ *|E| & £ Name 2| Value

=] Category: Control
] E(‘/" %% cooling Eﬂ S
B &F Actual Airflow 143 ft3fmin
B % Damper Command 27.2284507751465 %
m <7 Damper Position 27.2222194671631 %
| &F Desired airflow 150 ft3fmin
] &F Room Temperature F2degF
= ¥ Space Humidity 42 %

= Category: Cooling
] &F % cooling 0%
| ¥ Cooling Damper Time (seco... |90
] &F Cooli
elld PIS Expl
1o ystem Explorer
m &F Unocd

(Hierarchy)

VAV Unit: VAVCO 2-03
Side of building: West

AC Unit: AC-2

[ 92672017 9:59:03 PM__|

Pl Vision
(Values)

L 1 L

912072017 3:52:54 AM 272017 37‘
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Leveraging data science tools

.
» Data science tools are great W B
File Edit Code View Plots Session Build Debug Profile Tools Help
- S - op - A Go unction ~ Addins ~ R Project: (None) =
for data exploration T3 -
Filter 2 [ % mport Dataset + | & List ~
“ ftimestamp value it iati good i T Global -
- - 1 2017-03-02117:23:08.362854Z 3.0 1 o ~ Data @
PY 2 2017-03-02T17:24:39.7241516Z 73.0 1 0 Ddata 249 obs. of 6 variables
an O n I rarl‘ e: ; a 3 201703-02T17:29:39.8366546Z 730 1 0 pivebapiserv.. Environment
piwwebApiser.. Environment
N 4 | 2017-03-02117:4:40. 28796502 7o ! ° ©Oresponseda 1000 obs. of 6 variables
5 2017-03-02117:39:40.1460266Z 3.0 1 o O rimes POSIX1T[1:1000], format: "2017-03-_
use e are available e e L
7 2017-03-02117:49:40.2656555Z 7.0 1 ° values
. 8 2017-03-02117:5440.7639772 3.0 1 ° debug FALSE v
via Pl Developers Club la—— - o et o e -o
10 2017-03-02718:04:40,66259767 730 1 o - P Zoom | Dot - | 0 | of -
1 2017.03.02715:09:40.95852667 7.0 1 o
. - - 12 2017-03-02718:14:40.94602967 7.0 1 o
e nttps://github.com/osimioe - IR R
. » < >
- Showing 1t0 14 of 1,000 entries
Web-API-Client-R o e == "1
‘/ ) ~ °
. . > Timestamp <- strptime(data$timestamp,format='%FTHR:I%S5.%0SZ') & 5
- > plot(Timestamp, Temperature) ‘| o~
. s://github.com/osimloeff/Pl-  #i%=s v
. " Tn xy.coords(x, y, xlabel, ylabel, Tog) : Nas introduced by coer g
cion = |
. > plot(Timestamp, Temperature, type='1") =~
- - - warning message:
In xy.coords(x, y, xlabel, ylabel, log) : NAs introduced by coer “
cion o4
> data <- piwWebapiservice$datasgetrecordedvalues(path = "pi:\\\\
pisrvol\\euilding_pata 101215.AnalogvaluelQl.Presentvalue”, star T T T T T
tTime = "01-Jun-2017", endTime = "01-3Jul-2017", maxCount=10000)
> Temperature < datasvalue Jun08  Jun13  Jun18  Jun23  Jun28
> Timestamp <- strptime(data$timestamp,format="%FT%R:%s.%05Z")
> plot(Timestamp, Temperature, type='1") Timestamp
>
v
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Transforming data to information

Business Data
Understanding Understanding

Data
Preparation
Data l,t
Deployment

N

Evaluation

0OSisoft.
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Modeling

« How should | aggregate time-
series data?

* Which features are relevant
for model prediction?

« How can | make the data
available for modeling?

#0OSIsoftUC  #PIWorld  ©2018 OSisoft, LLC
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Time series data are complex!

%& Temperature

Air flow
VAVCO-1 Humidity
@ N Temperature
Air flow

Humidity
VAVCO-2 €O,

OSlsoft.
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Need to shape and export data

VAV Unit:

Side of building:

AC Unit:

L

9/20/2017 8:52:54 AM

OSisoft

VAVCO 2-03
West
AC-2

Pl\World san rrancisco 2018

9r26/2017 9:59:03 PM

% Cooling at VAV Start

Actual Airflow at VAV Start

Damper Position at VAV Start Element Name

C

| S |
W27/2017 8:52:54 AM

19.917
19.85
19.883
27.608
19.9
19.9
19.85
9.9

0
0
0
0
0

40
66
96
343
94
79
87

38

50
a0
a0
a0
a0
52.667
44
35.333
24.556
41.444
33.333
44.556
30
52
a0
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VAVCO &6-11
VAVCO 6-11
VAVCO 3-10
VAVCO 3-09
VAVCO 5-12
VAVCO 5-10
VAVCO &-07
WVAVCO 6-11
VAVCO 4-03
VAVCO 6-11
VAVCO 3-09
VAVCO 607
VAVCO 512
WVAVCO 510
VAVCO 3-09

©2018 OSlsoft, LLC
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Labeling the data — easy, right?

« Separate first cooling period
of day from others

« When is a cooling period
finished?

 Typical process data issues
(data alignment, gaps, etc.)

g"" OSlsoft.
PlWOrId SAN FRANCISCO 2018 #OSIsoftUC  #PIWorld  ©2018 OSisoft, LLC 34



Event Frames help aggregate data

VAVCO startup - VAVCO 5-10 - 2017-09-25 03:05:30.938

General Child Event Frames Referenced Elements Attributes

Fiffer

2 ¢ 8 B Name

4 Value

925/2017 3:00:00 PM

L L
9/25/2017 12:00:00 AM

§‘, OSlsoft.
PI World SAN FRANCISCO 2018

i &7 o Cooling at VAV Start

566.8999328613281 %

&7 Actual Airflow at VAV Start
& Damper Position at VAV Start

— Element Name

-{?' Qutside Air Temperature at VAV S...
&% Outside Relative Humidity at VAV ...

&% Room Temperature at VAV Start

-{,7 Room Temperature when setpoint ...

&7 Setpoint at VAV Start

— Setpoint Offset at end time

= Setpoint Offset at start time

— Setpoint reached

¥ Setpoint when setpoint reached
7 Space Humidity at VAV Start

#OSIsoftUC  #PIWorld

51 ft3/min
54.8888893127441 %
VAVCO 5-10
60.4192047119141 °F
60.2470664978027 %
76.5 °F

725 °F

72 °F

0.5

4.5

True

72 °F

36.5 %

5

©2018 OSlsoft, LLC
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Data ready to go into model

VAV Unit: VAVCO 2-03
Side of building: West

AC Unit: AC-2

9/20/2017 8:52:54 AM

OSisoft
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% Cooling at VAV Start Actual Airflow at VAV Start

Damper Position at VAV Start Element Name

19.917
14
. 19.85
L 19.883

27.608

972612017 9.59.03 PM 19.9
19.9

92712017 8:52:54 AM

0 50
0 a0
0 a0
0 a0
0 a0
40 52.667
66 44
96 35.333
343 24.556
94 41.444
79 33.333
&7 44.556
0 30

Pl Integrator for Business
Analytics

Pl OLEDB Enterprise
Custom AF SDK

#0OSlsoftUC  #PIWorld

VAVCO &6-11
VAVCO 6-11
VAVCO 3-10
VAVCO 3-09
VAVCO 5-12
VAVCO 5-10
VAVCO &-07
WVAVCO 6-11
VAVCO 4-03
VAVCO 6-11
VAVCO 3-09
VAVCO 607
VAVCO 512
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That looks funny...

Warning signs:

* Unexpected straight lines
* Missing data

e System digital states

OSisoft

P| World san rrancisco 2018

d

L

A T

2172017 12:00:00 AM

Humidity?

#0OSlsoftUC  #PIWorld
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Potential energy savings discovered

* |dentified important factors for
predicting cooling time = Gefore

1200 4 e Mean

EEl Regression

1000 1

* Linear regression fits the data

B0 4

600

Hours in test set

400 ~

tCOOl =b+ mqXq + -+ mp Xy

200 1

Waste
Discomfort

0OSlsoft.
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Putting the model to work

* How can | operationalize a
model after it has been
Llrfjsgirt::;rlg l_Jr'|de?;§'|dir|g d eve I O p e d ?

Data

Preparsien « What options are available for
- recording model predictions?
Deployment Modeling

N

Evaluation

OSlsoft.
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Data flow implemented in the lab

Apache
Pl System ‘ Kafka
Pl Integrator for

Business Analytics
Advanced

Python-based

—

ML Model

Consumer

Pl Web AP * Microsoft Azure Event/loT Hubs

* SAP HANA Smart Data Streaming
* Asset Analytics - MATLAB Integration

0Slsoft.
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Different tools for different stages

- * Asset Framework
usiness : Dﬂti _ . .
Understanding Understanding ° PI VlSlOn/PI ProceSSBOOk

- * PI DataLink (MS Excel)
* Python/R libraries

"

Evaluation

OSlsoft.
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Different tools for different stages

Business Data

e Jndersanding * Pl Integrator for Business
Analytics

« PI OLEDB Enterprise

"

Evaluation

OSlsoft.
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Different tools for different stages

Business Data
Understanding Understanding

\

Data
+ PI Integrators

"

| * Asset Analytics with MATLAB
- Integration
N

Evaluation

OSlsoft.
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Keys to success

« Communication is king
* Process data has unigue challenges
« Pl System has tools to enable data science

* Your knowledge of data science is a major differentiator.
Leverage it!
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-
How much data science and advanced analytics is being done in the PI community?
Posted o @ o8
]
ALOT!

My colleague. 8 Brian Bostwick, and | have been asking ourselves this question how much data science and advanced analytics is being done in the Pl community? As a me]
PI World in San Francis And the result was overwheiming! So much so that we started crafting a list to build a mental map of what's happening between the PI System on one sidg]
turns out the manufacturing world is very much up to speed already. What we found was that leveraging data sclence in manufacturing s quite ubiquitous and wide-spread across mull
Forest and Paper, Industnal IT. Life Sciences, Water, and Metals and Mining

[Another observation s that there is quite a bit of low hanging frut. | e, implementing simpler methods, such as inear regression or decision trees, can yieid huge improvements to the
other benefits such as easier reproducibillty of the process. We also leamed that many users do feature-engineering within the P System nght where the tme series data lives. This aj
process nicely, avoid moving data unnecessarily or creating new sios.

.
L ab S al l d O I l I I I I e C O u rS e S [Anyway, we got so encouraged that we decided to share the oulcome with the whole community. The list inciudes offerings by customers, partners, and OSIsoft empioyees. You can fin)

we#l as learning opportunities in the form of talks and hands-on labs (later days in the week) Hope it can help you navigate the piethora of activities at P World. More detats cg|
in case you notice a discrepancy between the agenda here and the pubiic event website the latter shouid be taken as the final authorty.

Day 1 - Tuesday, Apr 24:

« Enterprise Infrastructure:
© 315-3:45 - How eBay is implementing a “Cockpit® view of its Data Centers — Jeff Tepfer, Remi Duquette

« Industrial Analytics
© 230 - 3:00 - kcing Prediction Using Forecast Data - Antoine Amosse
© 315 - 3:45 - Correlating Photovoltaic Power with imadiance using Pre-Packaged Machine Leaming - EDP
© 415 - 4:45 - Advanced Analytics and Diagnostics for Fieet-Wide Remote Monitoring — Beatrz Blanco
© 5:00 - 5:30 - SIO Perform Stream@Air Liquide: How OSIsoft P1 with Analytics Improve ROI - Yukito Chiba, Oivier Rioux, Andrea Roy

« Pl World presentations

« Oil and Gas
© 11.45 - 12.30 - Enabling a Business Transformation Journey at Apache Corp with the Pi System as a Strategic OT Infrastructure and Analytics Platform — Kelly Sherril
© 315 - 4:00 - The Evolution of Pl System at EQT — Oscar Smith, Brian More!

« Forest and Paper
© 945 - 10.30 - PI System and B, Essential Tools for Productivity in the Paper Industry — Rick Smith, Jim Gavigan

List of talks available on Pl Square

* Talk to other users, partners,
and us

bit.ly/DSPIWorld18

OSlsoft.
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Dallas Swift
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Data Scientist
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Questions

Please wait for the
microphone before asking
your qguestions 2

State your :
name & company

g"" OSlsoft.
PI WOI’ld SAN FRANCISCO 2018

Please remember to...

Complete the Online Survey
for this session

Download the Conference App for
OSlsoft Users Conference 2017

* View the latest agenda and create your own
P> Google Play

* Meet and connect with other attendees
8 WML

search OSISOFT in the app store
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Mercli iﬁj iﬁﬂ
Danke

Cnacumnbo Gracias
. Thank You
AL C} HOOMNES
Grazie Obrigado
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