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Need for Data Science in Curricula

« The data deluge

— Companies own terabytes of data

— Sensor-based data generated rapidly
« Value lies in making data actionable

— Need for highly skilled employees
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Evolving STEM Curricula: Data Education

Traditional Approach Data Science Approach

* Problem solving based on « Complex, real-world data
models « Advanced analytical tools

* Analysis of small datasets « Interactive visualizations that

using basic statistics
« Simple data visualization

y=1.0564x + 3.95
R*=0.9916
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Pl and Data Science

Big Data

Time Series Relational

N
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Pl to Deliver Time-Series Data

* Live, time-series data seamlessly delivered to students
— Many data sources on campus
« Shared services and utilities
 Buildings
 |oT and lab-based sensors
— Collaborations with industry
— Hosted data and data sharing with other universities
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Data Flow through the Pl System
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Toolbox for Data Science
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Pl Integrator for Business Analytics

* PI System data integrated with sophisticated Bl tools

tableaw 2SS
©Spotfire’

m Power Bl TIBCO Software

@ osisoit. USERS CONFERENCE 2016 © Copyright 2016 OSIsoft, LLC



Pl Integrator for Business Analytics

« Power Bl & wind farm power generation data

Ontario Wind Power Generation Ontario Weather Effects on Generation

Site Wind Farm Generation by Month, MWh Site Wind Farm Utilization vs. Wind Speed and Direction
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Pl Integrator for Esri ArcGIS

- 2
HOIET TOOLS VW OSlsoft | Esri | Oil and Gas Dashboard ? - 8 x
Wells A Cat Canyon Operations Dashboard Map PI CoreSight |[ Trucks
Qs ® Y- %y } p b @ Pl Coresight | | . m} Roustabout Miguel =
CE-08300011 = 7 ey homepage loc | W (Read Onl | Fuel: 0.00 gal

New Undo Redo Messages Help "
@ Y FowRete 25082 K53/ e 2 de e

™" Flow Tubing Pressure 18121 psig

1/6/201 e © cmmasTo e a Electrician Bob
S Fuel: 0.00 gal
Cor CE-08300073 500 400 Speed: 2,69 mph
B _ﬁ_ Fiow Rate: 362.30 k sft3/n
| 7 fewTubing preceine 9026 pdg a Welder Joe
IR0, Fuel: 68.22 gal
Speed: 10.84 mph

CE-08300083

1/6/2014 11:19:10 AM 1/6/2014 12:19:10 PM
Flow Rate: 30246 k sft3/n PR R 2R R BB Pt Lauren
ing Pressure: 167.81 psig g 2 Fuel: 1652 gal
19 PM

Speed: 26.13 mph

CE-08300101

@ 4‘ Flow Rate: 247.43 k sft3/n

Flow Tubing Pressure: 247.27 psig

Bottom Hole Pressure Truck lse!awl

Roustabout Miguel

. This truck has consumed 0.00 gallons
Flow Rate

and has driven 316,019.69 miles

Roustabout Miguel

250.92

Flow Tubing Pressure

GeoFences [ Aterts
181.21 @ 'Sy [ Add ] Search Alerts (8) A Search... i <
Fleet Average Speed
GeoFenceld Category  Name Incident Name Resource Resource Name  Description s
i ~) Danger Zone 1 Items | @) cumutative 8 1tems =
Esriu Dangeroushrea/Danger Zone  Dangerausérea Danger Zone | DangerousArea Roustabout Miguel | Ongoing for last 54 seconds. = b 10.68 mph
Priva . 295.17 k sft3/h 2) Drilling Activity 1 ltems Dangeroushrea Roustabout Miguel Ended at Mon Jan 06 17:18:05 UTC 2014 and fasted for 36 seconds.
BT Yy Aetien Atiie DannerausArea Roustahout Carnl  Onanina for last 2 minutes and 40 seconds. 2
il I} J O < I J » Fleet Average Speed

osisoft. USERS CONFERENCE 2016 © Copyright 2016 Osisoft, LLc 10




Pl Integration with R

* R platform central to Data Science
curriculum

— Free and platform-independent tool

— Complex statistical analyses and data
visualizations accomplished easily

* Pl Integrator for BA to bring in historical
data

* Pl Web API

— Advantages include complex
calculations, real-time deployment,
ability to write back to PI
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Pl Integration with R

* Program developed to quickly pull large amounts of data
Into R

— We're sharing this as a learning resource

* Look for it on GitHub with an announcement on Pl
Square
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Data Science Lab
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What we’ll cover

= OSlsoft Learning Labs
* |loT sensor data — historical and live
= Remote access
* End-to-end machine learning examples
» Predictive maintenance — equipment failure
» Predict hourly energy usage — facility/building
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Predict engine failure/remaining useful life

Lab Exercise
In a deployment with about 100 engines which are similar, sensor data such as rpm, burner fuel/air ratio,

pressure at fan inlet, and twenty other measurements plus settings for each engine — for a total of about 2000
tags — are available. On average, an engine fails after 206 cycles, but it varies widely - from about 130 to
360 cycles.

Using an open source tool such as R for machine learning, you will create a multivariate model to
predict engine failures within approximately a 10 cycle window before they fail. The lab will walk through
the end-to-end data science process — preparing the dataset, visually exploring it, partitioning the data for
training and testing, validating the models using previously unseen data, and finally deploying the model
with AF asset analytics for predictive maintenance.

Level: 300 (familiarity with R will be useful but is not a requirement)
For hands-on experience, please enroll in the TechCon lab — Day3 or Day 4

http://www.osisoft.com/uc2016/sf/day3.html - Use Data Science for Machine Learning and
Predictions based on Pl System data
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Engine failure prediction

# get pcl equatieon

pcleq =
for |

Archive |Samp|ed I Plot | Summary I Data Pipe ‘

Attribute: [predicted status
File Search View Go Tools Help

@ Database ¥ QueryDate - O &5 | (D Back () |E, CheckIn Start Time:
Elements Engine_1

} &3 Elements General | Child Elements | Af

Retrieval Type: | Tims

_____ 8 ses : Fiter StartTime: [2/20/2016 11:58:00 PM [E=][» | end Tme: [2/21/2016 5:00 am =] =] [=][=]
..... g el I | ® Engine_1|Status O Engine_1|Predicted Status

3 Engine_13 i . 2
#2 +i|| = g ot " Stopped Will Fail

..... & Engine_15
44%0. 8 Engine_16

ggas|| I & Engine_17

# getll - g #(*s13°-(2388))

foant fa0 02y

..... ¥ pc2  |+( setting

pcma3 | (zpcliPrev

if pemads6f |—mo— |
Failure|then "Will 0.5

Scheduling: (@) Event-Trig

Q_0
2202016 11:59:00 PM 5.02 hours 2/21/2016 5:00:00 AM

Trigger on

| Add Attrbutes... | | AddPIPoints... | | Traces.. || Close

272172016 3:00:00 A | |

@ osisoii. USERS CONFERENCE © Copyright 2016 OSIsoft, LLC 17




Building/facility — HVAC and Power

Power Profile
1H Cooling

Facilitie
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Building/facility — HVAC - Economizer
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Building/facility - Predict hourly energy use
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https://github.com/osisoft

(€ ) ©® & GitHub, Inc. (US) | https://github.com o | [T
Updated on Jan 6
PI-Web-API-White-Paper c# Jd P3

Supporting files for White Paper - Developing with Pl Web AP
Updated on Dec 21, 2015

PI-AF-SDK-Basic-Samples c# %3 o
Self-contained and reproducible samples of basic operations using Pl AF SDK.
Updated on Nov 24, 2015

PI-Web-API-Programming-Online-Course c# w1 b2
JavaScript and C# source code for the online course "Programming in Pl Web API".
Updated on Oct 30, 2015

Pl-Web-API-Samples JavaScript 0 {0
A collection of example projects that uses the Pl Web API
Updated on Oct 30, 2015
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Call to Action + Q&A

* Think about how these tools fit into your curriculum
» To discuss your course syllabus, contact Erica Trump

Erica Trump, PhD Gopal GopalKrishnan, P.E.
etrump@osisoft.com gopal@osisoft.com
Instructional Systems Designer Solution Architect

OSilsoft, LLC. OSilsoft, LLC.
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