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Workbench for Relevant Operational Analytics

Data Engineering and Preparation

» Pl System offers distinctive features for preparing time-series data for
advanced analytics, e.g. asset context, process context and feature generation.

Access, Analysis and Model Enablement

« Pl System provides multiple data access methods, meeting needs of
data engineers or scientists.

Testing, Evaluation and Operationalization

« Asset Analytics plays an essential role in testing and evaluating developed models.
« Pl Vision and Future Data support model integration and socialization for gaining
relevance within Operations.

Accountability

» PI System provides verification of improvement benefits

Eé 7 OSisoft
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Data Engineering and

Preparation
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eal Time Data is Different

. 2% leakno [l A% compue 0002 B A% cty Bl A% erade | A% read locar B8 map [l A% plar Bl AR vock Bl A% daerepd B
Al 7200201621 00201621 San Jose 3 Under Drway ofm 3411 F07 040 11/28/2000 14:00:00
. . P 7501200081 01200081 Santa Clara 3 o/m in s/e cor of Humbolt Ave 3411 808 010 1/5/200111:00:00
L4 Tra n Sactlo n a I d ata IS re CO rd ed ENl 7501200091 01200091 Santa Clara 3 o/m 2" into property 3411 D06 028 1/4/200101:30:00
PN 7501200121 01200121 Santa Clara 2 o/m, 3' from sidewalk 3411 D05 012 1/16/2001 10:00:00
i n a ta b I r f rm t 'th I El 7201200841 01200841 Santa Clara 3 1% ofm under concrete pkstrip at e/end of drway 3411 a07 028 8/27/2001 11:00:00
u a O a WI Va u es Rl 7201200851 01200851 samta Clara 3 1% under drway at curb & Gurter 3411 A0B 015 8/28/2001 10:00:00
. . Pl 7503200121 03200121 San Jose 3 1575 Parkveiw Ave. 3411 Ho7 044 3/23/2003 09:48:00
aSSOCI ated by COI u m n S I n ea Ch 3 7203200461 03200461 Santa Clara 3 1% in svc tee area ofmain 3411 co7 026 11/10/2003 07:33:00
LW 7505200241 06200241 Santa Clara 3 s/w cor Princeton Wy x Princeton Ct on main 3411 coz 012 2/6/200613:15:00
A0l 7506200271 06200271 Santa Clara 3 S/E cor Homestead x Lawrence Exwy valve frmegcover 3411 co7 016 2/7/2006 11:40:00
rOW- [Nl 7506200351 6200351 Santa Clara 7 O/M @ svc tee (Longside) 411 o8 057 2/16/2006 10.00:00
APl 7506200241 06200441 Santa Clara 3 OVEr Main next to srvc tee 3411 D07 048 3/8/2006 13:00:00
EN 7806200431 06200481 Santa Clara 2 on main or tee 3411 D08 052 3/10/2006 09:45:00
AT 7506200491 06200491 Santa Clara 2 on main ovr sewer not venting to house 3411 D08 053 3/10/2006 10:00:00
° Rea I_ti m e d ata i S reCO rd ed FEl 7506200501 06200501 Santa Clara 2 btwn #s 3145 & 3155 Mauricia Wy on main or tee 3411 D08 008 3/10/2006 11:25:00
Al 7506200511 06200511 Santa Clara 3 on tee $/0 driveway 3411 D08 056 3/10/2006 14:00:00
. . . ALl 7505200541 06200541 Santa Clara 3 ontee 3411 D08 049 3/15/2006 13:30:00
WI t h O n I y tl m e CO n text I e ALY 7206200561 06200561 San Jose 7 ovr main btwn Greendale & Auburn on Albany 3411 E08 014 3/16/2006 13:45:00
’ " " L 7806200611 06200611 Santa Clara 3 15' from drway about 15" in parkstrip @svc tee 3411 FO7 041 3/22/2006 13:45:00
H Pl 7505200641 06200641 Santa Clara 3 3% OVER MAIN NEXT TO SEWER 3411 08 012 3/23/2006 14:00:00
Va I U e a n d tl m eSta m p . pAN 7506200651 06200651 San Jose 3 on main or srvc tee 3411 F08 072 3/24/2006 11:15:00
gl 7E05200631 06200681 Santa Clara 2 5" in parkstrip fr/swk over tee on main 6' from... 3411 o7 006 3/28/2006 13:40:00
pEY 7506200701 06200701 Santa Clara 3 36' EO W p/l Olympus. 2% In water box 3411 08 053 3/28/2006 13:00:00
PPN 7505200711 06200711 Santa Clara 2 F/O ofmain (under ree) 3411 HOB 023 3/29/2006 11:00:00
pL] 7505200721 06200721 Santa Clara 2+ ofsvcftee about 3' from drway in parkstrip 3411 07 014 3/29/2006 13:10:00

* Full-featured “observations”
are required for analytics.

56.902 03-SEP-2016 11:23 AM

) 0Slsoft
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Prepare Operational Data for Experimentation

+ Sensor data unevenly
timestamped

* Domain experts supply known
relationships and impacting
features

 Features and labeled events
are added by backfilling in
Asset Analytics

» Benefit for Operations and
advanced analytics

* Prepared features persist for
model operationalization and
notification

7 oslsoit
ES' Pl'World san rrancisco 2020

63.781 3/9/16 11:19 AM

56.902 3/9/16 11:23 AM

Operational Process Actions

Context
e S e Aggregations &

@] Experimentation

» 58.341 3/9/16 11:41 AM
S
I H—z+pg+29—h+2g

First Principles

Operational
Relevance

Future Data

Predictive Results

et i PREDICTID RUGLUERATION TIAL

Notification

#PIWorld ©2020 OSilsoft, LLC




Aggregations and Units of Measure Observance

Unevenly Spaced Events

Value welp

[
Q
- -

Correct: Time-weighted

Average = 20.208
. /" Incorrect: Arithmetic
Y 10+20+15+25+30 + 10 + 20 = 18.571
5 E 6 7

Time —
Measured Rates Converted to Totals

Time Stamp
7/5/2017 8:00
7/5/2017 8:20
7/5/2017 8:40
7/5/2017 9:00
7/5/2017 9:20
7/5/2017 9:40
7/5/2017 10:00

Value

8,828.5
8,845.1
8,861.6
8,894.8
9,045.2
9,171.3
9,199.9

7 0Slsoft
& PlWorld san rancisco 2020

Units
gal/d
gal/d
gal/d
gal/d
gal/d
gal/d
gal/d

Gallons

0.0
122.8
123.1
123.5
125.6
127.4
127.8

Correct: Unit Conversion

Total = 750.2

Incorrect: Arithmetic

Sum = 62,846.4

gal

#PIWorld

©2020 OSilsoft, LLC
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Time at State and at Conditions, Dynamics

—

N

Asset Runtime

Exposure to Conditions

TimeGT (‘Outlet Temperature', *-100d', ™', 37.8)

15-Mar-20 3:57 AM

Yg53.4

ﬁ“’ 0Slsoft.
Pl'World san rrancisco 2020
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Dynamics: The Way the Cookie Crumbles

Cookie

Quality
Dough N
Moisture 7 \
Distance, d1 'i
Conveyor
Speed, s
Modelling Phase Moisture Temperature Quality
Training Observations *—(d1+d2)/s *—d2/s *
Prediction * *+d1/s *+(d1+d2)/s

) 0Slsoft.
&' PlWorld san rancisco 2020 #PIWorld ~ ©2020 OSlsoft, LLC 8



First Principles Analytics - Asset Analytics

» Configure calculations for &

transparency and scale \>- H\L'Il'E

Ballles

Hi Auid i
Cold fluid out ., ' \\:-“T e
wW. b o

[ Math, Statistical, |Ogica| and HeatExchangerKeyPe-q.ﬁ:rmanceJ'ndicatar.-
steam table functions

Q
A x corrected LMTD

=

. . . . RULE: IF the heat cransfer coafficient Iz decraozing,
° Predlctlve algebralc analytlcs THEN the Heat Exchanger FOULING 11}

Cleaining is required!

[ ] F u tu re d at a fo r fo re C a Sti n g %__E;mirr:n G.aneral Chid Elements  Attrbutes Ports  Analyses  Notifton Rules Version

: 3 e239 ol ] Name: Heat Duty
= g ?33 o m & @ Name Backflling i
....... -
€, Bement Searches 9 = Ji  teatDuty (/) =
9 = H HighHeatDuy @ & Expression Rollup

- Backfill ! Backfill ! Backfill ! e

Add 2 new variable Evaluate

Name Expression Output Attribute

LMTD |(('Hﬂt Side Inlet Temperature’'-'Cold Side Outlet Temperature’) - ('Hot Side Outlet Tem

LMTD |

(('Hot Side Inlet Temperature'-'Cold Side Qutlet Temperature') - ('Hot Side Outlet

Temperature’-"Cold Side Inlet Temperature')) / Log(('Hot Side Inlet Temperature’-'Cold Side
Outlet Temperature')/ ('Hot Side Outlet Temperature®'-'Cold Side Inlet Temperature'})

ﬁ“’ 0Slsoft.
Pl'World san rrancisco 2020 #PIWorld

©2020 OSlsoft, LLC 9



Label Time Ranges of Interest — Event Frames

Outlet
Temperature

iy
11472019 10:21:00 PM

7 0Slsoft
&5 PItA

Tl sAN FRANCISCO 2020

Event Frame Search Results 1

Filter

B 5 Name Duration Start Time End Time =
# = Dryer A Regeneration Cycde 01-04-19 03:06 9:54:00 1/4/2019 3:06:00 AM 1/4/2019 1:00:00 PM

= d“. F==| Dryer A Regeneration Cyde 01-05-18 04:30 8:42:00 1/5/2019 4:30:00 AM 1/5/2019 1:12:00 PM

= == Dryer A Regeneration Cycle 01-06-12 01:36 -8:L8:OD .1;'6;‘20!9 1:36:00 AM 1/6/2019 9:54:00 AM

Outlet Temperature

V72019 2:10:00 PM

#PIWorld ©2020 OSilsoft, LLC
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Framing Rule from Outlet Temperature Pattern

Data Engineering
Process

7 osisoft
& PIWorld san rrancisco 2020 #PIWorld  ©2020 OSlsoft, LLC
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Framing Rule from Outlet Temperature Pattern

Data Engineering
Process

First Backfill

Asset If 'Outlet Temperature' >= 170
Analytics Then "Regenerating”
Else “Process"

7 osisoit
PIWorld san erancisco 2020 #PIWorld  ©2020 OSlsoft, LLC 12



Framing Rule from Outlet Temperature Pattern

Data Engineering
Process

First Backfill
 “False Starts”

7 osisoft
PIWorld san erancisco 2020 #PIWorld  ©2020 OSlsoft, LLC 13



Framing Rule from Outlet Temperature Pattern

Data Engineering
Process

First Backfill

 “False Starts”

Second Backfill

Asset Iff TagAvg('Outlet Temperature',"™-1 h','*')|>= 170
Analytics I'hen "Regenerating”
Else “Process")

7 osisoit
ES‘ Pl'World san rrancisco 2020 PIWord 62020 Osleart LLc »



Framing Rule from Outlet Temperature Pattern

Data Engineering
Process

First Backfill

 “False Starts”

Second Backfill

* Missing third
“Standby” State

7 osisoft
& PIWorld san erancisco 2020 #PIWorld  ©2020 OSlsoft, LLC 15



Framing Rule from Outlet Temperature Pattern

Data Engineering
Process

First Backfill

 “False Starts”

Second Backfill

* Missing
“Standby” State

Third Backfill

Asset If TagAvg('Outlet Temperature',"”*-1h","”*') >= 170
Analytics  Then "Regenerating”

Else | (If 'Outlet Temperature' >= 120
Then "Standby"
Else “Process")

EE 7 osisoft
PI V !f;': Cl SAN FRANCISCO 2020 #PIWorld ©2020 OSlsoft, LLC 16



Framing Rule from Outlet Temperature Pattern

Data Engineering
Process

First Backfill
 “False Starts”

Second Backfill

* Missing
“Standby” State

Third Backfill

e Useit!

7 osisoft
& PIWorld san erancisco 2020 #PIWorld  ©2020 OSlsoft, LLC 17



Complete Observation with Event Frame Attributes

Outlet
Temperature

EE 7 oslsoft
PI v ."!

50, Dryinds
1472012 10:21:00 PM

| SAN FRANCISCO 2020

Event Frame Search Results 1

Filter

3|3 Name Duration Start Time End Time | Awg Outlet Temp | Max Cutlet Temp
B & = Dryer A Regeneration Cyde 01-04-1903:06  |9:54:00 | 1/4/2019 3:06:00 AM | 1/4/2019 1:00:00 PM 324.4degF 444.3 deg F

B & - Dryer A Regeneration Cyde 01-05-19 04:30 [aa2:00 | 1/5/2019 4:30:00 AM ' 1/5/2019 1:12:00 PM 346.9 deg F 444,3 degF

L] d" == Dryer A Regeneration Cyde 01-06-19 01:36 .3‘. 18:00 l 1/6/2019 1:36:00 AM . 1/6/2019 9:54:00 AM l339.0 degF 441.3degF

V72019 2:10:00 PM

#PIWorld

©2020 OSilsoft, LLC
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Complete Observation with Event Frame Attributes

1742018 10:21:00 PM

7 0Slsoft
&ﬁ PIV

Cl SAN FRANCISCO 2020

Duration

Event Frame Search Results 1

Filter

E| 5 Name Duration Start Time End Time 4/ | Avg Outlet Temp | Max Cutlet Temp Q§ | Drying Cyde Duration§ | Drying Cycle Barrels
#| == Dryer A Regeneration Cyde 01-04-19 03:06 9:54:00 1/4/2019 3:06:00 AM 1/4/2019 1:00:00 PM 324.4degF 444.3deg F 13.8h 5259.6 bbl

= !P: =={ Dryer A Regeneration Cyde 01-05-19 04:30 -8:42:00 - 1/5/2019 4:30:00 AM . 1/5/2019 1:12:00 PM . 346.9degF .444. 3degF 14.0h 5189.7 bbl

i d': =={ Dryer A Regenelration Cyde 01-06-19 01:36 .8.: 18:00 . 1f6{2019 1. 36:0[] AM . 1/6/2019 9:54:00 AM 3l39.D degF l441. Eldeg F 1L 1.h 4207.6 bbl

0 5:10:00 PM

#PIWorld

©2020 OSilsoft, LLC
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Access, Analysis and

Model Enablement

OSlsoft.
PlWorld san rrancisco 2020 #PIWorld  ©2020 OSlsoft, LLC



Enabling Analytics for Operational Intelligence
Retrospective & Predictive Analysis

Real-Time Decision Analysis
| N il o = e
A T=
Diagnostic _
Trending & Awareness Visual
Dashboards &
Multidimensional Assessment
APpp x kh =
Q= =
141.2uBy{In 22 — 3 + S} s
Descriptive , | | ALY AT
Condition & Performance Time, Event and Tabular ﬁ“\*_&& TR
ondit @ Asset Context Context — —
Predictive ;
Common Ground between Technological Statistical Modelling
Contexts & Machine Learning
#PIWorld ~ ©2020 OSlsoft, LLC 21

Event Frames
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Open Data Access for Advanced Analysis Tools

Self-service access for Everyone

Pl System

Pl Integrator for
Business Analytics

S S ——

Direct programmatic access for Data Engineers and Scientists

Elements

i Elements
(G Campus Weather
— £ Main Campus
i [k~ [ Headguarters
[ [F IT Network

->

Pl System )

7 oslsoft
E&F PlWorld

SAN FRANCISCO 2020

Pl SQL Client* (OLEDB)
Pl OLEDB Enterprise
Pl Web APl and AF SDK

Ok s R s

MS SQL or .csv File Python,
Azure or AWS Power B,
etc.
: |
o & * Requires RTQP
T | — option in
S t=_':;:_ Pl Server 2018
: .w.&.u:f-ﬂ!ﬁ;-‘?-n'-_;—::\_z.a:v;m.«:
Python,
Power BI,
etc.

#PIWorld ©2020 OSlsoft, LLC 22



Pl Integrator for Business Analytics
Easy, scalable way for users to create contextualized views of operational data.

) 2. Modify View
» Select assets and their :

attributes from an r

AF hierarchy.

, . okl 2 R - —
*  Modify view by setting =2 e
time range, row interval, - - = =
and column =
i e Pl Integrator for
aggregatlons- = Business Analytics

& wet

Add filtering rules to 3o
« ” 9 1. Select Data 8o
cleanse” data. =

. Publish once or on a
scheduled bases.

Azure
SQL Data Warehouse

Tabular
Contex

Time, Event and

Asset Context
Azure

Data Lake store

ﬁ"’ 0OSisoft.
PIWorld san rrancisco 2020 #PIWorld  ©2020 OSsoft, LLC >3



Pl Integrator for Business Analytics
Easy, scalable way for users to create contextualized views of operational data.

, 2. Modify Viey e
+ Select assets and their =T = e
attributes from an r : -2 = = 1 -+ bublien
AF hierarchy. & - == = . Publis
*  Modify view by setting o 1 E == B = S
time range, row interval, - - = = i—
and column = i f REEH——
: e Pl Integrator for
aggregatlons' = Business Analytics
Add filtering rul i= —mm
« dd te,, g rules to 1. Select Data = EEEETE
cleanse” data. @ osi..
. - WeEa E =T Pl Views
* Publish once oron a
scheduled bases. SADAN | <50 scrver

Tabular
Contex

Time, Event and
Asset Context

g
NERREELED

ﬁ"’ 0OSisoft.
PIWorld san rrancisco 2020 #PIWorld  ©2020 OSsoft, LLC 4



Pl Integrator for Business Analytics

Easy, scalable way for users to create contextualized views of operational data.

l 3. Publish

*  Modify view by setting e : =i B |
time range, row interval, H = = ' i—

: 2. Modify View m—
« Select assets and their e

attributes from an r

AF hierarchy.

& b e s e

and column =
. o PI Integrator for
aggregatlons' Business Analytics
Add filtering rules to
« » 9 1. Select Data
cleanse” data.
. Publish once or on a Redshift
scheduled bases. S3
Kinesis

Tabular
Contex

Time, Event and
Asset Context

7 osisoit
&' PIWorld san erancisco 2020 #PIWorld ~ ©2020 OSlsoft, LLC 25



Pl Integrator for Business Analytics
Easy, scalable way for users to create contextualized views of operational data.

l 3. Publish

I S

time range, row interval, - - = i : e L Eem
and column = I
aggregations. =

:‘Add fllte’r’lng rules to 1 Select Data
cleanse” data.

2. Modify View

« Select assets and their — =
attributes from an r
AF hierarchy. = =i

+  Modify view by setting = = =

PI Integrator for
Business Analytics

& wet

!

Google Cloud Services

' |
« Publishonceorona Coming Soon!

scheduled bases.

Tabular
Contex

Time, Event and
Asset Context

7 0Slsoft.
&' Pl'World san rrancisco 2020 #PIWorld  ©2020 OSlsoft, LLC 26



Visual Analytics — Multidimensional Tools

Dryer Iz‘ Timestamp.5tartTime.Local Iz‘ TimeStamp.EndTime.Local Iz‘ TimeStamp.Local IZ‘ Duration Iz‘ Elapsed Time Iz‘ Dryer Pressure IE‘ Qutler IZ‘
1/2/2017 700000404

Dryer B

Dryer B 1/2/2017 74
Dryer B 1/2/201774
Dryer B 1/2/201774
Business
Analysis
Product
Inventories

Dryer B

Dryer B

Dryer B

Dryer B

Dryer B

Dryer B

Dryer B

Dryer B

Dryer B

Dryer B

Dryer B

Asset
Performance
Benchmarking
Dr;/'er B 1/2/2017 71
Dryer B 17273017 T
Dryer B 17272017 T
Dryer B 1/2/2017 71
Dryer B 1/2/2017 71
Dryer B 1/2/2017 7-00:00 AM
Dryer B 1/2/2017 7-00:00 AM
OSlsoft.

24242017 L2E00PM | 14242007 TO000.880

¥

G g | 4w 0

1/2/2017 3.36:00 PM | 1/2/2017 8:42:00 AM
1/2/2017 4:36:00 PM | 1/2/2017 B:48:00 AM |

1/2/2017 4:36:00 PM | 1/2/2017 10:18:00 AM
1/2/2017 4:36:00 PM | 1/2/2017 10:24:00 AM

N> PI\World sanerancisco 2020

26
26

o

198

1693723

171.15802
171.171

Wird Turbine
= I

Flow [~] [-]

J702 LO05 66578

Dryer Regeneration Cycle

480 7 | Dryer B Regneration 01-02-17 07:00

3604 4002568
3615 599.0818 |

492 8 | Dryer B Regneratian 01-02-17 0700
492.7 | Dryer B Regneration 01-02-17 07:00

1= J(_ome ][ || ST | ST am__J[__oo | ST |

396 600,508 |

#PIWorld

457.7 | Dryer B Regneration 01-02-17 07:00 |

[=]| Avg Hot oil Valve Position [~ |

41.39167
41.39167
41.39167
41.39167

Profile
Analysis

41.35167
41.35167
41.39167
41.39167
41.39167
41.39167
41.39167
41.39167
41.39167
41.39167
41.39167
41.39167

Analytics

Event Frame

Measurement

Correlation

41.39167
41.39167
41.39167
41.39167
41.39167
41.39167
41.39167

©2020 OSlsoft, LLC
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Visual Analytics — Asset Benchmarking

Actual Inlet Flow Rate, ft3/min

BenChmark a" Slmllar assets 5886 6474 7063 7652 8240 8829 9417 10006 10594 11183 11771
against know performance 17000 5o

Elm 41 11 ) S . . | N — . 52488 ¥
=

characteristics.

:
 Real-time trend of one

asset is essential for S st Performance Outier |
current operation.

 Different tools required to
analyze groups of assets.

* Pl Asset Views summarize
months of actual operations
exposing actual

FR0

performance profile.

40

0 L : . L i L . .
71612011 12:00:00 AM 250¢ 31212012 12:00:00 AM

OSlsoft.
Pl'World san rrancisco 2020 #PIWorld ~ ©2020 OSlsoft, LLC 28



Visual Analytics - Event Frame Evaluation

« Sampled Event View
dataset imported into
Power BI.

* Shows 200 Event Frames
grouped by Event Frame
Attribute.

OSlsoft.
> PIWorld san erancisco 2020 #PIWorld ~ ©2020 OSlsoft, LLC 29



ampled Event View

Interpolated Values — 6 min.

/ Event Frame Attributes - Labels

o / Dryer Time Stamp Duration Elapsed Time Dryer Pressure  Outlet Temperature  Regenerant Flow  Regenerant TemA / Dryer Regeneration Cycle Avg Outlet Temp  Avg Regen Temp  Dryer Processing Age Total Processed Feed \
E [ [DryerA 17212017 12:0000 AM 53 0 170.4697 436.9 603.2525 496.1 Dryer A Regneration 01-02-17 00:.00  319.9179 229.7132 0.0005072668 4474716
DryerA  1/2/2017 120600 AM 53 6 170.4824 4378 603 6448 496.2
m 13 & 13 @ 3
— DryerA  1/2/2017 121200 AM 5.3 12 170.495 4386 605.063 496.4
LI_ [13 3 [13 “ &
DryerA  1/2/2017 121800 AM 53 18 170.5076 4395 599 6411 496.8
-'E —_— [13 3 [13 “ &
q>) - . . . - : : 13 “ “ @ 1
LIJ [13 3 [13 “ &
L_|DryerA  1/2/20175:18:00AM 5.3 318 204.1571 173.8 314.5962 287.9
(O] ] Dryer B 1/2/2017 7-:00:00 AM 95 0 169.723 170.2 596 6678 4807 Dryer B Regneration 01-02-17 07:00 357.6974 404.2589 0.05128549 2742962
E DryerB  1/2/2017 7:06.00 AM 9.6 6 170.4792 170.3 598.8013 484.8 « « «
13 [
E Dryer8  1/2/2017 71200 AM 96 12 171.0217 1704 597.2024 4879
(1 “* [ “ “ “
—_
-oE . . . : . . . . . . . “ ““ 113 @ “
o . - . . . . . “ “* “ 1 *
> 113
13 [ 113 13
w __{Dryer8  1/2/2017 4:36:00PM 96 576 168.8051 1749 8968521 173.8
GE) DryerA  1/2/2017 7:0000PM 113 0 169.5046 170 596.4086 4256 Dryer A Regneration 01-02-17 19:00  332.5292 364.0818 0.1004348 5302.277
Dryer A 1/2/2017 7.0600PM 113 6 170.3642 1701 598 5709 4427 «
m 13 [13 3 [13
— DryerA 1722017 71200PM 113 12 170.2456 170.2 600.7331 466.3
LL 113 13 [13 3 [13
—_—
"E . . . . . . . . . . . “ “ “ 13 “
Q : . : : : : : [ “* “ “ “
>
113 13 13 3 [13
1|
_|DryerA  1/3/2017 4:54.00AM 113 594 167.147 196.4 547.8572 173.4
o DryerB  1/3/2017 814800 AM 93 0 169.3378 1702 592.8909 4916 Dryer B Regneration 01-03-17 08:48  357.8753 399.4613 0.1699348 6347.083
E DryerB  1/3/2017 8:5400 AM 9.3 6 168.1517 1711 617.2303 490
© DryerB  1/3/2017 90000 AM 9.3 12 167.7706 205.2 617.502 488.7 “ “ “ “ “
LI- [13 3 13 1 “*
= o . o : ol : : « “« « “ “
C|>.) " " - " 73 13 113 “ 113
LIJ [13 3 13 1 “*
—
ﬁ"’ 0OSlsoft.
- 30
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Visual Analytics - R and Python Integration

Wind Turbine

d Ad hOC’ multidimenSionaI (et [ ez J( ez ) eeos  J( s J( eeos  J( eeor ) s ) eeoo  J[ cew ]
front end for driving R
and Python scripts.

Active Power vs. Wind Speed R Corrplot
1,800 .

1,600 O & g & g

1,400

« R “corrplot” to identify
correlated variables.

800

Active Poun

600

+ Identify data to be used
for predictive model
training. o

ﬁ"’ 0OSisoft.
PIWorld san rrancisco 2020 #PIWorld  ©2020 OSsoft, LLC 31



Advanced Analytics — R Studio, Python, Azure ML, GCP

Dryer Iz‘ Timestamp.5tartTime.Local Iz‘ TimeStamp.EndTime.Local Iz‘ Timestamp.Local IZ‘ Duration Iz‘ Elapsed Time Iz‘ Dryer Pressure IE‘ Qutlet Temperature IZ‘ Regenerant Flow Iz‘ Regenerant Temperature Iz‘

Dryer B
Dryer B
Dryer B
Dryer B
Dryer B
Dryer B
Dryer B
Dryer B
Dryer B
Dryer B
Dryer B
Dryer B
Druar R

1/2/2017 7:00:00 AM
1/2/2017 7:00:00 AM
1/2/2017 7:00:00 AM
1/2/2017 7:00:00 AM
1/2/2017 7:00:00 AM
1/2/2017 7:00:00 AM
1/2/2017 7:00:00 AM
1/2/2017 7:00:00 AM

R Studio

1/2/2017 7:00:00 AM
1/2/2017 7:00:00 AM
1/2/2017.2:60:00 AM

Plot angine cycle in terms of PC1 and PC2

D

Dryers
Dryer B
Dryer B
Dryer B
Dryer B
Dryer B

OSlsoft.

1/2/2017 4:36:00 PM
1/2/2017 4:36:00 PM
1/2/2017 4:36:00 PM
1/2/2017 4:36:00 PM
1/2/2017 4:36:00 PM
1/2/2017 4:36:00 PM
1/2/2017 4:36:00 PM
1/2/2017 4:36:00 PM

4:36:00 PM

4:36:00 PM
1/2/2017 4:36:00 PM
1/2/2017 4:36:00 PM
1/2/2017 4:36:00 PM

RUL ({remaining useful ife) for Engines 1, 2 and 3

1722017 7:000U ANT
1/2/2017 7:00:00 AM
1/2/2017 7:00:00 AM
1/2/2017 7:00:00 AM
1/2/2017 7:00:00 AM
1/2/2017 7:00:00 AM

3

122017 300U PNT
1/2/2017 4:35:00 PM
1/2/2017 4:35:00 PM
1/2/2017 4:35:00 PM
1/2/2017 4:35:00 PM
1/2/2017 4:35:00 PM

PI WOI’|d SAN FRANCISCO 2020

tacsortid) 1/2/2017 9:06:00 AM

1/2/2017 7:00:00 AM

1/2/2017 7:06:00 AM

1/2/2017 7:12:00 AM e
1/2/2017
1/2/2017
1/2/2017
1/2/2017
1/2/2017
1/2/2017
1/2/2017
1/2/2017 8

Azure ML

1370 2020

1/2/2017 8:42:00 AM e kS

1/2/2017 8:48:00 AM E

1/2/2017 8:54:00 AM E Google Cloud

1/2/2017 9:00:00 AM Platform
(Coming Soon!)

in

1/2/2017 9:12:00 AM L
1/2/2017 9:183:00 AM 56 170.8479
A

1/2/2017 9:244

1/2/2017 9:304

138
et oses e e
.

1/2/2017 9:421
-@-

1/2/2017 9:48:1
1/2/2017 9:543
1/2/2017 10:004
1/2/2017 10:064
1/2/2017 10:124
1/2/2017 10484 Ln - =
1/2/2017 10:24:00 AM 9.6 204

171.171

1702
170.3
170.4
1705
170.6
170.6
170.4
170.7
1842
2232

288
3361
3433
3538
356.9
3582
359.3
3604
3615
366.2
375.3
3812
3844

381

396

Dryer Regeneration Cycle

Iz‘ Awvg Hot 0il Valve Position Iz‘

596.6678 480.7 | Dryer B Regneration 01-02-17 07:00 4139167
598.8013 484.8  Dryer B Regneration 01-02-17 07:00 4139167
597.2024 487.9 | Dryer B Regneration 01-02-17 07:00 4139167
596.2487 490 4 | Drver R Regneratian 01-02-17 07-00 41.39167
5985366 P thon in 41.39167
603.5441 y 41.39167
5005835 Jupyter Notebook #139167
608.4154 . - 41.39167
5028785 484.3 . Drver B Regneration.01-02-17 07:00 41.39167.
sa — Jupyter Load Prediction - Example 2 (P SOL CHON) Lau Creapeet 1915900 fumsarnd changes) A e
sgﬁ‘hﬂhéiv-lHIC- - - -
50
50
59
50
58 rod 120 - 4
inkeg. interept_, “1° }
50
SHSTII TS * ‘i el ivered fnst - T+ 8 BUSSGRITITANANY © ‘o fellversd tast - 1A% ¢ 0. eseseinsr |
58 et Temperatars’ ¢ -8 01HTINLIINAT * ‘Rebotive inmidity’ o -1.002457626400812 ) =
8 I:.IaJ“lumn ® ‘b Beliversd inad - W' s RATHMSTIONSTYS &
1 trlant Temperatore' s -0, MMM " ‘helative mmdsity' of 1314 -
59 AT © W elveed Loed - ' 5 et ]
sbismt Tomparaturs’ + 1), AETTRINI * “Balative Wamldity’ +f -20399
501 S imssmnerisr = o belieeemt Lont - 38"+ . srTm—— o2
* Canbieet Tomperalurs” + 0. MINMIMSALETILL) * “Nelitlve maldity’ +(
50 I:.n|||um|". ® b Deliversd Load - ' e @ 1EMMSTIIRATYIRGS %
o Blint Soaperaters’ + FBESRITRINL * Ralstive smldity” + 320
S MU T N Onlivered l-..l. JN e e e eiese
1 - mperstre’ + 4. rénmiisseTiz < cimlativ o wo.
6013831 485 2 | Dryer B Regneration 015
603.5257 484 7 | Dryer B Regneration 01+
601.0414 485.8 | Dryer B Regneration 01+ -
= 3
501.0293 456.4 | Dryer B Regneration 01- |
: 3
5996898 4956 | Dryer B Regneration 018w e i
597.3513 485 | Dryer B Regneration 01-02-17 07:00 4139167
6005538 4855 | Dryer B Regneration 01-02-17 07:00 4139167
6005352 485.9 | Dryer B Regneration 01-02-17 07:00 4139167
600.8716 486.4 | Dryer B Regneration 01-02-17 07:00 4139167
600.508 487.7 | Dryer B Regneration 01-02-17 07:00 4139167
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Testing and Evaluation: Asset Analytics

Preview Results
feature of Asset
Analytics generates
model results
without posting
values to PI Points

&‘" 0Slsoft.
Pl'World san rrancisco 2020

PT_XYZ0343
General Chid Elements Atributes  Ports  Analyses  Notification Rules  Version
|l >
o @ T @ Name Backfilling
@ m fsa Forecast Load
@ = fea Predict Load
? m @ \VoltageQuality | BB New
@ = @f \Voltage Ranges Delete
@ m @® Whload Elg Preview Results
Backfill/Recaicuiate
@ Preview results for Predict Load | X
Start Time: [7/1/17 [ end Time: [730117 i Generate Results
Evaluation
Trigger Time Prediiction (Wh) Actual Coefficientd Wh Delivered Load - 7d Coeficient] W i
7/1/2017 120000 AM| 83253 5951 | 0043972 5803 0089111 o0z )
7/1/2017 1:00:00 AM 8167 5069 | 0043972 5414 0099111 N
74142017 2:00:00 AM 82236 5835 | 0043972 5104 0099111 Progress
74112017 3:00:00 AM 84611 6687 | 0043972 5904 0099111 / N
[ 703ms |
7/1/2017 400:00 AM 8562.6 6451 | 0043972 5012 0099111 N,
7/1/2017 5:00:00 AM 85045 7825 | 0043972 4715 0099111 Min
7/1/2017 6:00:00 AM 86417 9097 | 0043972 4916 0099111 N
7/1/2017 T:00:00 AM 0419 8026 | 0043972 6440 0099111 |935ms)
712017 20000 AWM oan s 7115 | nnazoms 0598 nnoot11 2 S~
< Max
; Columns in the table above display results for all calculated values and input attributes. The trend {72.9ms )
below displays data for the first & columns (excluding Time), \ /
® Prediction (4 ~ Avg
® 575943 © 9520 ° 5759.43 —.
© Actual
9520
E
7/1/2017 120000 AM 29 days 7/30/2017 12:00:00 AM
. 697
Value Scale: @ Single () Multiple Revert Evaluations
Export Results

(RN NIRRT RS TR
|

A B C D
Trigger Time  Prediction (Wh} Actual
7/1/2017 0:00 8325.3 5951
7/1/2017 1:00 8167 5969
| 7/1/2017 2:00 8223.6 5835
| 7/1/2017 3:00 8461.1 6687
| 7/1/2017 4:00 8562.6 6451
| 7/1/2017 5:00 8504.5 7825
| 7/1/2007 6:00 8641.7 9097
| 712007 7:00 9419 8026
| 7/1/2017 B:00 9933.5 7115
| 7/1/2007 9:00 10458 11052
| 71/2017 10:00 11710 13563
| 71/2017 11:00 11126 11933
| 7/1/2017 12:00 11666, 11642
7/1/2017 13:00 12935 10199

Export results for
analysis in Excel.

#PIWorld

©2020 OSlsoft, LLC

34



Testing and Evaluation: Model Prediction vs. Actual

Backfill
model results
into Pl Point

Pl Vision
Collections
to inspect
model results

ﬁ 7 oslsoft.
A e BN
Pl'World san rrancisco 2020

Elements

(3 Colegio Cientifico

Vieather Conditions
- (3§ X Phase -
ey

- [ PT_XYZ0379
- (§ PT_XYZ0380
(9 PT_XYZ0381
(@ PT_XYZ0387
(3 PT_XYZ0383
(9 PT_XYZ0389
- (3 PT_XYZ0330
- (§ PT_XYZ0393
- [ PT_XYZ0395
- () PT_XYZ0336
- PT_XYZ0397
9 PT_XYZ0415
(@ PT_XYZ0416
9 PT_XYZ0418

- (3 PT_XYZ0419
- [ Y Phase
- ( PT_XYZ0344
- [ PT_XYZ0345
- () PT_XYZ0346
(9 PT_XY20347
(@ PT_XYZ0348
(9 PT_XYZ0349
9 PT_XYz0350
- (J PT_XYZ0351
- (§ PT_XYZ0352
- (§ PT_XYZ0353
- PT_XYZ0354
(9 PT_XYZ0355
(9 PT_XYZ0356
(@ PT_XYZ0357
(9 PT_XYZ0358
- (3 PT_XYZ0378

O Pl Vision

Load Prediction vs. Actual

#PIWorld
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Operationalize - Advanced Analytics Patterns

Machlne
Learning

l ML Model Development
, - - > > Data Hub or rind Q
Business ——— ] — L Queue jel S¢2°=
Intelligence = == lake _
Tool
7’ (\(’
/ Q\G“°
Q
warehouse K PRl
/ 7 @ S
: : / 7 Operationalized
Visual Analytics /7
/ ML Model -
ML Development - Bulk Data / 7’ :
, A/ Streaming Data
OSl-o':.
Enterprlse Operatlons Infrastructure
e e AL e
\- @\ \\\_é s '\ { .
D] | E @ : ﬂ@].N é "\_\ 'j\, .

&J OSlsoft

Assets Automation Systems Edge Devices / Sensors loT solutions

SAN FRANCISCO 2020 #PIWorld  ©2020 OSlsoft, LLC
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Example 1 — Expression-based Model
Pl World 2019 - “Exploring AF Analytics for Advanced Analysis and Prediction”

Modelling Pl Integrator for BA ro, AV ot Python\Jupyter

=y
= =
AF Asset Model P = = 2 L e
Elements |[PTonz0343 : i
o Fhase General Chid Elements ATEAIES Ports  Anclyses Hotification Rudes e T
H- @ PT_Xv20343
5 @ eT_xvzaary ter )
H- @ e _xvzozso
e @ e _xvzozsl |1 % B Name - Value &
- @ PT_%Yzoser = >
b @ rrcam u 21 AssetID PT_XYZ0343
t- @ PT_Xrz0389 B ] Category: Derived Measurements
1 @ PT_xr20300 = % Wh Delversd Load - 140 2891 Wh
f- @ PT_orzo3e3
! & W z
b @ Froass . Wh Delvered Load - 7d 2891 Wh
- @ FT_xva0306 ® ¢ | & WhDelversd Load 2891 Wh
- @ P07 5 4 | F Volage Quaity 706.32 % pe ,
¥ @ PT_XvZ0415 .o o U EEEEELE :. o Tome .
T & eToveons & voltage Mnmam 3 e E p
fi- & FT_xvzons =+ | ¥ votage Maximum 24805V e o femptt Mg P ot | Xxpression
& FT 020419 m e | ¥ vorage Average 24758V C ff- .
PI SQL Client oefticients

« Forecasted
Transformer
[loads

oo Operationalize

.......

Pl Archive, Pl Future Data Asset Analytics AF Table MS SQL
& PI Vision (Linked)

& PIWorld san Francisco 2020 #PWorld  ©2020 OStsof, LLC ¥



Example 2 — Web Service Endpoint Model

Pl World 2017 - “Create and Operationalize Forecasting Models with
the Pl Infrastructure and Azure Machine Learning”

Modelling Pl Integrator for BA Azure ML
AF Asset Model (Standard) Azure SQL ;—
1 — e ‘ ' -~ —
és EI’ R|:1m.~ww ‘! * * """""""" * B
]
- Gerever oo T
'Forecasted s Operationalize | oo ————
Wind Turbine
Power . &
' |Generation : |
= ="
Pl Archive, Pl Future Data Windows PowerShell Azure ML Web
& Pl Vision Pl Web API Service

7 oslsoft
PI \/ !f;': : SAN FRANCISCO 2020 #PIWorld ©2020 OSlsoft, LLC 38



Example 3 — Streaming Analytic

Pl World 2018 - “Apply Predictive Machine Learning Models to Operations”

Operatlonallze Pl Integrator for BA
AF Asset Model (Advanced)

7 '‘Product

Pl Archive, PI _Fyture Data Python\Jupyter
& Pl Vision Pl Web API

) OSlsoft
85‘ Pl'World san rrancisco 2020

Kafka Broker

/Kafka Consumer\

Kafka Producer

" Property A :
I;-;:.-;Im.“-IR‘[:“ediCti-on"‘ . - . .m“..-ln””-m“..u -

N )

#PIWorld ©2020 OSilsoft, LLC
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TransCanada — Gas Pipeline Demand Forecasting

Navigating the Sea of Data Feeding the Machine

m; @ Pl Asset @ Pl Asset Pl Integrator for
7' Framework Fi K ’ -
T Sl & s
b , | I — T
P — I N [ T .
Flow Data > = =) I I Y .
> . E— ) | [ D B T
| == ey | I [ N [T
Commercial — I I N T .
Daia Y = — | I e e T ..
4 [ (N N T .
Weather
Data
Automating the Demand Forecast Consuming the Results
@ Pl Asset
Framework
- Custom Data =
LI Custom Data Reference

Reference

- ©

https://www.osisoft.com/Presentations/TransCanada-s-Journey-to-Advanced-Analytics---Integrating-TransCanada-s-PI-AF-with-AWS-Machine-
Learning/

“i"amazon
<R

E-E-

SageMaker Lambda Amazon APl
Gateway

OSlsoft.
Pl'World san rrancisco 2020 #PIWorld ~ ©2020 OSlsoft, LLC 40



OSlsoft Partner Ecosphere —

B
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“Advanced Analytics”
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Accountability
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“Pl Don’t Lie”

Occidental Petroleum . -

Levering the Pl System
1o Drive Change

on & integration

e g i o et w1 e
Pt anc fante cant sqpapments.

ctmectin g ard o tomtee)

[
Aok W i L B ) 8 F
ttceatin g, herskey 4 nacang
ALCOA
Chasienges Sodution

o Vg e o s + e Bt Frymamn s captorn-

oagrn + et EF i e e oy
i s el el capaniry sttty ant

i o s s iyl Capatares
' oo wermg wm
ata rlegration n oo 10t mpravrd podT umTy

+ Ratmated [F sintury and
ats Varstes o P iutm

Abbott Nutrition: reducing the
time required for batchreviews
Th e s o

oty i s T 4 s s
e o s e

= bid

Business Challenge Solution

Fleawlis and Benehie

i e Sarrorured MES wyvien )

v o o e

OSlsoft.

PI WOI’|d SAN FRANCISCO 2020

Centrica Route to Market - Summary

LI ——
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5 Fomar
L P
-
e 41w ket

Castmante  SrwraPors Ertint rem
::'nnﬂm L3 nwnlanm L3 ‘”"""2..,.

S o i i ey ke

Yield and Business Intelligence
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the dameitic ees adds $17 M
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.
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[ty oy et A
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Tucson Electric Power
Bussiness Challenge

Sohation Results snd Benefits
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e o oot o i 8w o T i

The Pl System allows facility operators
to monitor anelgy consumption
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Workbench for Relevant Operational Analytics

Data Engineering and Preparation

» Pl System offers distinctive features for preparing time-series data for advanced
analytics, e.g. asset context, process context and feature generation.

Access, Analysis and Model Enablement

« Pl System provides multiple data access methods, meeting needs of
data engineers or scientists.

Testing, Evaluation and Operationalization

« Asset Analytics plays an essential role in testing and evaluating developed models.
» Pl Vision and Future Data support model integration and socialization for gaining
relevance within Operations

Accountability
« “Pldon't lie.”

7 oslsoft
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Contact Info

g 0Slsoft.
Pl'World san rrancisco 2020

 Curt Hertler

* Principal Pre-Sales Engineer
« OSlsoft, LLC
 Curt@osisoft.com

#PIWorld ©2020 OSlsoft, LLC
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Questions?

Please wait for
the microphone

State your
name & company

OSlsoft.

Pl'World san rrancisco 2020

Save the Date...

AMSTERDAM
October 26-29, 2020

OSlsoft.

Pl\World

#PIWorld ©2020 OSlsoft, LLC
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