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TC Energy

One of North America’s Largest Natural Gas Pipeline Networks
*  Operate91,900 km (57,100 mi.) of pipelines

*  Transport~25 per cent of continental demand

*  Over 650 BCF of gas storage capacity

One of Canada’s Largest Private Sector Power Generators
* 11 power facilities, approximately 6,600 MW
*  Low-emissions portfolio includes nuclear and

natural gas generation

Premier Liquids Pipeline System

* 4,900 km (3,000 mi.) of pipelines

. Keystone System transports ~20 per cent of
Western Canadian exports

*  Safely delivered more than 2 billion barrels of
Canadian oil to U.S. markets
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Realtime Condition Monitoring

Degraded

condition occurs Degradation detected

Asset still functioning safely

>

Asset no longer functioning within
acceptable performance range

——— Equipment Condition

Catastrophic failure
BREAK!

Repair Cost
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Realtime Condition Monitoring | In Practice
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Asset Digital Transformation

Element Hierarchy

Monitoring Module Structure

N X Operating Conditions
a _ Equipment B | 2 Ambent Temperatre s
E'ﬁ DfIVEl' | - " ﬂmmw Y, BOlSBl'P /
...... 1 BAM g m 2] Gas Producer Speed 15150 rpm
...... Beanng Temperamres L] (=] Power Turbine Speed 9709 rpm
p ) . H (2] Category: Specs
------ Casing Vibration i B | & CompressorMiake Solr
------ Lube System B | =) Conpressor Model ca52
...... '-_'F Ts mermomudes 8 2] Compressor Rated Speed 12000 rpm
) Gas Compressor B | E Driver Mode Taurus70 T108025 (59 Deg Match)

------ (J Bearing Temperatures

9210 BHP

______ Bearing VibfaﬁOﬂS on Indicators
= ] Spsi
------ o Dlsd'lar_ge Temperature . G pes
""" Operation Mode B B | ¥ Lube Oi Header Temperature 138.800003051758 F
...... Sea| svstem @ B | ¢ Lube i TankLevel 20.3545837402344 in
® L] & Lube Oil Tank Pressure 4.370192527771 psi

Monitoring Modules
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Anomaly Detection Methodology

Statistical & Machine Learning Algorithms

Statistical Quality Control (SQC)

Highly scalable anomaly detection technique that uses descriptive statistics
to compute static thresholds. Given the historical mean (u) and standard
deviation (o) for a sensor, anomalies can be flagged when new readings fall

outside [u-30,u+30]

Regression

Regression models can be used to predict a sensor reading (predicted
variable), given one or more variables (predictors). Dynamic thresholds can
be set up around the prediction, providing a more accurate anomaly

detection approach

Clustering

Clustering models can discover and learn subtle relations between many
variables and group similar data into clusters. New sensor data that is
significantly different from the existing clusters can be flagged as abnormal

K"‘ OSlsoft
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Anomaly Detection Methodology

Statistical & Machine Learning Algorithms

Regression

Clustering

OSlsoft.
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Anomaly Detection Methodology
Stacked Complexity Approach

Complex . Subtle Patterns ‘
Gaussian \
Lots of Data Mixtures Highly Accurate ‘
Slow to train Specific ‘
Regression
(MLR & M5P)
‘ Simple Evident Outliers
‘ Scalable Fairly Accurate

< Implementation Scale >
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Traditional Anomaly Detection Methodology
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Score New Data
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Our Approach to Anomaly Detection

=

Train Model

Test & Validate Score New Data

Data Access Model Analysis &
Layer Management (Ul) Retraining (Ul)

Data Quality Management
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Technology Layers | Pl AF is Foundational

Custom Front-End Pl Vision
AngularJS OpsVision

REST Web Services
.NET Technologies | AFSDK | Accord.Net .B !! J

Pl Asset Framework
Element Templates | Pl Analysis | Pl Event Frames | Pl Notifications

Digital Engr Eval Notify
Twins Equations Models Anomalies
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Anomaly Detection Implementation
Statistical Quality Control (SQC) | Model Training
= 5QC Model Training iﬁ-— UnitQ1 | Criver | Coaling | Engine Qil Pressure x

Smooth Medium v Start _Amo End

|#* XBar Chart @ Loaded 4111 data points (01:00:00 sample rate)

69.922
64.858
59.794
54.730
49.666

44 602

& Statistics Mean Std. Dev Threshold Factor X-Bar LCL K-Bar UCL
# New Model 57.264 3.149 (- EXT +] 47.8 66.8

£ Existing Model Not Trained
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Anomaly Detection Implementation

Statistical Quality Control (SQC) | PI AF Attribute Construct

& Driver | Cooling Monitoring Module

‘E| Category: Degradation Indicators
&7 Engine Cil Inlet Temperature 0 °F
<7 Engine Gil Pressure 0 psi
=3 _triggerld Unique identifier for the trigger input 11
=g Panel Config
=g Predision Significant digits for presentation purpose 3
|3 Rounded value

=3 _modelld

! OSlsoft.

£ -1if model is not trained 0
R =3 Analysis Result Result of the SQC Pattern Test

R = Lower Control Limit 0
R =3 Mean Historical average at steady state i]

B R = Model Info

R =3 Source Applies defaults and statistical predsion to the raw input i]
R = state Instantaneous state

B =3 Statistical Predsion Significant digits for Anomaly Detection 1
£ =3 StdDev Historical standard deviation at steady state 0
B =3 Threshold Adjustment Factor StdDew multiplier to adjust thresholds u]
R| =hua Upper Control Limit 0

| | <7 Cil Filter DP 0 psi

Pl'\World san rrancisco 2020
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Anomaly Detection Implementation
Statistical Quality Control (SQC) | PI AF Analysis — Standard Functionality

& Driver | Cooling Monitoring Module

B MName

H  EFG MonitoringModule_CompressionUnit_Cooling_ReciprocatingEngine
IE SQC Engine Oil Pressure

ER  5QCEngine Oil Temperature

E@ SQC Qi Filter DP

Description:

Categories: | MonitoringModule_Cocling_RedprocatingEngine - J

Analysis Type: () Expression () Rollup () Event Frame Generation (&) SOC
[] Enable analyses when created from template

Example Element:  Select an example element

~ Inputs Pattern Tests
Source: | Engine Oil Pressure]SOC Config|Source | Clear on Control Limit Change
Upper Control Limit: | Engine Qil PressurelSOC ConfiglUCL | Pattern Xof ¥ Limit Value At Evalu Value At Last”
Center Line: | Engine Qil Pressure]SQC Config|Mean | Qutside Control 3 of 4 Both
Lower Control Limit: | Engine Qil Pressura|SOC Canfig|LCL | [] Outside 2 Sigma 2 of 3 ["Both |
— Cutput [ Outside 1 Sigma 4 of 5 Both
7y Event Frame [ One Side Cf Center Line 8 of 8 Bath
[] Stratification 15 of 15 NA
(@) AF Attribute Engine Cil Pressure|SCC ConfiglAnalysis Result
B [ Mixture 8 of 8 NA
[] Trend 8 NA
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Anomaly Detection Implementation
Multivariate Linear Regression (MLR) | Model Training

™= Regression Model Training &© - Unit01 | Driver | Cooling | Engine Qil Pressure ®

7= Train & Test @& Validate & Deploy

Train & Test New Model: Regression | MLR
Engine Oil Pressure = 48.518 - 0.008*Ambient Temperature - 0.205*Engine Oil Inlet Temperature + 0.121*Engine Speed
The model was trained on 80%

of the selected data and tested on the

20%

£ RMSE: 0.543  ## RMSE Testing: 0.529 % RMSE Training: 0.547 % RSquared: 0.917 © Loaded 1,474 data points per series (01:00:00 sample rate)

Smooth Low v Stat | *3mo End | *-30d Threshold Factor (@) 30 @) RESSERET 24h 30d 3mo 6mo 1y 2y

Predictors
4004 110
300 80 "‘ | ‘ I "m! " ’ I ), m U
200 & ‘
40
100 20J

B Ambient Temperature B Engine Oil Inlet Temperature M Engine Speed

Engine Oil Pressure | Actual vs. Prediction Threshold
66.081

62.545

59.009 ‘
55.473-

51.937

48.401
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Anomaly Detection Implementation
Multivariate Linear Regression (MLR) | Pl AF Attribute Construct

& Driver | Cooling Monitoring Module

! OSlsoft.

Pl'\World san rrancisco 2020

| 6‘ Engine Oil Pressure 0 psi
[E2 R =4 _triggerld Unique identifier for the trigger input 11
- R 53 Panel Config
R =gy Precision Significant digits for presentation purpose 3
Special construct that enables Regression Anomaly Detection
(=4 _enforced If enforced it will trigger anomalies if model is not trained False
=3 _linear True
=4 _modelld -1if model is not trained ]
=3 Model Coefficents Lookup coefficents for linear regression models. Names need to match attributes in this module template.
R &4 _intercept i}
R =4 Ambient Temperature 0
£ =4 Engine il Tnlet Temperature i}
£ =4 Engine Speed [i}
=3 Model Info
=g Prediction ]
=g Predictors Attribute names to be used as predictors. Must be exact match to attributes in this module template String Array
=g RMSE Root Mean Squared Error on training dataset a
=g Source Applies defaults and statistical predision to the raw input 1]
=5 State Instantaneous state
=g Statistical Precision Significant digits for anomaly detection 1
=g Threshold Adjustment Factor RMSE multiplier to adjust thresholds 1]
e . =

#PIWorld  ©2020 0OSlsoft, LLC 17



Anomaly Detection Implementation
Multivariate Linear Regression (MLR) | Pl AF Analysis

& Driver | Cooling Monitoring Module

H EFG

- G Init_Cooling_Reci

MLR Engine Oil b T

B SQC Engine Gil Temperature

Filter DP

H —
Analysis Type:

[ Monit

. Cooling |

@® Expression

) Rollup

[] Enable analyses when created from template

() Event Frame Generation () SQC

Pressure Ana|yS|S o :
Example Element:  Select an example clement
Add a new variable
Name Exprassion Output Attribute
wSteadyState "Steady State’ Map
predictedVariable "Engine 0il Pressure’ Map
precision *Engine Oil Pressure|Regression Config|Statistical Precision’ Map
modellsTrained *Engine 0il Pressure|Regression Config|_modelTd’ <> -1 Map
. enforced *Engine 0il Pressure|Regression Config|_enforced Map
Leve rage Attribute - engine 011 Presmure negression Coneig e
I rmseMultiplier *Engine 0il Pressure|Regression Config|Threshold Adjustment Factor® Map
Construct to evaluate : biss
intercept *Engine 0il Pressure|Regression Config|Model Coefficients|_intercept®
Iine ar reg ress IOn 1 *Engine 0il Pressure|Regression Config|Model Coefficients|Ambient Tempersture’ Map
< *Engine Oil Pressure|Regression Config|Model Coefficients|Engine Speed’ Map
mod eI 3 "Engine 0il Pressure|Regression Config|Model Coefficients|Engine 0il Inlet Temperature® Map
vt Badval('Ambient Temperature') then @ else 'Ambient Temperature® =
vz if Badval('Engine Speed’) then @ else 'Engine Speed’ Map
vz if BadVal('Engine 0il Inlet Temperature') then @ else 'Engine 0il Inlet Temperature’ Map
e if wSteadyState and modelIsTrained
ctionllviodel
prediction then intercept + €1 * vl + c2 * v2 + ¢3 * v3 else @ e — R
predictionLowerThreshold| 1T vSteadyState and modelIsTrained . Engine Oil Config|P old Lower
then Roundfrac(prediction - rmseMultiplier * rmse, precision) else @
PRI if vsSteadyState and modellsTrained E oil Config]P: id U
Writ Pr d iCti n b Ck predictionlpperThreshold| " undfrac(prediction + rmseMultiplier * rmse, precision) else 8 ngine . e Spesr
ource if Badval(predictedvariable) B
- then *\Configuration|Regression Defaults|SOURCE"
to Attrlbute ( :0 nstruct clse Roundfrac(predictedvariable, precision)
if predictedvarisble = "Data Not Available" then o
else if Not(vSteadyState) then @ o
clee if Not(modelTsTrained) end Not(enforced) then @
state else if Not(modelIsTrained) and enforced then 2 //0u Engine Gil e
else if Badval(source) or source > predictionUpperThreshold or source < predictionLowerThreshold then ;
else if source <= predictionUpperThreshold and source 5= predictionLowerThreshold then
else @

! OSlsof
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Anomaly Detection Implementation
Non-Linear Regression | Model Training

= Regression Model Training - Unit01 | Gas Compressor | Discharge Temperature | Cylinder 02 Discharge Temperature X

= Train 8 Test ™ Validate & Deploy

Train & Test New Model: Regression | M5P
Cylinder 02 Discharge Temperature = M5P Regression Tree with 3 linear models
The model was trained on 80% of the selected data and tested on the other 20%

£ RMSE: 0.689 £ RMSE Testing: 0.942  # RMSE Training: 0.726 £ RSquared: 0.965 @ Loaded 319 data points per series (01:00:00 sample rate)

Smooth | None  ¥| Start | mar3 2019 End | may 10,2019 Algorithm | M5P v| ThresholdFactor (@) 70 € NEZELCTH T 30d 3mo 6mo 1y 2
Predictors
11007 1500 ro0 3
800 2
12004 r60
600 :
10004 r40
400
i L (1]
200 800 20
f—
A B Discharge Pressure B interstage Prassure B interstzge Temperztre M Loading Step v =l
W stage
Cylinder 02 Discharge Temperature | Actual vs. Prediction Threshold
1277
WUS-M
924 1

! OSlsoft
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Anomaly Detection Implementation

Non-Linear Regression | AF Attribute Construct

& Gas Compressor | Discharge Temperature Monitoring Module

REST Web Services

B ! | 7 Cylinder 02 Discharge Temperature ne P OST
- R =% _triggerld Unigue identifier for the trigger input 14
------ B =3 Precsion Significant digits for presentation purpose 0 apl /mI/eval/reg r?modelld=71
B R 5 Regresson Config Spedal construct that enables Regression Anomaly Detection body: list of predictor names and values
------ R =3 _enforced If enforced it will trigger anomalies if model is not trained False
...... R B linear False
...... R = _modelld -1if model is not trained g
E- R =4 Model Info
€ B =4 Prediction o y RESPONSE

£ 53 Evaluation Request

Uses custom data reference to evaluate the model through REST call to ML Server

o
a

£ (=4 Model Output

If linear regression, evaluate natively in AF. If nonlinear, use custom data reference.

RE 67.5 deg F

% R =4 Threshold Lower 0
% R 54 Threshold Upper 0
R =g Predictors Attribute names to be used as predictors, Must be exact match to attributes in this module template String Array
R =g RMSE Root Mean Squared Error on training dataset 1}
&R =4 Source Applies defaults and statistical predision to the raw input 1}
% R = state Instantaneous state NA
R =3 Statistical Predsion Significant digits for anomaly detection 1
R =g Threshold Adjustment Factor RMSE multiplier to adjust thresholds 1}
E| =4 Rounded Value ]

! OSlsoft.
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Anomaly Detection Implementation
Gaussian Mixture Model (GMM) | Model Training

= Pattern Recognition Model Training | © r Pamem R . X
Validate New Model: Clustering | GMM
¥ Axs Vanable  pCD v XiesVenable  Gag Producer Speed v m

® 2017 Neesh 12 @ Custer O Oorwall & Claster | ONormal) Chuster 2 beemad) Claster 3 NNormad
& Cluster 4 MNormal)

¢
s
o
o
: e
3 500 ot N ol
3. L X
E "k b T
:
L] LI LI an B
CE " " " reocovple 06 Temperstry
" watee W 13 LI n v 10 Temparaturs
- — . o i
LI wohe 13 LI sanie 16 L ' 2
TS Tharmecouple 15 Tempesatwre
Recognoed Pattem I Unvecognived Pattemn o OCusmwrl|  Cutw2  Custer3 | @Custerd |
© Variable Infiuence (Top 3)
[mm W Temperatre (413% | [ 13 15 Temperature (8:3%) | [ 75 Thermocouple 15 Temperanure 105%) |
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Anomaly Detection Implementation
Gaussian Mixture Model (GMM) | Attribute Construct

& Driver | T5 Temperature Monitoring Module POST

= Category: Pattem Recognition

REST Web Services

api/ml/eval/clust?modelld=12
body: list of feature names and values

RESPONSE

E-; | B ‘ =] T5 Thermocouples Pattern
B R = _triggerId 15 Unigue identifier for the trigger input
EI 3 B R =] clustering Config
B REl _modelld -1 -1if model is not trained
B R =] Features String Array Attribute names to be used as features. Must be exact match to attributes in this module template
B~ B & ElModel Info
B B £ [l prediction |
" a g;ﬁ //MU Uses custom data reference to evaluate the model through REST call to ML Server 4 = |,
B R =] overal LogLikelihood 0 — N
B R ] Predicted Cluster Index 0
8 R =l Predicted Cluster Label
- B R =] predicted Cluster Type 1] 0 =Mormal, 1 = Abnormal
| ] E‘ =] State NA Instantaneous state
! OSlsoft.
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{
overall LL: -286,

clust_indx: 3,
clust_label: clust03,
clust_type: 0

}
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Data Exploration Tools
Conditional Trending

®© Compression\JIE Unit0N\Driver\Lube

Zmoothness Non W r Yz L4

Tools Pane B2 Comelation 2C Data Relationships il Fleet Comparison

Ciperating Conditions
200 80

200
100
o 10
m - i
- 2

Trigger Inputs

150 50
150
140
120

120

100 10

& Export

L~ OpsVision

) [-2000

) - 8000

7000

BOODO 6000

Powarad by ZimgChart

Powarad by ZimgChart
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Data Exploration Tools
Bivariate Analysis & Time Progression

3C Data Relationships - Time Progression | & Co

Y Axis Attribute X Axis Attribute

Lube Oil Tank Pressure Gas Producer Sp

® 2018 | Week 19
2018 | Week 27
© 2018 | Week 35
2018 | Week 43

4
g
2
£
*
8
,
o
£
3

eed

2018 | Week 20
2018 | Week 28
2018 | Week 36
2018 | Week 44

Color By

Year > Week

2018 | Week 21
2018 | Week 29
2018 | Week 37
2018 | Week 45

=N EN EE K R R

© 2018 |Week22 @ 2018 Week23 ® 2018 |Week24 & 2018|Week25 @ 2018 |Week26
® 2018 |Week30 @ 2018 ] Week 31 ® 2018 | Week 32 @ 2018 | Week 33 ® 2018 | Week 34
® 2018 |Week38 @ 2018]Week39 © 2018 |Week40 @ 2018 Week 41 2018 | Week 42

Oil Tank Pressure
Increase in the last week,
compared to similar
previous GP Speeds

T T
9888 9964
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10040 10116
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10344 10420 10436 10572 10848 10724 10800 10876 10952
Gas Producer Speed

T T
11028 11104
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Data Exploration Tools
Fleet Comparison

Ll Fleet Comparison | Family: Driver_Turbine_Solar_Mars90 | Module: Driver \ Lube System | Current A

Iu.. Box Plot 34 Data Relationships

Air Filter P Lube Oil Fiter DP  Lube Qil Header Pressure  Lube Oil Header Temperature  Lube Oil Tank Level  Lube Oil Tank Pressure

3
=
7
£
x
2
3
&
El

He

Unit 210
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Data Exploration Tools

OpsVision

Unit Screen

Engine Run Status
Unit R

Gas Compressor | Seal System

Monitoring Module Screen

E‘éigc: Star:fgsﬂk“m u@@ﬂ@ﬂm Solar

Mars100 T16000S (59 Deg Match)
Horsepower % Torque % Speed % e T BT

20.77 psi

Seal Gas DP

469.71 psi

4 Balance Piston Pressure

1.15 MSCF

1.95 MSCF

Suction Secondary Vent Flow

0.24 psi

si -r‘

ter DP r

Unit

Unit Overview

Ambient Temp

7549 g,
Heat Rate

Driver Trend

212172019 114744 AM

Run

Engine Status

11,000 rpm
98 %

Driver Speed

Driver

100 MCFH
Fuel Rate

2/21/2019 11:47:44 AM

7 os
& Pl'\World san rrancisco 2020

ISCF

aration Seal Flow

169.5h 79 ffa @ Solar 0.03 psi
i Mars100 T14000 Buffer Air Filter DP
Since start - L
" Horsepower % *" Torque % ' Driver Speed %> | Ruted HP: 15,900
Conditions
Monitoring Modules
7,957 rpm
84 % 742 psi Driver | BAM
Compr Speed L o P
Driver | Bearing Temperatures
o Tomp
829 MCFD

Flow

Gas Gompressor | Bearing Temperatures
Gas Compressor

2 Gas Compressor | Bearing Vibrations »
550 psi Unit
Suction Press Gas Compressor | Discharge Temperature

Run

100 %

°F
Recyele Valve Suction Temp

Gas Compressor | Discharge Temperature Driver | T5 Thermocouples
",

Nriar | (2P Rlaarinn Vikeatinne
57 °F
‘Ambient Temperature
231 psi
PCD
120 MACFH
Fuel Rate

9,475 rpm
Power Turbine Speed

Operating Conditions

2412019 12.47 44PN

[ 3/24/2019 12:47

211372010 10:50:54 AM

2/13/2019 10:59:54 AM

Suction Primary Vent Pressure

A A1
M a A. 'y A -.
|
'Y
470.00 psi =

Suction Pressure

Engine Run Status

Discharge Secondary Vent Flow

0.10 psi

Discharge Primary Vent Pressure

a a
L. . 5.

g

M 716.00 psi

Discharge Pressure

1.26 MSCF

Discharge Separation Seal Flow

Monitoring Module Screen

230n
Since Start

Solar
o 95 oa nmg‘pn o @,m Mars100 T16000S (59 Deg Match)
que % ed %

Horsepower % for Rated HP: 15,900
15,266 BHP 10,351 pm

o | 1,364 °F
1,368 °F = 1,347 F

. o

1,397 °F | 1
1,365°F
- @ 1,376 °F

w 1,393 °F

1,370 °F
1,321 - (& e B 1.359-F
1,336 °F " s 1321°F

1,354 °F " L

1,353 °F

1,357 °F

or

1,376 °F 1,366 °F

31512010 11:50:54 AM

3/15/2019 1
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Findings Examples

Engine Bearing Damage Use SQC to detect abnormal increase in bearing temperature

Y P . Operating Conditions
‘1' - — i 11000 110 .
& | 10000{ 100
»
’ o000 90
8000 50 L s00
70
7000
60|
6000
B
5000 l il
4000 o
3000 o
2000 10
1000 GH

Slight increase in
Bearing #9
Temperature

Trigger Inputs
200+
190
180

170

160-F=
150
140
130+
120
110

100

ssssssssssssss
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Findings Examples

Damaged Compressor Valves

! OSlsoft.

Pl'\World san rrancisco 2020

Use MLR to detect abnormal increase in discharge temperature

Existing Model: Linear Regression | MLR

Discharge Temperature Cylinder 01 = 147.0085 + (-0.2691) * Suction Pressure + (0.143) * Discharge Pressure + (-0.1312) * Speed + (0.2556) * Suction Temperature + (0.0262) * BHP

Showing currently deployed model

beglees of Freedom: 1,396 RMSE: 7.660 RMSE(Testing): 7.671 RMSE(Training): 7.662 R-squared: 0.463 Seconds to Train: 0.001

Predictors
804 1100

504 200

Discharge Temperature Cylinder 01 | Actual vs. P

148
134
120

Predictors:

W Suction Pressure
[

B Discharge Fressure

M_p—-dw./b,—v_ﬁ‘,

T

(80% C:

W speed

M Suction Temperature

© Model Info | Adjust = Delete

#PIWorld

Actual

Predicted
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e Lessons Learned

Spend time upfront to understand the physical assets
and key monitoring areas

No “wrong way” to design AF structure, but some ways
work better than others

More simplistic algorithms deployed at scale are
powerful and provide tremendous value

Data Quality is foundational

Detecting anomalies is not enough. Taking corrective
actions is the end goal

! OSlsoft

Pl'\World san rrancisco 2020

Q Best Practices

Work closely with subject matter experts to understand
the asset fleet, key variations, sensor coverage, etc.

Use of AF Template Inheritance. Keep size of templates
small and avoid tight coupling

Focus on scalability. Choose simple anomaly detection
models first and only increase complexity if accuracy
requirements are not met

Dedicated Tools, Resources and Processes for
identifying and managing data quality issues

Accountability centric processes driven by leadership to
ensure corrective actions are taken and documented

#PIWorld  ©2020 0OSlsoft, LLC
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Future Work
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Realtime Condition Monitoring

CHALLENGES

Realtime Condition
Monitoring at large
scale

Diverse Equipment
Fleet

Dynamic
Environment

P SOLUTION

Asset Framework: Core
of the solution to create
digital twins and unify
data layer

Implemented SQC,
Regression & Pattern
Recognition algorithms

Minimal custom .NET
development for model
training, evaluation &
data exploration

P

BENEFITS Clustering
250+ corrective
actions taken in Regression

2019 that mitigated
potential significant
failures

Digital asset
structure that

enables advanced ﬂl‘
analytics at large

scale

Pl Asset Framework

o Core of Solution

o Digital Twin Creation
o Unified Data Layer

The PI System in tandem with scalable Machine Learning algorithms has

1

ig‘ 0Slsoft
' Pl

SAN FRANCISCO 2020

allowed for significant advancement in predicting potential failures,

reducing operations and maintenance cost through planned work, while
minimizing customer/shipper impacts.
Keary Rogers, Manager, Core Reliability, TC Energy USGO

)J
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Pattern Recognition & Linear Regression

* lonut Buse

* Team Leader, Enterprise Analytics
* TC Energy

* lonut_buse@tcenergy.com
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Questions?

Please wait for
the microphone |,

State your
name & company

OSlsoft

' PI\World san rrancisco 2020

Save the Date...

' REGISTER YOUR INTEREST

AMSTERDAM
October 26-29, 2020

] OSlsoft.

Pl\World

#PIWorld  ©2020 0OSlsoft, LLC

33



SBIE8 keA LEBOHA

TAPADH LEIBH ATsL T =
DZIEKUIE Cliy oo MISAGTRA ANAO %

NGL;&?USENDE%@“ OBRIGADO 151 3

= DANKIE rerima kasiH & DANKON TANK TAPADH LEAT 09
g CIMTACMBO MULTUMESC
g e, < FAAFETAI
2 PAKMET CI3lE
GO RAIBH MAITH AGAT 2 PI WO rl d < ESKERRIK ASKO

oo GRACAS 5 THANKYOU %&ﬁbﬁéﬁm

™ BHAggiﬂ%m’Qg £ o EYXAPISTQ GRATIAS TIBI S GRAZIE

Al SALAMAT MAHALO IA ‘OE  TAKK SKALDU HA % DI OU MESI
RAHMAT MERCI BRAZE saapneti

BUDESTENEL: T BAKUEM
MATURNURLY BAXMAT CATA SIPAS JI WERE TerimakasiH MATUR NUWUN

CAM GN BAN Z UATSAUG RAU KOJ
WAZVIITA g EVIIABFJIngoﬂAPAM

MINDERIT

! OSlsoft.

Pl'\World san rrancisco 2020 #PIWorld  ©2020 OSisoft, LLC

10



