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Problem Statement: Refinery Stabilization Column
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Problem Statement: Refinery Stabilization Column

« The product has to be stabilized by controlling its Reid Vapor Pressure (RVP)

» The stabilizer columns does not have on-line RVP analyzer
— manual samples (taken twice a day) are analyzed by the laboratory

« More than 12 on-line measurements are collected each 6 minutes

The goal:

» Use the process data collected in the Pl System along with the
laboratory measurements to generate a model predicting the RVP
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Refinery Stabilization Column — Pl Architecture
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Machine Learning Model = Multivariate Function
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Refinery Stabilization Column Predictive ML Models
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Refinery Stabilization Column Predictive ML Models
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Refinery Stabilization Column Predictive ML Models
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Refinery Stabilization Column Predictive ML Models

Shaping and exporting the data
— . Microsoft®
[ 08_ &% SQL Server I




aping and exporting the data

FT044 M 3] TASRTT 5512300 N2 502 TR 50157 P

x +
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+ Create Asset View + Create Event View ‘ + Create Streaming | e
Type Run Moge
Once nnz SISELECT TOP 1008 [1d]

Hame Run Status

Historical Model Data | Published

17 120000 AM
verview Log  Security

Joratory Re<ut .. Depe
I Run Status

View Configuration  Statistics

BottomPressure]
BottonTemperature]
FeedTemperature]
HeadTemperature]
offgasFlow]
ReboilerTemperature]
ReceiverPressure]

Published Search Shape

View Name

# Historical Model Data Asset Shape
4 [ Stabilizer

& BotomFlow

PI AF Database Stabilizer

RefluxvalvePosition]
Tray2STemperature]
LabReidvaporpressure]
L [PIINtTSTicks]

, [PIIntshapeID]

Publish Target SOL Model Database

# BottomLevel

View Type Asset # BottomPress

[T4
[
[
[
[
[
s
[
[
[
[
[
[
[
[

# BotiomTemperaiure
Run Mode Once

Last Run Time

Apr 5, 2018 8:49:08 PM % -

[0 Results [1 Messages

# HeadTemperatu

Your Start Time is 1/1/17 12:00.00 AM &1L

bReidVaporPressure

Lstudentd] &

FROM [ModelData].[dbo]. [Historical Model Data]

CLEANSE

Id__ Sebizer  TimeStamp BottomFlow Battom Level BotiomPressure
Your End Time is 1/31/18 12:00:00 AM # offgasFlon 1 {1 Ssbilzer 2017-01-0100:0000000 1584227085135 59.196228027344 219.337173461914
& ReboilerTemperature 2 57 swbizer 20170101 050000000 15, 59, 219,
Kay Column LabReidVaporPressure 33 Smbizer 2017010117:0000000 1597317850659 60.005424499512  219.375656127929
& RecelverPressure 4 4 Swbiizer  2017010205:00:00.000 1595658397674  60.170280456543  219.24119567871
& RefluxFlow 5 5 Sebizer 2017010217:0000000 1609970474222 GUE1A7E3723145  219.322691236351
& 6 Swebizer 2017010305:0000000 16034686279297 6021823040527 219.376861572265
# RefitvalvePosition 77 Swblzer 2017010317:0000000 1821893637085 5O7STIBDITETE  219.384857177734
# TrayzsTemperature 8 8 Sweblzer 2017010405:0000000 1761931114968 5981600189209  219.308288574218
9 9 Swbizer 2017-010417:0000000
010 Swbizer 201 1. 222.097685131835
111 Swbizer 20170105 170000000 18.001346568135 5972456359633  220.756240844726
12 12 Swbizer 2017-0106050000000 17.930227279663 59.714340203961 220.503017944335
1313 Swbizer 20170106 17:0000000 18.015043258667 60.018531739316  220.483983154296
14 14 Swbizer 2017010705:0000000 17.901599884033 60.599926994873  220.731796264648

BottomTemperature
474.98486328125

473.329071044921
476.650268554687
472.580413818359
477.060485639843
472.730940672828
463.795471191406.
470.496032714843
471.326843261718.
470.463653564453.
469.090118408203.
469.344671630859
472.224884033203
470.341084453125.

Z

Microsoft®

SQL

Server

FeedTempemtue  HeadTemperature  OffgasFlow RebolerTemperature  ReceiverPressure
391.834045410156  273.827606201171 0 489.051330566406  220.084854125976
390567321777343  278574523925781 O 483.744567671083  219.991622924804
395.234006789062  285.700134277343 0 491168548582084  220.08918762207
390.820220947265  304.855102539062 0 482.091245703125  220.061889648437
2927138671875 3099111328125 0 491.012756347656  220.051177978515
38880078125 208.165283209125 0 487556804765625  220.022308349609
335.704496291015  337.381866455078 0 435.283530618359  219.95703125
335.128021240234  293.5089050292%6 O 48333050805664  219.972028378906
41 1 1570408630371 4 19.831 109
386.406951904296  149.846054077148  28.346687316835 489.171112060546  221.638473510742
385.962371626171  141.367645263671 2661953163147  489.4B4771728515  220.731796264648
384, 1 26.178880691528  491.318115234375  220.348022460937
387214324351171  139747817993164  25.742961883545  493.32485961914 219599609375
385.07373046875  133522094726562 23.68428611755¢ 491.068629345703  219.662481079101
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Refinery Stabilization Column Predictive ML Models

/ Generating a model N
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Generating a model — Data Preparation

BottomFlow

BotiomLevel ~ 0.16

BottomPressure ~ -0.15 0.16

@

BottomTemperature ~ -0.24 02 025

°

LabReidVaporPressure
.
.

FeedTemperatue 028 | 036

HeadTemperature 0.0099 012 0063 0075 .16

LabReidVaporPressure  -0.026 005  -0.085 | 045 019  0.11

OffgasFlow 0.0036 -0.038 028 -0.019 0053 H 0.21
RefluxFlow ~ -0.86  -0.065 | 047 01 013 023 032 n

Tray25Temperature 0. 021 034 032 039
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Generating a Linear Regression Model

Model Training

~ Jupyter ¢
python

from sklearn.linear model import LinearRegression

linReg = LinearRegression()

linReg.fit(X train, y train)

LinReg

const

BottomFlow
BottomLevel
BottomPressure
BottomTemperature
FeedTemperature
HeadTemperature
OffgasFlow
RefluxFlow

Tray25Temperature

21.643687

LinReg Model:
0.030
-0.018
— RVP = 21.64 +
00 -0.041*BottomFlow +
0.019 -0.033*BottomLevel +
-0.000 0.031*BottomPressure +
-0.048
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Generating a Support Vector Regression Model

Support Vector Regression

Image Source

y « Minimize:

ST +eX ()

» Constraints:
v, —ux, —b=g+é&

wx, +b—v, <E+&

£.& 20

— Jupyter ¢3
python

, Modeling

Fit as many instances as possible on the street (

from sklearn.svm import SVR
svrModel = SVR(kernel='rbf")
svrModel.fit(X train, y train)

SVR(C=1.8, cache size=288, coef=8.8, degree=3, epsilon=8.1, gamma="auto',
kernal="rbf", max_iter=-1, shrinking=Trus, tol=8.881, verboss=False)
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Model Verification
e.valuateMOdel(Xitest, y test, linReg, 'Linear') : Jupyter ﬁ

Linear Model RMSE = ©.5648434654589196

) Linear Model pgthon

3 svrPipelineTuned = svrPipelineCV.best_estimator_
— . evaluateModel(X_test, y_test, svrPipelineTuned, 'SVR Pipeline Tuned")
g 2 - ¢ SVR Pipeline Tuned Model RMSE = @.37702556681676012
o . - . .
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Create a Streaming View
Streaming : JUp)/ter a

from requests.packages impert urllib3

ur‘llihB.dis.‘;lhle_war“r'lings(SJ pgthon
import requests

from requests_kerberos import HTTPKerberosAuth, OPTIONAL

import base64

def writeValuesToPI(time, linReg_prediction, svr_prediction)

timeISO86@1 = time[:19] + "Z°

elementPath = 'PISRV@1\Stabilizer\Houston\Stabilizer'
linPredPath = 'PISRVOL\Stabilizer\Houston\Stabilizer|LinReg | RVD
svrPredPath = 'PISRV@1\Stabilizer\Houston\Stabilizer|SVR_RVP
elementlebId

= 'P1Em’ + base64.bédencode(elementPath.encode()).decode( ascii’
svrPredilebId = 'P1AbE’ + base64.b6dencode(svrPredPath.encode .decode('ascii
linPreduebId = 'P1AbE' + base64.b6dencode(linPredPath.encode()).decode( ascii’

url = f'https://pisrvel/piwebapi/streamsets/{elementWebId}/value?webIDType=PathOnly"
body = [

"WebId": svrPredWebld,
"Value™:
"Timestamp”: timeIS08601,
"Value": svr_prediction

"WEbId": linPredWebId,
“Value”
Tlmestamg timeIS08601,
"Value" inReg_prediction

}
]

P = requests post(
str(hod

),
auth=l HTTPKerberosAuth(mutual authentication=0PTIONAL),
verify=False

print(f'PI Web API Response Status: {r.status_code}")

OSlsoft.
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Refinery Stabilization Column Predictive ML Models

/ Create a streaming view \
Generating a model
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Refinery Stabilization Column Predictive ML Models

/ Execute a streaming view \




Refinery Stabilization Column Predictive ML Models
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Predictive ML Models

Generating a model

R o Mi ft
, : o ICroso
Streaming view &MAT:::IC& python WEN Azure
wicrosoft®
—0n &= 750LServer \

o~ # ‘MATI,AB' ﬁ .
§8E8che, tvg;’ R puthorj 7

7

J
) Shaping and exporting the data —\

J
—»(’ _ % Microsoft® . J
8 < SQLServer

© Copyright 2019 OSlsoft, LLC 24



ML Models in Pl System Infrastructure
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Examples

vicosor DEschutes Brewery - Brewing Beer the Smart Way

[ |
Wl Azure

SIMCA’

R

‘ MATLAB

(https://www.osisoft.com/Presentations/Brewing-Beer-the-Smart-Way/)

Boehringer Ingelheim - A Case Study in Biopharmaceutical Data Analytics

(https://www.osisoft.com/Presentations/A-Case-Study-in-Biopharmaceutical-Data-Analytics--Using-Asset-Framework-and-
Event-Frames-for-MVDA/)

Vitens N.V. - Data Science with R and the Pl System

(https://www.osisoft.com/Presentations/Data-Science-with-R-and-the-PI-System/)

Using MATLAB with Pl System for Analysis and Process Monitoring

(https://www.mathworks.com/videos/using-matlab-with-pi-system-for-analysis-and-process-monitoring-81859.html)
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Challenges

 Pharma, food & beverage - prediction of fermentation performance
* Chemistry - prediction of reaction outcomes
» Metallurgy - liquid metal composition

« All industries — condition based maintenance
(degradation curve prediction)
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