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Do we need operators?

T L L I TR A
ko
I I
I 1 Il [ (0 1

BBT&EBRY

g . Alarm intensity

=7 (I

4
3 x10 T T T T T I T I Time (Bins, each bin = 300 seconds)

—All alarms produced by the DCS
257 Alarms seen by the operator Ié o wl IIHIIIIII TR 5
- - =EEMUA managable level (300) w0 ! \ |

BN

-
T

] =

—

Alarms per day

TagMame

-
T

e ! Olpljerator action intIenslity

I I I
05F

I
=7 HAww fe

Time {Bins, each bin = 300 seconds)

rr PC s 09 November 2021

Process Control Systems Meeting On-line



They still interact...

- PCS
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Metric

Annunciated alarms per hour per
operator console

Annunciated alarms per 10 minutes per
operator console

Percentage of 10-minute periods
containing more than 10 alarms

Maximum number of alarms in a 10-
minute period

Percentage of time the alarm system is
in a flood condition

Percentage of the top 10 most frequent
alarms to the overall alarm load

Quantity of chattering and fleeting
alarms

Stale (standing) alarms

Annunciated priority distribution
3 priorities: (Low-Medium-High)

Alarm performance metrics based on 30< days of data

Target Value

Acceptable  Max.

~6 ~12
~1 ~2
~<1 %

<10

~<1%

~“<1%to5%
maximum

Zero

Less than 5
present on any
day

80-15-5%
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“Self-driving” operation

Exploring the alarm messages

Exploring the alarm-control
action connections

Validation of the control
actions

Process Control Systems Meeting

RENIS

Alarm load is decreased

Recommendation system

Fully automatized (and
optimal) control
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Alarm & Event Log Databases

Unit

10/24 10/24/ Distillation Main Head Alarm High alarm
/2018 2018 column temp.
16:02 16:04
10/24 10/24/ Distillation Main Cond. Operator Open
/2018 2018 column cooling action
16:02 16:04

: Millions of data points

<

Data (process) mining, machine (deep) learning...

<

Something useful ?
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Concept

PAST
Root Discrete
OOt cause

analysis events and

Discrete events

 State of the process * Root cause analysis

* Frequent sequence mining for
prediction

* Event prediction

e Visualisation for

e Alarm — operator interactions interpretability

7PCS

Process Control Systems Meeting

FUTURE

Event (failure)
prediction

Alarm
suppression /
automation

Hierarchy of the process

* Structural process models
* Helps the freq. seq. mining

* Monitoring the spillover of
malfunctions
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The method and the framework
Open source machine learning tools are applicable in the process industry

Online data / \
§ Offline Online applications
data
Trained model
Data

warehouse Root cause analysis

Deep learning
Keras, TensorFlow Seq Zseq

Event prediction

Extracted knowledge Anomaly detection

Visualisation Sequence mining \ /

Matplotlib, plotly, bokeh spmf toolbox
]

@ python 4 Keras W2
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Where is the problem?
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Visualisation of alarms
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Distribution of alarms

COKER SEPARATOR

GAS COMPRESSOR
|

mEy ABSORBER H,5 RECOVERY Heating gas

DEBUTANIZER

Raw material

MDEA: methyl diethanolamine
MEROX: mercaptan oxidation
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COLUMN
(OR TOWER)

Sequence mining

Alarm messages
Fouling

4

L H H H L H H L
Freflux = Pcondenser = Tcolumn top = Tcondenser = Aproduct Flowpump = Qcooling = Flowinflow = Bypass

Operator actions

Causal relations?

Techniques

* Frequent sequence mining

e
635—?%;

* Deep learning
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Sequences of hierarc
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Spillover effect of malfunctions

* Nodes — production units
* Edges — direction
*  Weights — probablity of spillover

0.24

>

1

0

15

" PCS

Process Control Systems Meeting

Production Unit
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Polyline — sequence
Color - start of alarms
Thickness — frequency

D [unit Junitname |
1 AS  DCU AMINE REGENERALO
2 D1  DCURAW MATERIAL SYSTEM
3 D2  DCU H-101 FURNACE
4 D3  DCU COKE TANKS
5 D4  DCU MAIN FRACTIONATOR
6 D5 DCULCGO HCGO PRODUCT SYST.
7 D6  DCUBLOWDOWN SYST.
8 FU  FLARE SYSTEM
9 Gl  DCU MOIST. GAS SYSTEM
10 G2  DCU HEATING GAS LINE
11 G3  DCU C3/C4 SEPARATION
12 G4 DCU C3/C3=SEPARATION
13 G5 DCU BENZIN SEPARATION
14 S1  DCU UTILITY SYSTEMS 1
15 S2  DCU UTILITY SYSTEMS 2
16 S3  DCU UTILITY SYSTEMS 3
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Prediction of alarms

' Pc s 09 November 2021

Process Control Systems Meeting On-line



Alarm prediction

Online occurring sequence:

Confidence-based prediction
82 = 191 = 41 = ... . .
High variability!

Eg;tezls;tj;ce;rison ‘ Prediction of the event with
P the highest confidence

Frequent
sequence DB
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Visualising the sequences — water system

Nemeshetési tarcld'szintiriasztas bekavetkezait
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Maintenance monitoring
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Adott karbantartds elemzése

72018
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Nemeshetés atem el vil. kapesaloszekrény Nemeshetés viztarol

52018

Paloske 3 szv. dtemeld (P-3) 2 szivatiyi Poloske 3 sz, dtemeld

Nemeshetés | s2v. temeld 2 savatyti Nemeshetés | szennyiz

Bucsuszentlészi dtemeld géphiz Bucsuszertiasziél dtemeld

Time differences

B41 el demelé akna Blicsiszentiaselé B-1 jell s2v. atemeld

Nemeshetés |. sz atemeld 1 szvattyli Nemeshetés | szennyuizatemel

B-1 szenmypzdtemeld 2 szivattyll Biiostiszentldszla B-1 jeli szv. dtemeld

B-1 szennyizdtemel 1 savatty Blcstiszentdszla B-1 jeii szv. dtemels

Errors

Arany J. v, idvizvezeték Arany J. u ivovizhildzat

Ay E, . 4414 ivévizvezetél AdyE, v, ivdizhal ozat

Down times

sl dtemeld géphiz el dtomels

iasclo viztirold

Vastalant zirs I, Blicstiszent s A6l vastal e

Nastalanito sz 1. Bucsuszentias=idl vastalanito

Karbantartasok eléforduldsa leirds

2.k kitakna 2 2 kit

Bkt kitakna 3 sz kit

Bucsuszentldszlo atemeld géphiz Bucwiszertiaseléi dtemels

Maintenance monitoring

Maintenances

Karbantartasok elsfordulasa

Process Control Systems Meeting



Predictive maintenance -

How to schedule maintenances?

20 4

Number of
occurrences

umber of accurrances -]

Time differences between
maintenances
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Conclusions — act now!

The number of sensors is increasing!

The number of operators is decreasing!

The monitored data is unused — acquired,

stored, managed...

Costs?
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alarms.hu

Szolgaltatasaink

Alarm rendszerek vizsgalata

AlarmSolutions

Anomalia detekcio

Prediktiv karbantartas

arm
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Rabbit Miner — The process systems engineers

* QOptimization

* Process systems engineering
* Process/Data mining

* Data science applications

* Industry 4.0 solutions

) BANG

7 UC DAVIS BUSINESS COMPETITION

TOP 50 in BIG BANG Startup competition,

University of California, Davis USA

@2 Rabbit Miner

A

Data-driven Smart monitoring
process development system

Root cause Decision support
analyses based on process simulation
Contact:

Web: www.rabbitminerlab.com
E-mail: miner@rabbitminerlab.com

- PCS

Process Control Systems Meeting

09 November 2021

On-line


http://www.rabbitminerlab.com/
mailto:miner@rabbitminerlab.com

Thank You for your attention!
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