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Towards Autonomous Operations il
Airplanes/Drones (Military) Driverless metros Warehouse robots Cars

a
it

General Atomics MQ-2

Google’s self-driving car
Amazon Robotics
(formerly Kiva Systems)
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Automation

An automation system typically performs precisely

defined instructions within a limited scope of operation.

A classical control loop can be broken down into the
phases of sense, analyze and act. For example, a motor
is running too fast (sense), the controller decides to
reduce the speed (analyze) and reduces the current to
the motor (act) [1]
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Autonomation

An automation system typically performs precisely

defined instructions within a limited scope of operation.

A classical control loop can be broken down into the
phases of sense, analyze and act. For example, a motor
is running too fast (sense), the controller decides to
reduce the speed (analyze) and reduces the current to
the motor (act) [1]

An autonomous system feedback loop adds another
shell, applying the same principle but on a more
complex level, dealing also with what is not known or
foreseen. A self-driving vehicle identifies an obstruction
(perceive), recognizes that a potentially dangerous
situation may arise (understand) and takes corrective
action by modifying the speed and trajectory of the
vehicle (solve) [1]
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Towards Autonomous Operations =

Webinars

Electric start

« Manual start Self parking

Brake / steering servo

- No brake / steering servo Self driving (different levels)

. Manual windows - Electric windows + Autonomous route planning and execution
+ Manual gearbox + Automatic gearbox « Traffic optimization — no traffic lights and
. Cruise control (also adaptive) collision avoidance by car-to-car

communication

ABS brakes / traction control

Emergency braking

9

Autonomation in Vehicles

SAE SAE AE
LEVEL 3" § LEVEL LEVEL 5"

You are driving whenever these driver suppart features You are not driving when these automated driving
are engaged - even if you et are off the pedals and features are engaged - evel ou are seated in
you are nol sleering “Lhe driv e

Webinars

What does the
human in the
driver's seat :
have to do? You must constantly supervise the upport features: When th e These automated driving features
: you must steer, brake or acceler as needed to =zl will not require you to take
maintain safety T over driving

These are driver support features

These are automated driving features

Th features es These features These features drive the vehicle This feature
are limited P provide under limited conditions and will can drive the
What do these to providing S’ n: steering not operate unless all required vehicle under

warnings and - AND brake/ conditions are met
momentary acceleration acceleration

supporl Lo supporl Lo

the driver the driver

all conditions
features do?

- automatic -lane centering +lane centering « traffic jam «local driverless [l < same as
er ncy OR chauffeur taxi level 4,
braking but feature
- e ise e +pedals/
Example adaptive cruis ptive crt P can drive
Features = blin: control oltithe steering

everywhere
in all
conditions

wheel may or
- lane departure m(a{/d“::‘be
warning o
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Source: SAE International - SAE J3016TM Levels of Driving Automation™
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Autonomation in Process Industries

Level 5 Operational Technology (OT) is in full autonomous control of all
Full Autonomy situations. Humans may not be present locally or remotely.

Level 4

Select Autonomy OT performs autonomously for control of selected processes.
Humans supervise the systems actions.

Level 3 =: =

Advanced Regulatory lifor selected ms:;:"n::::mtmn o

Level 2 OT is in control for routine logic and

RSVEIGPNCGIUENTL] B regulatory processes, Humans make

.n_en-rouﬁne actions
Level 1
Operations Assistance

OT provides humans with
£ decision support

Level 0
No Autonomy

Autonomous Operations Maturity Levels

Operational Technology (OT) Digital Transformation
to Autonomous Operations
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Augmented Operations

If human intervention is required to perform the solving

X X o . Understand
in some way (taking the decision or performing the
action) then we refer to this as an Augmented
Operation
Analyze
Sense Act

Perceive v Solve
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Autonomous Operations Wepinars

Understand
If human intervention is not required and the solving is Perceive Solve -==*===+> Decide «weeseed > Act
performed automatically, either by a modification to the
underlying automation system, for example a setpoint @ + E
modification or is performed by a robot (replacing a
faulty part) then we refer to this as an Autonomous Autonomous Operations

Operation

NG
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Maturity Level Measurement =

Towards Autonomous Operations
Plant Autonomy

Automation Level 1 Level 2 Level 3 Highly Automated
Autonomation
@ Al/ML replacing human intervention
Integrated Analytics Very Reliable Extremely Reliable Autonomous
o
@ r— Augmented Operations E
Autonomous Operations

Predictive Analytics > Prescriptive Analytics

Remote Operations
Normally Unattended Facility Unattended Facility

Maturity Level = Automation x Remote Operations x Predictive Analytics x Augmented Operations x Autonomous Operations
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An Implementation Strategy oo

e Maximize the automation!

Towards Autonomous Operations
Plant Autonomy

Aut ti Level 1 Level 2 Level 3
dtomation Highly Automated

Automation — Level 1 Weomars

Basic regulatory closed loop control is
used to keep process within acceptable
limits

Plant shutdown
Manual

Plant in production
Automated

Plant start up
Manual

High Alarm Level

Time
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Automation — Level 2 =

APC (Advanced Process Control) is added to significantly reduce or remove process
variable fluctuations and enable a production setpoint move closer to the high
level alarm limit and increase production

Plant shutdown
Manual

Plant start up
Manual

Plant in production
Automated + APC

1
1
1
1
1
High Alarm Level :
1
1

Low Alarm Level

Time

Automation — Level 3 Wenmmars

Plant shutdown

Automated

One Button/Start Stop
ISA-106 State Based Control

I
: Plant start up 1 Plant in production
| Automated | Automated + APC
I One Button Start/Stop :

1

| 1SA-106 State Based Control

High Alarm Level
-

Time
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Human Intervention

A highly experienced and attentive operator observes abnormal
behaviour development in the process variable and makes an
appropriate adjustment to the PCS before it breaches the high

alarm level

High High Alarm Level

High Alarm Level e

Process variable controlled by PCS

Low Alarm Level

=
Webinars

If all operators were experienced and
attentive then the high alarm limit could
be increased

High Alarm Level

Operator Effective design is

required to reduce the risk of Power Automation ~
process trips ocurring technology reduces time to
action

O Integrated Process, Safety &

Time

Human Intervention

A less experienced or inattentive operator is alerted by the process variable breaching the
high level alarm limit and makes an appropriate adjustment to the Process Control System

High High Alarm Level

High Alarm Level

Process variable controlled by Process Control System

Low Alarm Level

Webinars

High alarm limit set to give inexperienced or inattentive operator
time to make corrective action before high high trip limit is breached

Time for action D

o

Operator Effective design is ﬂ:a
required to reduce the risk of
process trips ocurring

Time
Integrated Process, Safety &
Power Automation A
technology reduces time to [
action
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B
Human Intervention weomars

High High alarm level is breached and process

is shutdown by Safety System = This is strictly speaking an event and not an alarm
High alarm level is breached and no because there is nothing that the operator can do
from now on to affect the outcome

corrective action is taken

High High Alarm Level

High Alarm Level

Process variable controlled by Process Control System

Low Alarm Level

Time
Operator Effective design is ©) Integrated Process, Safety & Pr——
required to reduce the risk of @ Power Automation :
process trips ocurring technology reduces time to

action

Sense Act

! (

Autonomation in Oil & Gas Webmars

Level 5 Operational Technology (OT) is in full autonomous control of all
Full Autonomy situations. Humans may not be present locally or remotely.

Level 4
Select Autonomy

aturity Levels

OT is in control for selecte

will alert Humans w b jons are nee

< No Auonomy
Operational Technology (OT) Digital Transformation
to Autonomous Operations

CRS
3

Source: http: arcweb.c 8/ P
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Human Intervention "o

In reality, an Operator can only attend to a relatively small number of I/0 signals at any one
A typical oil & gas plant automation system solution may have 40,000-50,000 I/O signals and
20,000 to 25,000 alarms

40% of abnormal situations come from equipment failure

20% from the process

40% from people

What can we do?

NG
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An Implementation Strategy =

Towards Autonomous Operations
Plant Autonomy

Automation Level 1 Level 2 Level 3 Highly Automated
Autonomation ‘5}% Al/ML replacing human intervention
N alx
- Iwﬁ_ —3) Very Reliable Extremely Reliable Autonomous
‘ o
@ r— Augmented Operations E
Autonomous Operations

Predictive Analytics > Prescriptive Analytics

emote Uperations

Normally Unattended Facility Unattended Facility

Maturity Level = Automation x Remote Operations x Predictive Analytics x Augmented Operations x Autonomous Operations
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Integrated Analytics
o

')

The abnormal process behaviour
development is likely due to
equipment failure

o
M)

................ A
&

High High Alarm Level

Predictive
Analytics

High Alarm Level

—_N
—
Webinars

40% of abnormal situations come from
equipment failure, 20% from the process
and 40% from people

Low Alarm Level

Time
A move from a reactive to a predictive maintenance regime is essential for a move towards
remote and autonomous operations
D
RS
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Integrated Predictive Analytics —
Webinars
(@) @ Al/ML alerts the operator that something is out of the ordinary, a
@ corrective action is most likely required, BUT, the operator must determine
! * what action is required and make the correction
;h_gI; ;iiél;/;l;r;w_L;v_el_ T ! ! 5 The abnormal process behaviour 40% of abnormal situations come from
o development is likely due to equipment failure, 20% from the process
@ Predictive / equipment failure and 40% from people
High Alarm Level Analytics o
W
Process variable controlled by Process Control System
Low Alarm Level
Time
A move from a reactive to a predictive maintenance regime is / \
essential for a move towards remote and autonomous operations
Percebve sowe
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Integrated Prescriptive Analytics =

Webinars

(@] % Al/ML determines what action is required and alerts the operator or
D maintenance technician to perform the required action

High High Alarm Level Vi ! \

High Alarm Level With Al/ML driven early warning
--------------- in place we can think about
T raising the high alarm limit

Process variable controlled by Process Control System

Low Alarm Level

The more sophisticated Al/ML significantly reduces the solving time (decision and T

action) and the process variable fluctuations and enable a production setpoint
move closer to the high level alarm limit and increase production (similar to APC)

Time

Integrated Robotics =

Webinars

Al/ML determines what action is required and performs
the required action and informs the operator

--------- integrated robotics in place we
can think about raising the high
.. alarm limit even higher!

________________ f 5 High Al Level With Al/ML early warning and
High High Alarm Level ! igh Alarm Level

High Alarm Level

Low Alarm Level

Time
Undustand

The more sophisticated Al/ML working in closed loop control (with ' \
robotics) significantly reduces the process upset
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An Implementation Strategy

Towards Autonomous Operations
Plant Autonomy

Automation Level 1 Level 2 Level 3

Highly Automated

Autonomation . . .
Al/ML replacing human intervention

Integrated Analytics

©]

D — Augmented Operations

Predictive Analytics > Prescriptive Analytics

Remote Operations
Normally Unattended Facility

Maturity Level = Automation x Remote Operations x Predictive Analytics x Augmented Operations x Autonomous Operations

Extremely Reliable

=
Webinars

Autonomous

E Autonomous Operations

Unattended Facility

Augmented Operations | Generation

safetylnsigh

Hazardous Event Overview
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Augmented Operations Il Generation =

Webinars
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Topology-based

Anomaly Detection |l .
y Root Cause Analysis

Workflow What-if-Simulation Knowlefige
Extraction
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An Implementation Strategy =

Webinars

Towards Autonomous Operations
Plant Autonomy

Automation Level 1 Level 2 Level 3 Highly Automated
Autonomation
@ Al/ML replacing human intervention
Integrated Analytics Very Reliable Extremely Reliable Autonomous
o
@ r— Augmented Operations E
Autonomous Operations

Predictive Analytics > Prescriptive Analytics

Remote Operations

Normally Unattended Facility Unattended Facility

Maturity Level = Automation x Remote Operations x Predictive Analytics x Augmented Operations x Autonomous Operations

T
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Remote Operations

Webinars

A move towards Normally Unattended Facilities (Remote [fc 2 3 e |
Operations) is also a move Towards Autonomous Operations

All Electric Plant, Power from Shore, Subsea Electrification
Asset Performance Management for Rotating & Electrical etc.
[40% of abnormal situations come from equipment failure |

Normally Unattended Facilities

Multi-Purpose Dynamic Simulator (Digital Twin)

[40% of abnormal situations come from people |

Augmented Operations

[20% of abnormal situations come from the process]

B
An Implementation Strategy =

Webinars

Towards Autonomous Operations
Plant Autonomy

Automation Level 1 Level 2 Level 3

Highly Automated
Autonomation
@ Al/ML replacing human intervention
\\Integrated Analytics Very Reliabl Extremely Reliable Autonomous
o

@ r— Augmented Operations

\ E Autonomous Operations

Predictive Analytics > Prescriptive Analytics

\ Remote Operations

Normally Unattended Facility Unattended Facility

Maturity Level = Automation x Remote Operations x Predictive Analytics x Augmented Operations x Autonomous Operations

=

®
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Summary & the Way Ahead!

40% of abnormalsituations

o come from equipment failure
40% of abnormalssituations

come from people

Human Intervention
Automation (OT)

A q

Maximise the Remote Operations

20% of abnormal situations
come from the process

=
Webinars

-y

Integrated

Automation Analytics Operations

R&D

>
d Operations Il Integrated Robotics

Gen

R&D
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Autonomous (Operations):

Denoting or performed by a device (sy of operating without direct hi

e
(inter

Thank You & Questions!

Webinars
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