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Towards Autonomous Operations

• Definitions

– Automation & Autonomation

– Augmented Operations & Autonomous Operations

• Autonomous Operations Maturity Level Measurement

• A Pragmatic Implementation Strategy for Autonomous 

Operations

• Summary and the Way Ahead!  

Towards Autonomous Operations

1] The Autonomous Industrial Plant – Future of Process Engineering, Operations and Maintenance [ABB DECRC: Thomas Gamer, Mario Hoernicke, Benjamin Kloepper, Reinhard Bauer & Alf J. Isaksson]
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1] The Autonomous Industrial Plant – Future of Process Engineering, Operations and Maintenance [ABB DECRC: Thomas Gamer, Mario Hoernicke, Benjamin Kloepper, Reinhard Bauer & Alf J. Isaksson]

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]

Autonomation

Analyze

ActSense

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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SolvePerceive

Understand

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] Adaptable behaviour using AI/ML
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1] The Autonomous Industrial Plant – Future of Process Engineering, Operations and Maintenance [ABB DECRC: Thomas Gamer, Mario Hoernicke, Benjamin Kloepper, Reinhard Bauer & Alf J. Isaksson]
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Towards Autonomous Operations

• Manual start

• No brake / steering servo

• Manual windows

• Manual gearbox

• Electric start

• Brake / steering servo

• Electric windows

• Automatic gearbox

• Cruise control (also adaptive)

• ABS brakes / traction control

• Emergency braking

• Self parking

• Self driving (different levels)

• Autonomous route planning and execution

• Traffic optimization – no traffic lights and 

collision avoidance by car-to-car 

communication

Autonomation in Vehicles

Source: SAE International - SAE J3016TM Levels of Driving AutomationTM
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Autonomation in Process Industries

Source: https://www.arcweb.com/blog/what-autonomous-operations

Augmented Operations

Analyze

ActSense

SolvePerceive

Understand

Decide Act

Augmented Operations

If human intervention is required to perform the solving 

in some way (taking the decision or performing the 

action) then we refer to this as an Augmented 

Operation

+

+

+



6/16/2022

6

Autonomous Operations 

Analyze

ActSense

SolvePerceive

Understand

Decide Act

Autonomous Operations

If human intervention is not required and the solving is 

performed automatically, either by a modification to the 

underlying automation system, for example a setpoint 

modification or is performed by a robot (replacing a 

faulty part) then we refer to this as an Autonomous 

Operation

+

Maturity Level Measurement

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

Autonomation

Towards Autonomous Operations

Plant Autonomy

Automation Level 1 Level 2 Level 3
Highly Automated

Normally Unattended Facility

Predictive Analytics > Prescriptive Analytics

Augmented Operations

AI/ML replacing human intervention

Integrated Analytics

Remote Operations

Very Reliable Extremely Reliable

Autonomous Operations

Unattended Facility

Autonomous
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An Implementation Strategy

Towards Autonomous Operations

Plant Autonomy

Automation Level 1 Level 2 Level 3
Highly Automated

• Maximize the automation!

Automation – Level 1

Time

High Alarm Level

Low Alarm Level

Plant start up

Manual

Plant in production

Automated

Plant shutdown

Manual

Basic regulatory closed loop control is 

used to keep process within acceptable 

limits 
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Automation – Level 2

Time

High Alarm Level

Low Alarm Level

Plant start up

Manual

Plant in production

Automated + APC

Plant shutdown

Manual

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

Automation – Level 3

Time

High Alarm Level

Low Alarm Level

Plant start up

Automated

One Button Start/Stop

ISA-106 State Based Control

Plant in production

Automated + APC

Plant shutdown

Automated

One Button/Start Stop

ISA-106 State Based Control

Start up time improvement
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Human Intervention

Time

Process variable controlled by PCS

High Alarm Level

Low Alarm Level

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 Alarm Level

If all operators were experienced and 

attentive then the high alarm limit could 

be increased 

Operator Effective design is 

required to reduce the risk of 

process trips ocurring

Integrated Process, Safety & 

Power Automation 

technology reduces time to 

action

High High Alarm Level

Human Intervention

Time

Process variable controlled by Process Control System

High Alarm Level

Low Alarm Level

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 alarm limit set to give inexperienced or inattentive operator 

time to make corrective action before high high trip limit is breached 

Time for action

Operator Effective design is 

required to reduce the risk of 

process trips ocurring

Integrated Process, Safety & 

Power Automation 

technology reduces time to 

action

High High Alarm Level
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Human Intervention

Time

Process variable controlled by Process Control System

High Alarm Level

Low Alarm Level

High alarm level is breached and no  

corrective action is taken 

Process variable controlled by PSD/ESD

High High alarm level is breached and process 

is shutdown by Safety System This is strictly speaking an event and not an alarm 

because there is nothing that the operator can do 

from now on to affect the outcome 

!

High High Alarm Level

Operator Effective design is 

required to reduce the risk of 

process trips ocurring

Integrated Process, Safety & 

Power Automation 

technology reduces time to 

action

Autonomation in Oil & Gas

Source: https://www.arcweb.com/blog/what-autonomous-operations
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Human Intervention

In reality, an Operator can only attend to a relatively small number of I/O signals at any one 

time……

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?

An Implementation Strategy

Towards Autonomous Operations

Plant Autonomy

Automation

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

Level 1 Level 2 Level 3

Predictive Analytics > Prescriptive Analytics

Integrated Analytics

Augmented Operations

Autonomous Operations

Normally Unattended Facility Unattended Facility

Remote Operations

Autonomation
AI/ML replacing human intervention

Highly Automated

Very Reliable AutonomousExtremely Reliable
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Integrated Analytics

Time

Process variable controlled by Process Control System

High Alarm Level

Low Alarm Level

The abnormal process behaviour 

development is likely due to 

equipment failure

!

Predictive 

Analytics

A move from a reactive to a predictive maintenance regime is essential for a move towards 

remote and autonomous operations 

40% of abnormal situations come from 

equipment failure, 20% from the process 

and 40% from people
High High Alarm Level

Integrated Predictive Analytics

Time

Process variable controlled by Process Control System

High Alarm Level

Low Alarm Level

The abnormal process behaviour 

development is likely due to 

equipment failure

!

Predictive 

Analytics

A move from a reactive to a predictive maintenance regime is 

essential for a move towards remote and autonomous operations 

40% of abnormal situations come from 

equipment failure, 20% from the process 

and 40% from people

High High Alarm Level

AI/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 

X
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Integrated Prescriptive Analytics

Time

Process variable controlled by Process Control System

Low Alarm Level

AI/ML determines what action is required and alerts the operator or 

maintenance technician to perform the required action

High Alarm Level With AI/ML driven early warning 

in place we can think about 

raising the high alarm limit 

!

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

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)

High High Alarm Level

X
X

Integrated Robotics

Time

Process variable controlled by PCS

High Alarm Level

Low Alarm Level

High Alarm Level With AI/ML early warning and 

integrated robotics in place we 

can think about raising the high 

alarm limit even higher! 

!

AI/ML determines what action is required and performs 

the required action and informs the operator

The more sophisticated AI/ML working in closed loop control (with 

robotics) significantly reduces the process upset 

X
X

High High Alarm Level
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An Implementation Strategy

Towards Autonomous Operations

Plant Autonomy

Automation

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

Level 1 Level 2 Level 3

Predictive Analytics > Prescriptive Analytics

Integrated Analytics

Augmented Operations

Autonomous Operations

Normally Unattended Facility Unattended Facility

Remote Operations

Autonomation
AI/ML replacing human intervention

Highly Automated

Very Reliable AutonomousExtremely Reliable

Augmented Operations I Generation
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Augmented Operations II Generation

PVs that contribute to 

the anomaly:

1. W22PZT1044

2. W22PZT1045

3. W22PZT0385

The current pattern is 

like the patterns in:

29.10.2020

06.10.2020

04.10.2020

Anything going wrong? Why does it go wrong? What can be done? Will it work?

Knowledge 

Extraction

Anomaly Detection 

Services
Anomaly Detection 

ServicesAnomaly Detection

Similar past 

situation and 

context

Has it happened before?

Workflow
Topology-based 

Root Cause Analysis

Anomaly Detection 

Services
Anomaly Detection 

ServicesWhat-if-Simulation

An Implementation Strategy

Towards Autonomous Operations

Plant Autonomy

Automation

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

Level 1 Level 2 Level 3

Predictive Analytics > Prescriptive Analytics

Integrated Analytics

Augmented Operations

Autonomous Operations

Normally Unattended Facility Unattended Facility

Remote Operations

Autonomation
AI/ML replacing human intervention

Highly Automated

Very Reliable AutonomousExtremely Reliable
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Remote Operations

A move towards Normally Unattended Facilities (Remote 

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 ]

Multi-Purpose Dynamic Simulator (Digital Twin)

[40% of abnormal situations come from people ]

Augmented Operations

[20% of abnormal situations come from the process]

An Implementation Strategy

Towards Autonomous Operations

Plant Autonomy

Automation

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

Level 1 Level 2 Level 3

Predictive Analytics > Prescriptive Analytics

Integrated Analytics

Augmented Operations

Autonomous Operations

Normally Unattended Facility Unattended Facility

Remote Operations

Autonomation
AI/ML replacing human intervention

Highly Automated

Very Reliable AutonomousExtremely Reliable
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Summary & the Way Ahead!

1

Maximise the 

Automation

2

Remote Operations

3

Integrated 

Analytics

4

Augmented 

Operations

Automation (OT)

4
R&D R&D

6

Integrated Robotics

Autonomous (Operations): 

Denoting or performed by a device (system) capable of operating without direct human control (intervention)

40% of abnormal situations 

come from people

40% of abnormal situations 

come from equipment failure

20% of abnormal situations 

come from the process

Adaptive Agile Project Execution

Augmented Operations II 

Gen

5

Thank You & Questions!


