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Introduction

• What is Self-Awareness?

• Some definitions first

• Self-Awareness is:

➢ “A conscious knowledge of one's own character and feelings”

➢ “An awareness of one's own personality or individuality”

• A physical process from a Neurology standpoint

➢ We’re not sure how exactly self-awareness arises in Ego-things

• A mental process from a Psychology standpoint
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What is Self-Awareness?

• Nassier argues about 5 levels of self-knowledge:

➢ The ecological self 

➢ The interpersonal self

➢ The extended self

➢ The private self

➢ The conceptual self

• These layers are developed in parallel from infancy

• Self-awareness arises by the interaction of the various 

levels of self-knowledge
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What is Self-Awareness?

• Many things around the subject are still unclear

• Its foundations are not proven to exist

➢ Some Neurologists argue it’s an illusion

• There is no genuine theory of the underlying principles and 

methods that give rise to true Self-Awareness

• This makes implementation ever so harder

• Some propose to ground it in the solid theoretical 

framework of Integrated Information Theory
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Technical Difficulties

• Extremely demanding processing capabalities in order to 

run live

• High complexity of inter-connected algorithms and systems

• Training requires huge amounts of properly refined data

• Real-world implications which require:

➢ Extreme reliability 

➢ Accuracy

➢ Conflict-resolving ability
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Motivations for Self-

Awareness in robots

• The benefits are endless

• The path to AGI / Superintelligence goes through machines 

that are Self-Aware

• Conscious, meta-selfaware Ego-things

➢ Can assist humans in every aspect of their lives

• Huge advancements for

➢ Medicine

➢ Industry / IT sector

➢ Biology, Physics, Computer Science, Engineering, etc.

7



Self-Awareness in 

Autonomous Systems

• Self-awareness definition

• Self-aware systems

• Cognitive architecture

8



Cognitive Architectures

Some existing cognitive architectures:

• ACT – R (2004) (Adaptive Control of Thought-Rational)

➢ Classical rule-based system

➢ (facts + events) organized with (production rules + procedures)

➢ Memory contains “chunks” of data

➢ Rules applied to chunks lead to:

o Robot action in the world 

o Change in declarative memory

• Chunks that are frequently selected have a higher chance of being 

selected again
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Cognitive Architectures

• ACT – R (2004) (Adaptive Control of Thought-Rational)

➢ New rules are created from trying to achieve goals

➢ Costs and Success rates of the rules converge through an 

optimization procedure

• SOAR (2006) (State, Operator And Result)

➢ Aims to model human cognition

➢ Knowledge represented by production rules

➢ Rules conditions are matched to working memory, where attributes 

and values are encoded

➢ “Chunking” + reinforcement learning produce new rules
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A theoretical approach

• “Levels of Networked Self-Awareness” (2018) L.Esterle, J. 

Brown

• Tackles the issue of live runtime of SISSY systems

• Self-Awareness alone is not enough

• Self-Aware systems must be aware of the self-awareness of 

other systems.

➢ Just like humans, e.g. a baby falls into inanimate objects until it 

learns these objects are not self-aware

• These systems create networks 
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Another approach

• “Towards Self-Aware Robots” (2018), by Chatila R, Renaudo E, Andries M, 

Chavez-Garcia R-O, Luce-Vayrac P, Gottstein R, Alami R, Clodic A, Devin S, Girard B and Khamassi M 

➢ A more sophisticated and hands-on approach

• Self-awareness must first rely on perception of self as different from 

the environment and from other agents

• This is achieved via “Perception and Affordance learning”

• The robot develops sensorimotor representations and not just 

exteroceptive representations

➢ Perception is thus not an isolated process

➢ The robot learns that the same object can have different meaning to different 

individuals

➢ A link between self-awareness and situation-awareness is formed
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Perception and 

Affordance learning 
Source:https://www.frontiersin.org/articles/10.3389/frobt.2018.00088/full
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Perception and 

Affordance learning 
Source:https://www.frontiersin.org/articles/10.3389/frobt.2018.00088/full
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Learning Actions and 

Plans Source:https://www.frontiersin.org/articles/10.3389/frobt.2018.00088/full
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Joint Human-robot 

action

• A PR2 robot sharing with a human the goal of cleaning a 

table:

Source:https://www.frontiersin.org/articles/10.3389/frobt.2018.00088/full
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Joint Human-robot 

action

Source:https://www.frontiersin.org/articles/10.3389/frobt.2018.00088/full 17
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Motivational System

• Implementing motivation for the robot

➢ Consists of goals which are associated with rewards

o Goals can be chained or individual

o Goals can be permanently active or not

➢ Goals are achieved through policies 

• Motivational architecture:
1. Handles motivations

2. Computes possible policies for each motivation

3. Predicts the behavior of each policy and its effect on motivations

4. Predicts the effects of a chain of policies

5. Finds an optimal arrangement of the policies, using a reward maximizing 

function
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Decision-making system

• Based on the Motivational system, a Decision-making 

system is organized in modules:

➢ Intentional module, where objectives are in the form of motivations

➢ Operational module, which computes policies

➢ Deliberation module

• The Deliberation module is the “brains” of this model:

➢ It provides the goal that will reward the operational model

o This in turn triggers the corresponding motivation, and creates policies

➢ Then it computes the effects of these policies on all motivations

19



Decision-making system

Source:https://www.frontiersin.org/articles/10.3389/frobt.2018.00088/full 20
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The Cognitive 

Architecture

Source:https://www.frontiersin.org/articles/10.3389/frobt.2018.00088/full 22
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Q & A

Thank you very much for your attention!

More material in 

http://icarus.csd.auth.gr/cvml-web-lecture-series/ 

Contact: Prof. I. Pitas

pitas@csd.auth.gr
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