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Agent 'Readings | Percepts Percepts

Sensor

: | |
:§>A\O :Du Sensor = % “ Percept | l
5 o Preprocessors g:} ¥ i}cb Aggregators '={>
v

i N(st) I/t \ Tiror %‘j} M(S,)

Sensorimotor
Services Layer

N(3S ) Physical
Layer

Proprioception
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Consciousness in
Artificial Cognitive
Systems

> Introduction
> State of the Art
> CERA-CRANIUM

» Introduction

» CERA-CRANIUM
> Representation
» Modulation

» ConsScale

> Artificial Qualia
» Experimentation
» Conclusions
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Contextualization

 Bottom-Up:

O “Native” context application, such as
spatiotemporal contexts.

d Top-Down:

O Specific context induction from the
Core Layer.
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Systems

> Introduction
> State of the Art
> CERA-CRANIUM

» Introduction
» CERA-CRANIUM
> Representation

Modulation

1 Modulation induced by Core Layer:
O Context Commands.

U CJ-index: Region of interest within the
sensorimotor space of the agent.

» Modulation
Commands
. U - ’;@w
=! )

Physical Layer
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Mission Layer

Calculation of next
Contextual CJ-index

y

y

1

Mission percepts,
Complex percepts,
Novelty percepts,
' Mismatch percepts,
Core Layer

CMMC

Core Layer implementation of the

Cognitive Model
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Systems

> Introduction by N\

> State of the Art /s —lt, L SOX %Impact
> CERA-CRANIUM 4 )%y

» Introduction

» CERA-CRANIUM
> Representation
» Modulation

» ConsScale

> Artificial Qualia
» Experimentation
» Conclusions
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Sensory Fusion Example
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Consciousness in

Artificial Cognitive COn S S Ca l e

Systems

> Introduction 0 Scale designed to measure the cognitive

> State of the Art development of consciousness in agents.

» CERA-CRANIUM

> ConsScale 0 Based on cognitive functions synergy and the
o e e heterophenomenolgy approach.
» Levels
» CQS

» Cognitive Profiling

1st Person
Observation

> Instantiations

> Artificial Qualia
» Experimentation

» Conclusions 3rd Person “2nd Person”
Observation Observation
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Consciousness in

Artificial Cognitive COnSSCa/e

Systems
> Introduction O ConsScale allows the characterization of
> State of the Art the level of development of consciousness
» CERA-CRANIUM based on:
» ConsScale ] —
> Introduction 2 == An ordered list of levels (from -1 to 11).
> Levels —
> CQS 3
» Cognitive Profiling .
> Ar;i ;E;T'g;n;”a } A quantitative score (CQS: from 0 to 1000).

» Experimentation

> Conclusi N 3
QIR ' j “ A graphical cognitive profile.
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> Introduction
> State of the Art
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» ConsScale
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> Levels

» CQS

» Cognitive Profiling
> Instantiations
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» Experimentation
» Conclusions
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CADS

| =

ConsScale

O Evaluation of the cognitive development of
an agent using ConsScale.

_>

Problem
Domain
Definition

L10
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LY L&

Analysis of the
Architecture

Domain-specific
Cognitive Tests

Architectural
Components

v Vv

ConsScale

Cognitive l
Skills
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Level:
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Artificial Cognitive Abstract Architecture

Consciousness in

Systems

> Introduction O Abstract architectural components
> State of the Art (Wooldridge, 1999):

» CERA-CRANIUM

» ConsScale Jd B E, ‘:' AR, M i
5 Introduction Q Att, M, SsA, |, O, AR, AVR, R

> Levels
> CQS
> Cognitive Profiling E

> Instantiations B M
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> Experimentation S — A
» Conclusions
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Consciousness in o’ .
Artificial Cognitive COintIVG Skl”S (Csi,j

Systems Level (L) Cognitive Skills

2 €S, ;' Fixed reactive responses (“reflexes”).

3 CS; ;: Autonomous acquisition of new adaptive reactive responses.
> I t d t' CS; ,: Usage of proprioceptive sensing for embodied adaptive responses.
n ro u c I o n CS; 3.5: Selection of relevant sensory / motor / memory information.
CS; 6 Evaluation (positive or negative) of selected objects or events.
CS; ;: Selection of what needs to be stored in memory.
> State of th e Art 4 €S, ;: Trial and error learning. Re-evaluation of selected objects or events.
€s, ;: Directed behavior toward specific targets like following or escape.
€S, 3: Evaluation of the performance in the achievement of a single goal.

> C E RA C RAN I U M €S, 4: Basic planning capability: calculation of next n sequential actions.
- s, 5: Ability to build depictive representations of percepts for each available sensory modality .
5 CS; ;: Ability to move back and forth between multiple tasks.
CS; ,: Seeking of multiple goals.

> Conssca Ie CS; 5 Evaluation of the performance in the achievement of multiple goals.

CS; ;- Autonomous reinforcement learning (emotional learning).

. €S, 5: Advanced planning capability considering all active goals.
> |nt|'0duct|0n CS; 6 Ability to generate selected mental content with grounded meaning integrating different modalities into differentiated explicit percepts.
6 €S, - Self-status assessment (background emotions).
» I_eve | S €S ,: Background emotions cause effects in agent’s body.
€S, 3: Representation of the effect of emotions in organism and planning (feelings).
, CQS CSg,4: Ability to hold a precise and updated map of body schema.

€S 5: Abstract learning (learned lessons generalization).
e A CSg6: Ability to represent a flow of integrated percepts including self-status.
< Cog n |t|Ve P rOfI | I ng 7 €S, .3 Representation of the relation between self and perception / action / feelings.
. . €S, 4: Self-recognition capability.
r | nSta ntlatlonS €S, s: Advance planning including the self as an actor in the plans.

€S, ¢: Use of imaginational states in planning.

. . . €S, ;: Learning of tool usage.
> Artlfl CI a | Q u a | I a €S, g: Ability to represent and self-report mental content (continuous inner flow of percepts - inner imagery).

8 €S, ;2 Ability to model others as subjective selves.
. . €S, ,: Learning by imitation of a counterpart.

> E X p e rl m e n tat I O n €S, 3: Ability to collaborate with others in the pursuit of a common goal.
€S 4: Social planning (planning with socially aware plans).
€S, 5: Ability to make new tools.

L] CS;6: Inner imagery is enriched with mental content related to the model of others and the relation between the self and other selves.

> CO n Cl u S I O n S 9 €S, ;: Ability to develop Machiavellian strategies like lying and cunning.
€S, : Social learning (learning of new Machiavellian strategies).
€S, 3: Advanced communication skills (accurate report of mental content as basic inner speech).
€S, ,: Groups are able to develop a culture.
€S, 5 Ability to modify and adapt the environment to agent’s needs.

10 CS,4,1 Accurate verbal report. Advanced linguistic capabilities. Human-like inner speech.

CS,4,2: Ability to pass the Turing test.
CS,4,3: Groups are able to develop a civilization and advance culture and technology.

11 CS,;,4: Ability to manage several streams of consciousness.

Raul Arrabales Moreno (PhD Defense) 62



aoooan TP N ) . ) F
0oo0oa 17 UNIVERSIDAD CARLOS 111 DE MADRID A E L;)

Consciousness in o’ .
Artificial Cognitive COintlve SkIIIS (Csi,j

Systems Level (L) Cognitive Skills

2 €S, ;' Fixed reactive responses (“reflexes”).

3 CS; ;: Autonomous acquisition of new adaptive reactive responses.

> I t d t' CS; ,: Usage of proprioceptive sensing for embodied adaptive responses.
n ro u c I o n CS; 3. Selection of relevant sensory / motor / memory information.
> State Of th e AI l 4 learning. Re-evaluation of selected objects or events.
> C E RA C RAN I U M : Basil Iculation of next n sequential actions.
- ntations of percepts for each available sensory modality .

» ConsScale

> Introduction
> Levels 6

> CQS o CS, ;: Selection of relevant

» Cognitive Profiling

> Instantiations 5 sensory information.
> Artifi Ci a | Q u a | i a izj; ;bility to represent and self-report mental content {continuous inner flow of percepts - inner imagery).

8 €S, ;2 Ability to model others as subjective selves.
. . €S, ,: Learning by imitation of a counterpart.

> EXp e rl m e n tat I O n €S, 3: Ability to collaborate with others in the pursuit of a common goal.
€S 4: Social planning (planning with socially aware plans).
€S, 5: Ability to make new tools.

. CS;6: Inner imagery is enriched with mental content related to the model of others and the relation between the self and other selves.

> CO n Cl u S I O n S 9 €S, ;: Ability to develop Machiavellian strategies like lying and cunning.
€S, ;: Social learning (learning of new Machiavellian strategies).
€S, 3: Advanced communication skills (accurate report of mental content as basic inner speech).
€S, ,: Groups are able to develop a culture.
€S, 5: Ability to modify and adapt the environment to agent’s needs.

meaning integrating different modalities into differentiated explicit percepts.

10 CS,4,1 Accurate verbal report. Advanced linguistic capabilities. Human-like inner speech.
CS,4,2: Ability to pass the Turing test.
CS,4,3: Groups are able to develop a civilization and advance culture and technology.

11 CS,;,4: Ability to manage several streams of consciousness.
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Consciousness in o’ .
Artificial Cognitive COintlve SkIIIS (Csi,j

Systems Level (L) Cognitive Skills

2 €S, ;' Fixed reactive responses (“reflexes”).

3 CS; ;: Autonomous acquisition of new adaptive reactive responses.
> I t d t' CS; ,: Usage of proprioceptive sensing for embodied adaptive responses.
n ro u c I o n CS; 3.5: Selection of relevant sensory / motor / memory information.

CS; 6 Evaluation (positive or negative) of selected objects or events.
CS; ;: Selection of what needs to be stored in memory.

> State of th e Art 4 €S, ;: Trial and error learning. Re-evaluation of selected objects or events.
€s, ;: Directed behavior toward specific targets like following or escape.
€S, 3: Evaluation of the performance in the achievement of a single goal.

> C E RA C RAN I U M €S, 4: Basic planning capability: calculation of next n sequential actions.
- s, 5: Ability to build depictive representations of percepts for each available sensory modality .
5 CS; ;: Ability to move back and forth between multiple tasks.
CS; ,: Seeking of multiple goals.

> Conssca Ie CS; 5 Evaluation of the performance in the achievement of multiple goals.

CS; ;- Autonomous reinforcement learning (emotional learning).
> . €S, 5: Advanced planning capability considering all active goals.
|ntl'0d UCtIOl'I CS; 6 Ability to generate selected mental content with grounded meaning integrating different modalities into differentiated explicit percepts.
> Levels Csr
> CQs

» Cognitive Profiling

> Instantiations P

i n . €S, L

> Artlfl CI a | Q u a | I a €S, ¢: Ability To represent a tous inner flow of percepts - inner imagery).
I I €S, 5: Abilit ith others in th it of I

> EXp e rl m e n tat I O n CS:,j- S, p nning (plann‘ih:]lg mzthesroscligllyZvr\)l::seugljlaonsa)‘.common 82

CS,,:s: Ability to make new tools.
L] CS;6: Inner imagery is enriched with mental content related to the model of others and the relation between the self and other selves.
> CO n Cl u S I O n S 9 €S, ;: Ability to develop Machiavellian strategies like lying and cunning.
€S, ;: Social learning (learning of new Machiavellian strategies).
€S, 3: Advanced communication skills (accurate report of mental content as basic inner speech).
€S, ,: Groups are able to develop a culture.
€S, 5: Ability to modify and adapt the environment to agent’s needs.

10 CS,4,1 Accurate verbal report. Advanced linguistic capabilities. Human-like inner speech.
CS,4,2: Ability to pass the Turing test.
CS,4,3: Groups are able to develop a civilization and advance culture and technology.

11 CS,;,4: Ability to manage several streams of consciousness.
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Consciousness in
Artificial Cognitive
Systems

> Introduction
> State of the Art
> CERA-CRANIUM

» ConsScale

» Introduction

» Levels

» CQS

» Cognitive Profiling
» Instantiations

> Artificial Qualia
» Experimentation
» Conclusions

Raul Arrabales Moreno (PhD Defense)

Cognitive Skills

1 Cognitive skills associated with
CONScCIiousSness:

0 Theory of Mind (Vygotsky, 1980).
O Executive Function (Perner, 1999).

0 Modulating Function of Emotions
(Damasio, 1999).

O Learning Mechanisms.
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Artificial Cognitive Cognitive Skills

Consciousness in

Systems

> Introduction  Cognitive Hierarchy for the Theory
> State of the Art of Mind (Lewis, 2003):

» CERA-CRANIUM

» ConsScale

> Introduction
> Levels

> CQS “l know”
» Cognitive Profiling
> Instantiations

> Artificial Qualia “l know you know”
» Experimentation
» Conclusions

“l know | know”

“l know you know | know”
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Consciousness in

Systems

> Introduction  Cognitive Hierarchy of the
> State of the Art Executive Function:

» CERA-CRANIUM

» ConsScale
> Introduction

> Levels Perception
> CQS
> Cognitive Profiling Adaptation
> Instantiations
e : ti
> Artificial Qualia Attention
> Experimentation Set Shifting
» Conclusions Planning
Imagination
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Consciousness in

Artificial Cognitive Cognitive Skills

Systems

> Introduction  Cognitive Hierarchy of Emotions:
> State of the Art

» CERA-CRANIUM

» ConsScale
> Introduction

> Levels
> CQS Emotion
» Cognitive Profiling .
> Instantiations Feeling
> Artificial Qualia Conscious Feeling

» Experimentation
» Conclusions

Fake Emotions
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Consciousness in

Artificial Cognitive Cognitive Skills

Systems

> Introduction  Cognitive Hierarchy of Learning:
> State of the Art

» CERA-CRANIUM

» ConsScale

» Introduction

> Levels Trial and
» CQS Error
» Cognitive Profiling

L Reinforcement
> Instantiations

> Artificial Qualia Abstract
» Experimentation Tool Usage
» Conclusions Social

Raul Arrabales Moreno (PhD Defense) 69



Q. —AAsS

Consciousness in

Artificial Cognitive Cognitive Skills

Systems

> Introduction 4 Cognitive Hierarchy characterizes
> State of the Art as a poset (CSS, <).
» CERA-CRANIUM
> CZ’?:;E:;?:{E" CSg,1.6 < CS7,15 < CSg14 < C3g 1
: éea/gls Q CSg 46 (71know”) < CS; 45 (I know | know”)

Q CS;45(7Tknow I know”) < CSg 44 (I know you know”)
Q  CSg 44 (7T know you know”) < CSg 4, (“I know you know | know”)

» Cognitive Profiling
» Instantiations

> Artificial Qualia
» Experimentation

“I know”

» Conclusions 49 knnow 1 know”

“l know you know”

“l know you know | know”

Raul Arrabales Moreno (PhD Defense) 70



UNIVERSIDAD CARLOS I DE MADRID

©

Consciousness in
Artificial Cognitive
Systems
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> State of the Art
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» ConsScale

» Introduction

> Levels

» CQS

» Cognitive Profiling
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» Experimentation
» Conclusions
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Cognitive Skills
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Consciousness in

Artificial Cognitive Cognitive Skills

Systems

> Introduction
> State of the Art
> CERA-CRANIUM

» ConsScale

» Introduction

> Levels

» CQS

» Cognitive Profiling
> Instantiations

> Artificial Qualia
» Experimentation
» Conclusions
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> Introduction
> State of the Art
> CERA-CRANIUM

» ConsScale

» Introduction

> Levels

» CQS

» Cognitive Profiling
> Instantiations
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» Conclusions
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Cognitive Skills

CS, 4. Selt-recognition
capability.

cs, cs, CS,, cs, cs, cs, cs,,
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Consciousness in

Artificial Cognitive Habilidades Cognitivas

Systems

> Introduction
> State of the Art
> CERA-CRANIUM

» ConsScale

» Introduction

> Levels

» CQS

» Cognitive Profiling
> Instantiations

> Artificial Qualia
» Experimentation

CS¢4: Abilit to hold a precise

> Conclusions and updated map of body
schema.
cs, cs, CS,, cs, cs, cs, CS,,
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Consciousness in

Artificial Cognitive ConsScale Levels

Systems Super- C51y,
conscious
> Introduction Human-like CSa CS10 CS10s
> State of the Art
Social
> CERA-CRANIUM CSy, CSy, CSo3 CSy4 CS9,5
» ConsScale Empathic e (D) () () () (e
> Introduction '
> Levels Self- cs, cs,, cs, cs,, CS, . CS, 6 cs,, CS,q
> CQS conscious

> Cognitive Profiling Emotional

‘\; |nStantIatI0nS CSGAI CSG.Z CSG.3 CS6.4 CSB.S CSG.G
> Artificial Qualia Executive cD (6D @D () @D (.
» Experimentation
. Attentional
» Conclusions cs, ) (es,) (es) (osy) (s
Adaptive cs,. cs,, CS, 5 CS,., CS,6 CSs6 CSs;
Reactive CS,,
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Sl e 1 Level -1. Disembodied
Artificial Cognitive

Systems

5 ([ el e L Behavior: not a situated agent.

> State of the Art U Phylogeny: amino acid.

> CERA-CRANIUM
» ConsScale

> Introduction E ___________
> Levels B

» CQS
» Cognitive Profiling

____________

> Instantiations E ot L2
s . R ‘ L10 L3
> Artificial Qualia
> Experimentation = ﬂw I L L4
» Conclusions P J
. I'l r.'l, LE LS
e L7 L&
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Consciousness in Leve| O Isolated
Artificial Cognitive '

Systems

5 ([ el e L Behavior: not a situated agent.
> State of the Art O Phylogeny: isolated chromosome.

> CERA-CRANIUM
» ConsScale

> Introduction E
> Levels B

» CQS
» Cognitive Profiling

> Instantiations = e L=
P . L10 L3
> Artificial Qualia | 0
» Experimentation L9 L4
» Conclusions
| L& L5
r.'l.
i TR L7 L&
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Consciousness in L evel 1. Pre-Functional
Artificial Cognitive

Systems

5 ([ el e U Behavior: not a situated.agent.
> State of the Art U Phylogeny: dead bacteria.

> CERA-CRANIUM
» ConsScale E

| |
> Introduction B
> Levels S A
L

» CQS
» Cognitive Profiling

2

' =i

> Instantiations

> Artificial Qualia L L10 L3

> Experimentation m s L4
» Conclusions |

| L8 L5
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Consciousness in Leve| 2 Reactive
Artificial Cognitive '

Systems
> Introduction d Behavior: reflexes.

> State of the Art O Phylogeny: virus.

> CERA-CRANIUM
» ConsScale

> Introduction ‘ B ‘
> Levels S — @ — A
> CQS
> Cognitive Profiling | |
L

> Instantiations v

2

> Artificial Qualia 2 | ‘ L10 B
» Experimentation ” e e [ . .
» Conclusions J
F LB L5
ol
A L7 L6
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Consciousness in .
Artificial Cognitive Level 3 Adaptlve

Systems

T O Behavior: learning of new reflexes.
> State of the Art O Phylogeny: earthworm.

» CERA-CRANIUM
» ConsScale E

» Introduction ‘ B M ‘
> Levels S R

— —
» CQS A

> Cognitive Profiling |

> Instantiations

" . o x AT LE
> Artificial Qualia IE | ‘ » .
» Experimentation T
> C o e | - [ L9 L4
onclusions \jw ..’.
& G'} .'I,_: L& LS
L *—o L7 L
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Sl e 1 Level 4. Atenttional
Artificial Cognitive

Systems

O Behavior: Attack and escape. Attention +
emotion.

O Phylogeny: fish.

» Introduction

> State of the Art
» CERA-CRANIUM
» ConsScale E

» Introduction ‘ B M
> Levels S _ R —_— A
» CQS
» Cognitive Profiling | VU
» Instantiations
N,

> Artificial Qualia ., - E.

> Experimentation . 4 \ | L10 3
> Conclusions - @ ,_,[ P b 4
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Consciousness in .
Artificial Cognitive Level 5. Executive

Systems

O Behavior: Set shifting. Emotional learning.
O Phylogeny: quadruped mammal.

> Introduction
> State of the Art
> CERA-CRANIUM

» ConsScale
» Introduction
> Levels
> CQS
» Cognitive Profiling

> Instantiations

> Artificial Qualia
» Experimentation
» Conclusions
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Consciousness in Level 6. Emotional
Artificial Cognitive '

Systems

0 Behavior: modulated by feelings. “I know”.
O Phylogeny: monkey.

> Introduction
> State of the Art
> CERA-CRANIUM

> ConsScale E ‘ O _I ‘
» Introduction B m
> Levels
s—(R/—A
» Cognitive Profiling | \ ﬁQ |

» Instantiations v% %
"z

> Artificial Qualia E
> Experimentation N
» Conclusions

L10
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Consciousness in | evel 7. Self-conscious
Artificial Cognitive

Systems

0 Behavior: advanced planning. Tools usage.
‘I know | know”.

U Phylogeny: monkey.

> Introduction
> State of the Art
> CERA-CRANIUM

» ConsScale E _I
> Introduction ‘ B “I” m ‘
S—(R—A

> Cognitive Profiling | \ ﬁQ

> Instantiations

> Artificial Qualia
» Experimentation
» Conclusions

i L10

L8
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Consciousness in Leve| 8 Em path iC
Artificial Cognitive '

Systems

0 Behavior: making of tools and social.

> Introduction “I kKnow you Know”.

> State of the Art
> CERA-CRANIUM

» ConsScale
» Introduction
> Levels
> CQS
» Cognitive Profiling

O Phylogeny: chimpanzee.

> Instantiations

> Artificial Qualia
» Experimentation
» Conclusions
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Consciousness in .
Artificial Cognitive Level 9. Social

Systems

O Behavior: linguistic capabilities. Culture.
“I know you know | know”.

O Phylogeny: human.

» Introduction

> State of the Art
» CERA-CRANIUM
» ConsScale

> Introduction E ‘ B\ '
DT

> Levels
» CQS S

—_
» Cognitive Profiling

> Instantiations “others” | \
> Artificial Qualia ? Ny
> Experimentation o8 E |

» Conclusions

L7 L&
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Consciousness in
Artificial Cognitive
Systems

> Introduction
> State of the Art
> CERA-CRANIUM

» ConsScale

» Introduction

> Levels

» CQS

» Cognitive Profiling
» Instantiations

> Artificial Qualia
» Experimentation
» Conclusions

Raul Arrabales Moreno (PhD Defense)

Level 10. Human-like

O Behavior: accurate verbal report. Technology.
Adapted environment.

O Phylogeny: human.
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Level 11. Super-conscious

J Behavior: several coordinated threads of
consciousness.

O Phylogeny: n/a.
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CQS Quantitative Score

L,

|
Score for each i level.

d CLS

Cumulative score.

dCQS

ConsScale Quantitative Score.
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> CERA-CRANIUM L ’ L2 ) L2
L10 L3 L0 L3 L10 L3
» ConsScale
> Introduction Lg L4 Lo L4 Lo L4
> Levels
> CQS L& L& LB LS L& L&
> Cognitive Profiling : - : - . 3
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> Artificial Qualia
> Experimentation Agent L3 Agent L3+ Agent L4
> Conclusions Level: 3 — Adaptive Level: 3 — Adaptive Level: 4 — Attentional
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Analysis of the
Architecture

——>

Problem
Domain
Definition

Domain-specific
Cognitive Tests

ConsScale Instantiation

Architectural

Components
_|ConsScale
Cognitive l
Skills

N Instantiation
CSi,j - BPi,j

Level of Cognitive
Development

Generic Cognitive Skills (CS;;) > Domain-specific (DCS;))

Domain-specific CS - Behavior Profiles (BP;))

Behavior Profiles > Behavioral Tests
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ConsScale FPS

First-Person Shooter Video Game Bots

DCS; ;: Ability to ignore sensory input not critical to
current task.

BP; ;. Bot ignores detected ammo reloading kits when
involved in a firefight and no more ammo is needed.
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ConsScale Calculator

#4 Calculator Generic Calculator

ConsScale Generic Calculator

Architectural Level ConsScale Leve/
(5) Executive | (3) Adaptive ‘
C0IS exponential curve graph: Cogritive Profle O Bar @ HBar
| L1
< 3 ) ‘ L1
TR L
3 L7 .
=} L&
Q*}jﬂ; , K |
" L] Lo
aE: 0 0 ]
i || 2
i e i 0 02 04 06 OB 1
O Lne O radar O Meter
CLS (0 - 1.55) CQS (0 - 1000) (?)
1.27086319 2.94
Remarks
Potential arch, level: 5 I Level 3 ] I Reset ] I Report ]

ConsScaje Calculator. Radl Arrabales
Version 3.0 - Nov. 2010

Level 4. Attentional - L, = 0.421875

] Check/Uncheck All

CS,, , Trial and error learning. Re-evaluation of selected objects or

" events,

CS,, ,, Directed behaviour toward specific targets like following or

escape.

CS,, ; Evaluation of the performance in the achievement of a

™ single goal.

1 C8,, , Basic planning capability: calculation of next n sequential

2

actions.

[] €5, 5 Depictive representations of percepts.
T

Level 5. Executive - L; = 0.125

[ Check/Uncheck All

Ci-">511 Ability to move back and forth between multiple tasks.
CS,, , Seeking of multiple goals.

O CSS,S Evaluation of the performance in the achievement of

multiple goals.

[ €8, 4 Autonomous reinforcement learning (emotional learning).

] C55,5 Advanced planning capability considering all active goals.

O C55,6 Ability to generate selected mental content with grounded

meaning.
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Hypotheses about qualia

U They are processes that are present in
relation with cognitive abilities.

O They have associated functionality.

J Qualia are the ultimate result of the
perception process.
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> Artificial Qualia Introspective perceptual ,’
> Introduction representation /!
» Approach
> Proposed model Stage 1 Perceptual Content
> Application Reco\:1\/s(::lljjction
: : Perceptual xteroceptive Proprioceptive
> Experimentation representation of Detection || Detection
» Conclusions content / \
Sensory Data Sensors Somatosensory
(stimuli) System

(sensors position)
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Proposed model

Stage 3
| report | see a moving dot MO::'?;‘S”/ Meta-Management
(“movement”) P

Stage 2

v
What is it like to see a _ ! | Meta-Representation
. Introspection ).
moving dot i
. v’
— Perceptual Content
Stage 1 World
. Reconstruction . . .
Moving dot xteroceptive Proprioceptive
. Detection || Detection
Sensory Data Sensores Visuales Sistema
(left dot — ISI — right dot — ISI) (estimulo: punto  Somatosensorial
blanco) (posicion de los

R o
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Domains of Experimentation

J Application of CERA-CRANIUM to the
control of autonomous agents.

4 Application of CERA-CRANIUM to synthetic
phenomenology.

O Application of ConsScale to the evaluation
of machine consciousness models and
Implementations.
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Domains of Experimentation

4 Application of CERA-CRANIUM to the
control of autonomous agents.

0 CERA-CRANIUM Explorer
(CC-Explorer) > Exploration task.

0 CERA-CRANIUM Chaser
(CC-Chaser) - Chasing task.

0 CERA-CRANIUM Bot
(CC-Bot) - FPS playing task.
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CERA-CRANIUM Explorer

O Autonomous exploration (no SLAM).
0 Using both simulated and real P-3DX robots.

'z ExplorerSimSonar (Running) - Microsoft Visual Studio

o3

54

FacaDetecton:.  LebHand  AphiHons:  Object
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O Use of frontal sonar ring for mapping.

> Introduction
> State of the Art T4 CRANIUM Dashboard - www, Conscious-Robots. cor ks

Tools  Help

» CERA-CRANIUM s

SOMAS Qrboerd Camera

¢ Dandce ! T-ID_.s;;nnsd D0 CONDN4EET44 Canrad
¢ . : [
» ConsScale e i
z 0 ] g2:d001 e
= gm . . 3 o . :
> Artificial Qualia o /& e
[+ i
Jzpmuls) S i el 55150
> Experimentation i o
g EI SRy I.'smulﬂe;uush:n'v‘-'ﬁe-ﬁel|:b:-2-1r 871463
. e rulteszanani=040044 cath-
» Introduction wl [
|aser Banpa Finder Simuletan - Porsui Gamara 5GP Fosiica
> CC-Eprorer i .Dm”"*“..] LEA [ itz vter=al Ll % -2E
» CC-Chaser =

i 0o

» CC-Bot
> CC-Observer
> ConsScale

» Conclusions

Aagle: T3.477159E7R4 1BL2
TmeSfamp. 18733553
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CERA-CRANIUM Explorer

 CC-Explorer implementations

O CCE-1: physical layer only (obstacle
avoidance reflex).

1 CCE-2: Attention focus toward areas
free of obstacles.

O CCE-3: Attention focus toward
unexplored areas.
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v , v , contextual CJ-index
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1 1 ! L
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Physical Layer/ | Mission Layer | Core Layer Status
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Context
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i) Calculation of
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CERA-CRANIUM Chaser

O Simple pursuing task.
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CERA-CRANIUM Chaser

O Additional parameter for context formation:

Q ¢ (time), j (relative position),
O c (color), m (movement).

Sensor

Readings Simple Percepts

0 oo Preprocessor

Movement
Detector

Sensor %ARO => >ensor ':{>‘3:1’{:§§:§
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CERA-CRANIUM Chaser

Multimodal Sensory Fusion

Simple Percepts

SONAR \ \

S0: 1917 \
S1: 4000 -45°‘\

f I 45°

S2- 4000 Simple Pe'r.cept
(7 / i 532887
\'\\{// "/ 54: 2493

| : S5: 4000

N "'-.:. £ - S6: 4000
'__”::"4' S7:3083
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CERA-CRANIUM Bot

J Environment

O Unreal
Tournament 2004

O Pogamut

d Implementations

1 CC-Bot1:
U Qualification trials at 2K BotPrize 20009.

1 CC-Bot2:
O Winner of the 2K BotPrize 2010.
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CERA-CRANIUM Bot

Mission Percepts

S(ZQ;O;; => Simple Percepts =~ =>> Mission Percepts
Proprioception '
............. (game) B3\ %
........... T Imer {E
(game)

Attack

Detector

“l am being damaged”
+

“| see an enemy” => “Enemy attacking”
+

“Enemy is approaching”
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CERA-CRANIUM Bot

BotPrize — Turing Test Adapted to FPS game

Artificial Bots

Unreal Tournament deathmatch game
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2K BotPrize 2010 Results

35,00% 31,81%

30,00% o 27,27%

o> 23,33%

N N
o o
o o
S g
S S

NN NN NN

am, 17,77%
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Humannes Ratio
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CERA-CRANIUM Observer

Synthetic Phenomenology

1 Specification of the content of conscious

experience.

O Minimal implementation CERA-CRANIUM.

ROBOT CERA-CRANIUM
Sensor Physical Layer il
[_Sensors =X gonvices
Mission Layer
Motor
Services
CERA
Viewer

g | CRANIUM :?
. | Service @ SWsS |
U

Simple
Percepts

_____ ]

----- Commands %

-X Complex
. Percepts
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O S1: Static white object resting on a dark background.
U S2: White object moving along a linear trajectory.
O S3: Two white stationary blinking dots.
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Agent evaluation using
ConsScale

Eliza. Conversational agent (\Weizembaun, 1966).

CC-Bot1. Adaptive agent fot UT2004 (Arrabales,
2009).

MAFI. Minimal Architecture for Functional Imagination
in CRONOS (Marques, 2009).

LIDA. Cognitive architecture based on the GWT
(Franklin, 2007).

Haikonen. Haikonen cognitive architecture
(Haikonen, 2007).
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> Introduction

> State of the Art O Several cognitive functions associated with
> CERA-CRANIUM consciousness have been identified and

> ConsScale integrated in an artificial architecture.

> Artificial Qualia
» Experimentation

» Conclusions
» Conclusions .
> Future Work O A practical framework for the assessment of the

> Publications level of consciousness of artificial agents has
been proposed.

(d Consciousness has been characterized as an
integrative “super-function”.
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Conclusions

d CERA-CRANIUM application to:

O Simple tasks (autonomous exploration and
target following).

O Human-like video game bots (2K BotPrize).
O Synthetic phenomenology.

[ ConsScale application to:

O Assessment and comparison of models and
implementations designed for different
domains.
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Conclusions

0 We don’t know yet what phenomenal states
exactly are, however:

O Artificial Qualia can contribute to the
understanding of human consciousness.

O Qualia have been functionally characterized
proposing a model of consciousness as an
integrator and self-regulating function.

O The heterophenomenology approach has been
put in practice.

O Itis possible to characterize and measure the
level of consciousness of artificial agents.
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Future Work

U CERA-CRANIUM mechanisms:
v Attention
v' Global Access
v' Preconscious Management
v' Contextualization
v Self-Regulation
O Self-state Assessment
O Sensorimotor Prediction
O Long Term Memory Management
O Learning Mechanisms
O Verbal Mental State Report
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Future Work

To enhance the experimentation in synthetic
phenomenology with more complex stimuli and
better representation mechanisms.

To improve the believability of CC-Bot.

To refine the definition of ConsScale and to use
it in other problem domains.

To use ConsScale as a roadmap.
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