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ABSTRACT

In this paper we discuss work in progress and our approach to
next generation robotics. The use of cognitive architectures can
overcome some of the challenges encountered when Artificial In-
telligence (AI) algorithms are introduced to robotic systems. New
cognitive functionality is required to that end. We discuss system
requirements that are currently not sufficiently addressed, and
present our current work.
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1 INTRODUCTION

Although impressive, current robotic systems are good at perform-
ing relatively limited, repetitive, and well-defined tasks under spe-
cific conditions, however, anything beyond that requires human
supervision. At the moment, it is not quite possible to deploy robots
in new environments, broaden the scope of their operation, and
allow them perform diverse tasks autonomously, as systems are
not versatile, safe, nor reliable enough for that. Pre-programmed
and pre-configured robots lack the ability to adapt, learn new tasks,
and adjust to new domains, conditions, and missions [21].
Artificial Intelligence (AI) has progressed tremendously espe-
cially during the past decade, yet Al has only barely been incor-
porated in robotics, and the progress in robotics lags significantly.
Currently Al is extremely data-hungry, and robots are expensive
to run. Also robots have bodies that can do a lot of harm if they
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should malfunction, hence giving them more freedom to act in-
dependently cannot happen unless they are able to perform well,
predictably and reliably. Robot applications in our close everyday
environment require them to become autonomous systems with
situational awareness, able to perform complex tasks in a real en-
vironment, in proximity of humans, interact and collaborate with
humans effectively and safely, and be trained directly by humans.
This is not an incremental change. A lot of Al methods and tools
have matured and are available to build upon, yet the technology
for this transformation is not yet available. It requires a major par-
adigm shift from current specialized and pre-configured robots —
to Al-enabled human-centic collaborative robots.

Cognitive robotics is a multidisciplinary research field that has
gained increased interest recently as it has become apparent that
an advanced system architecture is a prerequisite for progressing
from specialized "caged" systems to real-life autonomous systems
[5]. In this article we present work in progress, and our approach
to Al-enabled next-generation robotics. Our approach builds on the
hypotheses [22] that a cognitive architecture is required in order
to develop robots that are intelligent enough to be deployed in
real-life systems in the vicinity of humans, and that to that end we
need to encompasses some of the processes of the right hemisphere
of the human brain - such as situational awareness and holistic
perception, holistic evaluation, intuition, imagination, and moral
reasoning. We elaborate on these in this short paper.

2 AI-ENABLED ROBOTICS

Robots are very productive, yet a lot of what is simple for humans to
perform is extremely complex and currently impossible for robots.
For example, robots are unable to successfully transfer knowledge
between similar but distinct tasks (e.g. apply knowledge from play-
ing squash to learn playing tennis). Al-enabled robots currently
cannot manage to learn new skills without forgetting old skills,
termed “catastrophic forgetting” [12]. The human brain is the most
advanced system we know of. It comprises two interconnected
hemispheres — the left and the right — that have distinct functions
and operate in different ways. The left hemisphere stands for linear
thinking, detail-oriented perception, facts processing, computations,
language processing, planning, logic. The right hemisphere stands
for holistic perception, intuitive learning, ambiguity handling, imag-
ination, creativity, emotional and moral cognition, holistic thinking
and decision making. The ability of humans to abstract, concep-
tualise, adapt, learn new skills, and be as ingenious and efficient
problem-solvers as we are in a real environment, relies on engaging
both brain hemispheres.
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Cognition encompasses the mental functions by which knowl-
edge is acquired, retained, and used [10], mainly: perception, atten-
tion, memory, learning, language, thought, emotion [2]. In humans,
it encompasses processes such as comprehension, judgment and
evaluation, reasoning and computation, problem solving and deci-
sion making, and production of language. In order to realize such
functionality in artificial systems, one needs to define an archi-
tecture that describes and governs these processes. Such system
architectures are inspired by human cognition. They comprise the
necessary modules for taking care of individual processes at many
levels, and for overall system operation, as well as define the way
information flow takes place for knowledge acquisition, reasoning,
decision making, and detailed task execution. Current models of hu-
man cognition are computational in nature and represent primarily
the functions of the left hemisphere. The operation and processes
of the right hemisphere are less understood, and they are by and
large not included in the models of human cognition.

Several cognitive architectures can be considered for artificial
cognition, some of these model human cognition, others are built
specifically for artificial agents [1]. Among the most commonly used
are: ACT-R [3], SOAR [13], LIDA (Learning Intelligent Distribution
Agent) [8], KnowRob 2.0 [4], Icarus [14], Clarion [18]. Artificial cog-
nition builds on models of human cognition, and hence lacks most
of the functionality of the right hemisphere that arguably makes
it possible for us to perform and learn as flexibly and effectively
as they do. Ideally, a cognitive robot shall be able to abstract goals
and tasks, combine and manipulate concepts, synthesize, make new
plans, learn new behaviour, and execute complex tasks - abilities
that at the moment only humans acquire, and lie in the core of
human intelligence. Cognitive robots shall be able to interact safely
and meaningfully and collaborate effectively with humans.

Our approach to Al-enabled robotics is to incorporate some of
the cognitive functions of the human brain that current artificial
cognition models have neglected - such as curiosity, creativity,
moral evaluation and reasoning, and intuitive learning.

3 COGNITION-ENABLED ROBOTICS

Narrow-scope cognitive functionality has been implemented in
robotic systems to enable their operation. Current systems incor-
porate relatively simple processes, mostly related with behavioral
elements closest to the sensory input at the base of the cognition
pyramid [19], whereas more advanced and complex cognitive pro-
cesses are to a limited degree realised. Perception provides agents
with relevant information from their environment. Beyond simple
object recognition, advanced perception attempts to analyze the
whole scene and reason on the content of the scene [15]. Scene un-
derstanding has been used for knowledge acquisition in ambiguous
situations [9]. Semantic scene understanding, holistic perception,
and situational awareness are only to a very basic extent realised
thus far, merely at a proof-of-concept level. Despite the huge ad-
vances in speech analysis, translation, and synthesis, Language
is currently merely incorporated as an input/ output interface in
robotic systems, and is hardly included in any of the artificial cog-
nitive processes [6]. Learning is a core cognitive function [16]. In
current systems, it is closely woven with sensory-motor inputs and
outputs, data processing, and perception, hence limited to the lower
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Table 1: Functions of the Left and the Right hemisphere of
the human brain

Left hemisphere Right hemisphere

linear thinking analog holistic thinking

computations holistic perception
order intuition

sequencing imagination

logic creativity
mathematics arts

reading rhythm

writing feelings visualization
verbal emotional evaluation

thinking in words non-verbal cues

layers of the cognition. The pinnacle of cognition is Thought, rea-
soning, planning, decision making. A holistic approach to thinking
with human-like cognitive reasoning and decision making pro-
cesses, is far from realised, and thought processes are relatively
basic at the moment.

Emotion has only recently been recognized as a part of cognition
in humans [20] as it has previously been considered as innately
hardwired into our brains. Emotions are not incorporated in the
thought process in any of the architectures or implementations,
whereas in humans they often play a central role in decision mak-
ing. A fair amount of work has been done on moral reasoning
and logic [7] however, moral reasoning and evaluation is not yet
incorporated in artificial cognition, neither is it an integral part
of a holistic decision process. Although ethics and moral values
may not be considered as part of cognition directly, in fact they
play an important role in human decision making, govern human
behavior, and in our opinion will be instrumental for developing
responsible robots. Another relatively neglected area is artificial cu-
riosity and imagination. This ability is critical for robots operating
autonomously in unknown environments, and will allow them to
effectively solve tasks even when their knowledge is not complete,
and there is no human to provide the necessary information [17].
Finally, Intuition is the ability to understand or know something
without needing to use reasoning. The mechanisms behind human
intuition are not quite understood, however, it is evident that it is
employed in knowledge transfer for learning new skills, as well as
in decision making under ambiguous situations or when knowledge
is highly incomplete [11]. A degree of intuition could guide new-
task learning in artificial systems and lead to efficient knowledge
transfer mechanisms.

4 SUMMARY

In this short paper we present our approach to next generation
Al-enabled robotics and intelligent systems. The validity of our
approach remains to be demonstrated. Artificial cognitive systems
are emerging, and currently at a rather early stage of development.
In our opinion, they are a cornerstone for unlocking the potential of
robots and artificial intelligence, and enabling their use in real-life
human-centric applications.



Artificial cognitive functions towards Al-enabled collaborative robots

REFERENCES

(1]
(2]
(3]

2022. Bica*Al http://bica.ai/

John Robert Anderson. 2009. The architecture of cognition. Psychology press.

J. R. Anderson, D. Bothell, M. D. Byrne, S. Douglass, C. Lebiere, and Y. Qin. 2004.
An integrated theory of the mind. Psychol Rev 111, 4 (Oct 2004), 1036-1060.
Michael Beetz, Daniel Befler, Andrei Haidu, Mihai Pomarlan, Asil Kaan
Bozcuoglu, and Georg Bartels. 2018. Know Rob 2.0 — A 2nd Generation
Knowledge Processing Framework for Cognition-Enabled Robotic Agents. In
2018 IEEE International Conference on Robotics and Automation (ICRA). 512-519.
https://doi.org/10.1109/ICRA.2018.8460964

Nicholas L. Cassimatis, Paul Bello, and Pat Langley. 2008. Ability, Breadth, and
Parsimony in Computational Models of Higher-Order Cognition. Cognitive
Science 32, 8 (2008), 1304-1322.  https://doi.org/10.1080/03640210802455175
arXiv:https://onlinelibrary.wiley.com/doi/pdf/10.1080/03640210802455175

Chad DeChant and Daniel Bauer. 2022. Toward robots that learn to summarize
their actions in natural language: a set of tasks. In Proceedings of the 5th Conference
on Robot Learning (Proceedings of Machine Learning Research, Vol. 164), Aleksandra
Faust, David Hsu, and Gerhard Neumann (Eds.). PMLR, 1807-1813. https://
proceedings.mlr.press/v164/dechant22a.html

Louise Dennis, Michael Fisher, Marija Slavkovik, and Matt Webster. 2016. Formal
verification of ethical choices in autonomous systems. Robotics and Autonomous
Systems 77 (2016), 1-14. https://doi.org/10.1016/j.robot.2015.11.012

Stan Franklin, Tamas Madl, Sidney D’Mello, and Javier Snaider. 2014. LIDA:
A Systems-level Architecture for Cognition, Emotion, and Learning. IEEE
Transactions on Autonomous Mental Development 6, 1 (2014), 19-41.  https:
//doi.org/10.1016/j.bica.2016.04.003

Matthew Johnson-Roberson, Jeannette Bohg, Gabriel Skantze, Joakim Gustafson,
Rolf Carlson, Babak Rasolzadeh, and Danica Kragic. 2011. Enhanced visual
scene understanding through human-robot dialog. In 2011 IEEE/RS] International
Conference on Intelligent Robots and Systems. 3342-3348. https://doi.org/10.1109/
TROS.2011.6094596

[10] John F Kihlstrom. 2016. Unconscious cognition.

[11]

Geir Kirkebgen and Gro HH Nordbye. 2017. Intuitive choices lead to intensi-
fied positive emotions: An overlooked reason for “intuition bias”? Frontiers in
Psychology 8 (2017), 1942.

16

(12]

(13]

(14

[15

[16

(17]

[18

[19

[20

[21]

[22]

PETRA ’23, July 05-07, 2023, Corfu, Greece

James Kirkpatrick, Razvan Pascanu, Neil Rabinowitz, Joel Veness, Guillaume
Desjardins, Andrei A Rusu, Kieran Milan, John Quan, Tiago Ramalho, Agnieszka
Grabska-Barwinska, et al. 2017. Overcoming catastrophic forgetting in neural
networks. Proceedings of the national academy of sciences 114, 13 (2017), 3521—
3526.

JohnE. Laird, Allen Newell, and Paul S. Rosenbloom. 1987. SOAR: An Architecture
for General Intelligence. Artif. Intell. 33, 1 (1987), 1-64. https://doi.org/10.1016/
0004-3702(87)90050-6

Pat Langley and Dongkyu Choi. 2006. A unified cognitive architecture for physical
agents. In Proceedings of the National Conference on Artificial Intelligence, Vol. 21.
Menlo Park, CA; Cambridge, MA; London; AAAI Press; MIT Press; 1999, 1469.
Dimitris Metaxas and Zachary Daniels. 2019. Image Processing Neural Network
Systems and Methods with Scene Understanding.

Xue Bin Peng, Marcin Andrychowicz, Wojciech Zaremba, and Pieter Abbeel.
2018. Sim-to-Real Transfer of Robotic Control with Dynamics Randomization. In
2018 IEEE International Conference on Robotics and Automation (ICRA). 3803-3810.
https://doi.org/10.1109/ICRA.2018.8460528

Jirgen Schmidhuber. 2006. Developmental robotics, optimal artifi-
cial curiosity, creativity, music, and the fine arts. Connection Sci-
ence 18, 2 (2006), 173-187. https://doi.org/10.1080/09540090600768658
arXiv:https://doi.org/10.1080/09540090600768658

Ron Sun. 2017. 6 The CLARION Cognitive Architecture: Toward the Mind. The
Oxford handbook of cognitive science (2017), 117.

P. Taylor, J. N. Hobbs, J. Burroni, and H. T. Siegelmann. 2015. The global landscape
of cognition: hierarchical aggregation as an organizational principle of human
cortical networks and functions. Scientific Reports 5, 1 (16 Dec 2015), 18112.
https://doi.org/10.1038/srep18112

Paul Thagard. 2008. Hot thought: Mechanisms and applications of emotional
cognition. MIT press.

Astrid Weiss, Ann-Kathrin Wortmeier, and Bettina Kubicek. 2021. Cobots in
industry 4.0: A roadmap for future practice studies on human-robot collaboration.
IEEE Transactions on Human-Machine Systems 51, 4 (2021), 335-345.

Evi Zouganeli and Athanasios Lentzas. 2022. Cognitive Robotics - Towards
the Development of Next-Generation Robotics and Intelligent Systems. In Nordic
Artificial Intelligence Research and Development, Evi Zouganeli, Anis Yazidi, Gus-
tavo Mello, and Pedro Lind (Eds.). Springer International Publishing, Cham,
16-25.


http://bica.ai/
https://doi.org/10.1109/ICRA.2018.8460964
https://doi.org/10.1080/03640210802455175
https://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1080/03640210802455175
https://proceedings.mlr.press/v164/dechant22a.html
https://proceedings.mlr.press/v164/dechant22a.html
https://doi.org/10.1016/j.robot.2015.11.012
https://doi.org/10.1016/j.bica.2016.04.003
https://doi.org/10.1016/j.bica.2016.04.003
https://doi.org/10.1109/IROS.2011.6094596
https://doi.org/10.1109/IROS.2011.6094596
https://doi.org/10.1016/0004-3702(87)90050-6
https://doi.org/10.1016/0004-3702(87)90050-6
https://doi.org/10.1109/ICRA.2018.8460528
https://doi.org/10.1080/09540090600768658
https://arxiv.org/abs/https://doi.org/10.1080/09540090600768658
https://doi.org/10.1038/srep18112

	Abstract
	1 Introduction
	2 AI-enabled robotics
	3 Cognition-Enabled Robotics
	4 Summary
	References

