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Abstract— In the near future, collaborative robots are expected to be useful in unstructured scenarios and a large
variety of tasks. These robots shall collaborate with humans,
overcoming uncertainty and safety constraints during the execution of industrial robotic tasks. Hence, reliable collaborative
robots must be capable of reasoning about their collaboration’s
specifications (e.g. safety), and also the adaptation of their
plans due to unexpected situations. A common approach to
reasoning is to represent the domain knowledge using logicbased formalisms, such as ontologies. Nevertheless, there is not
an established formalization of notions such as collaboration
or adaptation yet. In this article, we introduce an Ontology
for Collaborative Robotics and Adaptation (OCRA), which
includes two main notions: collaboration, and plan adaptation.
We analyzed several works in the literature to ensure that our
definitions were inclusive and covered the different perspectives.
OCRA assures a trusty human-robot collaboration, since robots
can model and reason about their collaborations and plan’s
adaptations in collaborative robotic scenarios. Furthermore,
our ontology might improve the reusability of the domain’s
terminology, letting robots represent their knowledge about
several collaborative and adaptive situations.

I. INTRODUCTION
During the last years, the industrial sector has shown a
growing interest in more flexible manufacturing processes
where humans and robots are expected to work together.
For that purpose, collaborative robots, or co-bots, are robots
specifically designed for direct interaction with humans
within a collaborative workspace [1]. Developing industrial
processes where robots and humans truly collaborate, raises
several matters such as how to cope with uncertainty and
safety. Hence, collaborative robots shall be capable of,
among others, reasoning about their tasks’ requirements (e.g.
safety, performance, etc.), the changes in their environment,
and the plan’s adaptations due to those changes.
The use of industrial collaborative robots has lately become a prolific research domain [2], [3], [4]. Indeed, some
works have approached safety in collaborative robotic scenarios [5], [6], [7]. Meanwhile, others have developed adaptive
robotic solutions for industrial applications [8], [9], [10].
The large list of interesting works also comes with some
drawbacks. The lack of agreement about the meaning of
concepts such as collaboration and adaptation has hindered a
coherent development of methodologies and techniques. This
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Fig. 1: Collaboratively filling a tray, an example of industrial
task. After having detected an imminent contact, the robot
has stopped and remains in admittance mode while the
human physically interacts with it.
has already shown to be an issue in safety applications, where
the use of ambiguous terminology to assess risks might lead
to confusion and potentially mistaken implementations [5].
Knowledge representation formalisms such as ontologies,
are useful approaches to harmonizing terminology and allowing its reusability. Indeed, the use of ontologies is becoming
more usual in the industrial domain, probably due to the
modular and reusable nature of this formalism [11], [12],
[13]. The 1872–2015 IEEE Standard Ontologies for Robotics
and Automation [14] presented a core ontology for robotics
and automation, which is currently being extended to other
robotics’ sub-domains [15]. Furthermore, ontologies have
been widely used for autonomous robotics during the last
years [16], and we can even find some initial steps towards
ontologies for collaborative robotics [17]. Nevertheless, in
none of these works can we find a thorough study and
formalization of the notions we want to define: collaboration
and adaptation.
In this work, we introduce the Ontology for Collaborative Robotics and Adaptation (OCRA). An ontology that
formalizes the domain knowledge in collaborative scenarios
where robots adapt their plans’ executions to the unexpected
changes in the environment. OCRA allows to model, and
reason about both human-robot collaboration and robot plan
adaptation. We studied other definitions before implementing
our ontology, thus, we could capture the general use of the
domain terminology in the state-of-the-art. OCRA might be
of use to reason about the knowledge involved in collaborative tasks such as the one shown in Fig. 1.
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TABLE I: Set of main aspects related to ‘Collaboration’
extracted from the literature. ‘Formal’ shows whether the
literature definition was formalized or not. ‘Goal’, ‘Plan’ and
‘Interaction/Execution’ columns indicate whether the notion
of each aspect was captured or not by the definition. *Implicit
in the definition.
II. OCRA - ONTOLOGY FOR COLLABORATIVE
ROBOTICS AND ADAPTATION
A. Scope, goal and competency questions
In order to develop OCRA, we followed a top-down
approach, building it upon other higher level ontologies.
Specifically, we created an ontology that was compliant
with the most widely used knowledge-based framework for
robots, Knowrob [24], [25]. Hence, we inherited the use
of its upper ontology, the DOLCE+DnS Ultralite (DUL)
foundational ontology[26].
OCRA was designed to formalize the domain knowledge
in collaborative robotics, with special attention to collaboration and robot plan’s adaptations. OCRA was specifically
designed to be able to answer the following questions:
•

Ontology coverage questions:
C1 - What is a collaboration?
C2 - What is a plan adaptation?

•

Competency questions:
Q1 - Which and how many collaborations are
running now?
Q2 - Which is the plan of a collaboration?
Q3 - Which is the goal of a collaborative plan?
Q4 - Are these agents collaborating?
Q5 - Where is a collaboration happening?
Q6 - How is a collaboration classified (e.g. nonphysical)?
Q7 - Which is the risk of a collaboration?
Q8 - Which and how many plan’s adaptations are
running now?
Q9 - Which is/are the agent/s participating in the
plan adaptation?
Q10 - Why is an adaptation of an agent’s plan
happening?
Q11 - Which is the plan before and after an
adaptation?
Q12 - Which is the goal to be achieved by both
the old and the new plan? Which is the goal of the
agent/s involved in the plan adaptation?
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TABLE II: Set of main aspects related to ‘Adaptation’
extracted from the literature. ‘Formal’ column shows whether
the literature definition was formalized or not. ‘Trg.’ (trigger),
‘Ent.’ (entity), ‘Chg.’ (change) and ‘Goal’ columns indicate
whether the notion of each aspect was captured or not by the
definition. *Implicit in the definition. **Mathematical model
but not an ontological one.
B. Natural language definitions and formalization
We studied several informal and formal definitions from
the literature, highlighting their discrepancies and joint
points, and motivating the urge for a thorough formal model
for Collaboration (see Table I) and Adaptation (see
Table II). Usually, Collaboration is defined as a special
kind of spatio-temporal entity (an event). Moreover, it is
often related to a goal and a plan, and it requires interaction
among the agents. Hence, we define Collaboration as
‘an event in which two or more agents share a goal and a
plan to achieve it, and execute the plan by interacting and/or
delegating (perhaps just parts of it) to some of them’. In
the state-of-the-art of definitions about Adaptation, we
discovered some patterns: adaptation shall be triggered by a
stimulus, shall occur on an entity that would change to a new
state, and shall aim to continuously pursue the achievement
of a goal. We also realized that providing a general definition
of Adaptation would be extremely challenging. Barandiaran et al. [27], discussed that adaptation involves a norm
specifying which is the appropriate change to make. Hence,
depending on the type of norm, we could find different types
of adaptations: task or plan-based, evolutionary, ecological,
etc. We focused on plan-based adaptations, changes aimed
at continuously pursuing the completion of a plan’s goal
given an unexpected state or situation. In this work, Plan
Adaptation is defined as ‘an event in which one (or more)
agent, due to its evaluation of the current or expected future
state, changes its current plan while executing it, in order to
continuously pursue the achievement of the plan’s goal.’
Apart from these two main terms, we also defined others such as: Collaboration Place, Collaboration
Risk, and different types of collaborations. The ontology
was initially formalized using OWL DL (see Fig. 2), and it
is accessible at1 .
III. RELATED WORK
The 1872–2015 IEEE Standard Ontologies for Robotics
and Automation [14] was conceived as a reference for
knowledge representation and reasoning in the domain, and
a formal vocabulary for humans and robots to share knowledge about robotics and automation. However, it did not
1 www.iri.upc.edu/groups/perception/OCRA/ont/ocra.owl

Fig. 2: Graph including the main terms and properties defined in OCRA and the upper level concepts and relationships used
from DUL.
cover terminology for particular robotic sub-domains. Hence,
several ontology-based systems for autonomous robots were
implemented focusing on more specific notions. Some examples are Knowrob [24], [25], ORO [34], PMK [35] and
CARESSES [36]. These works have explored and proven the
relevance and usefulness of ontologies in robotics. However,
they did not address the terminology defined in OCRA.
Some other authors have focused on industrial robotic
applications. Stenmark et al. [37], proposed the ROSETTA
ontology, aimed at supporting reconfiguration and adaptation
of robot-based manufacturing cells. Balakirsky [38] implemented an ontology-based system for automatic recognition
and adaptation to changes in manufacturing workflows. Stipancic et al. [39], proposed to use a set of ontologies to semantically enrich the robots sensors data in order to enhance
the decision making process in a multi-agent scenario. Chen
et al. [40], presented an ontology for automatic disassembly
applications to represent terms related to processes, tools
and production pieces such as fasteners. Although relevant
for their domains, none of these works provided a formal
definition for the terms discussed in our work.
Of special interest is the work of Umbrico et al. [41], who
defined an ontology for human-robot collaboration. They
focused on terminology which was mostly different to the
notions defined in our work. Indeed, both ontologies could
coexist and complement each other. The only overlap was
regarding the notion of Collaboration. We think that our
definition is stronger and more general, because it is based
on a thorough analysis of how the term was defined in the
literature. Hence, it does not only represent our perspective
but also a view shared by several works, including theirs.
Furthermore, their ontology lacked other notions covered
in OCRA such as Collaboration Place, or Plan
Adaptation.
Finally, we can also find several works about ontologies
for the industrial domain in general [42], [43], [12], [11],
[44], [13], [45]. Nonetheless, the content defined in OCRA
cannot be found in any of them.

IV. CONCLUSION
In this article we introduced OCRA, an Ontology for Collaborative Robotics and Adaptation. It has been built considering two main notions: collaboration, and plan adaptation.
The proposed formalization is consistent with the state-ofthe-art, and we implemented it in OWL DL for practical
computational purposes. Using OCRA, robots can model and
reason about their collaborations and plan’s adaptations in
collaborative robotic applications. This work represents a
step forward to more trustworthy collaborative robots, and
also to promote the interoperability and reusability of the
terminology in this domain. In the future, we aim to define
the ontology using more expressive formal languages such as
First Order Logic (FOL). We also want to properly validate
the developed ontology, and use it in collaborative tasks and
in real industrial setups.
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