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I.  INTRODUCTION 

There are two strategies to address engineering problems: 1) 
focus on a specific application and devise a clever solution for it 
or 2) try to develop generic solutions that can be applied by 
tailoring to specific applications. The first approach is usually 
much more effective and fast when building a single system; 
the second, however, is less effective for a single application 
and much more time consuming.  This being the case, the 
generic approach offers two effects that make it desirable: 
reduces the cost of developing several systems and, most 
interesting, provides theoretical insights into the nature of the 
engineering problem. This is the kind of research described 
in this paper, where we develop a generic approach to the 
engineering of autonomous systems and apply it to the specific 
case of a fault-adaptive robotic application. 

 
The growing complexity of missions and behaviours 

demanded to autonomous systems imply the use of a 
precise, yet increasingly complex, knowledge shared by the 
different stakeholders in the process. For an autonomous 
system to behave appropriately in an uncertain environment, 
the system must have some kind of meaningful representation 
of what it perceives as it observes entities, events, and 
situations in the world. It would also be desirable for the 
system to have an internal model that captures what it knows 
and learns, as well as a mechanism to compute values and 
priorities that enables it to decide what objectives and goals to 
fulfil. Knowledge is not only the cornerstone of intelligent 
artificial systems, such as autonomous robots, it lies at the 
centre of the engineering of such systems. This is true not 
only for intelligent entities but also for all kinds of 
autonomous systems. 

 

 
Knowledge about the domain is usually acquired by 

analysing system implementations and talking to experts. This 
knowledge constitutes the very engineering resource when 
designing a system, to fulfil users’ requirements. Nevertheless, 
the development process could become a daunting task due to 
two major issues [1]: 

• Lack of a global picture of the problem:  despite a 
thor- ough research to understand the problem space, 
systems developers encounter a myriad of different 
viewpoints, partitioned domains of expertise, and 
incompatible prior- ities. 

• Never-ending changes throughout development: it is not 
uncommon that research and development projects should 
be updated, changed or reconsidered whilst the engineer- 
ing efforts take place. 

 
To overcome them, our research aims at capturing the core 

concepts and relationships in the autonomous systems domain, 
to enable the systematisation of knowledge, and its use in the 
model-based engineering of autonomous systems. Engineers 
have always built models: to describe physical systems, to 
specify products to be built, and to describe system interaction 
with the environment. Models serve as the basis for analysis 
and design in an engineering process. 

 
Nevertheless, models need a precise meaning to allow for 

consistency, sharing, traceability  and reasoning. This is where 
our proposal based on ontologies fits in: an ontological anal- 
ysis of a domain  becomes an excellent  enabler for modelling, 
since it allows to identify the terminology  needed to model  a 
domain  as well as establishing   the meaning of the concepts 
and their relationships. 

In this paper, we propose the use of an ontological  approach 
to engineer autonomous  systems, as an ontology-driven engi- 
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methodology for ontology-based MBSE (ODEM). These are
the two cornerstones of a model-based autonomous systems
engineering strategy that addresses the broad domain of au-
tonomous systems.

This ontology-driven framework has proven its value en-
abling the development of a more domain-specific architectural
framework for building self-x mechanisms into autonomous
robots. Functional concepts are used for representing the robot
elements, being instantiated into a self-model that enables run-
time reflection of the autonomous robot.

This self-model sits at the core of a reusable architecture
for robot self-awareness (OM). Firstly, ODEM’s theoretical
modelling stand has provided the knowledge engineering
guidelines and foundational concepts for the building the self,
functional model used by the metacontroller. This is rendered
using TOMASys, a functional and componental metamodel
that has been domain-focalised [26] from OASys. Secondly,
ODEM has allowed to specify the engineering activities to
build the metacontrol solution in an autonomous robots appli-
cation, identifying the key assets involved — hence producing
the OM Engineering Process (OMEP). This domain-focused
application — from general autonomous systems to self-aware
robots — is not a trivial task given the meta-aspects involved.
Note that by the use of OASys, the robot can think about its
own realisation — as an engineer would do.

Obviously, all this process seems too complex for engi-
neering a single, simple, fault-tolerant mobile robot controller.
However the extremely general approach based on a general
ontology for autonomous systems will pave the way to both i)
easy extension of the robot metacontrol architecture to address
a broader set of robot issues at the mission and meta-mission
levels; and ii) portability of the self-awareness architectural
framework from the robotics domain to other domains where
run-time reflection would help keep the system working.

The strategy and assets described have the ambition of serv-
ing as basement for a wide autonomous systems engineering
technology.
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for autonomous robot control architecting,” in PATTERNS 2013, The
Fifth International Conferences on Pervasive Patterns and Applications,
A. Zimmermann, Ed. IARIA, May 27 2013, pp. 44–51.

[22] M. Blanke, M. Kinnaert, J. Lunze, and M. Staroswiecki, Diagnosis and
Fault-Tolerant Control. Springer-Verlag Berlin, 2006.

[23] OMG, OMG Unified Modeling Language (OMG UML) Infrastructure
Version 2.2, Object Management Group, February 2009.

[24] OMG, “Robotic technology component specification v1.1,” Object Man-
agement Group, Tech. Rep. formal/2008-04-04, April 2012.

[25] E. Marder-Eppstein, E. Berger, T. Foote, B. Gerkey, and K. Konolige,
“The office marathon: robust navigation in an indoor office environ-
ment,” in Proc. of the IEEE Int. Conf. on Robotics and Automation,
2006, pp. 300–307.

[26] R. Sanz, I. Alarcón, M. J. Segarra, A. de Antonio, and J. A. Clavijo.
Progressive domain focalization in intelligent control systems. Control

Engineering Practice, 7(5):665–671, May 1999.




