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Introduction:  The development of complex au-

tonomous landed robotic systems will be critical for 
future planetary exploration missions. Such missions 
will encounter  dynamically changing environments 
with high levels of uncertainty  and  will require the 
use of specialist test facilities including mock plane-
tary surfaces, simulated software environments and 
field trials. However these same facilities can also 
have practical applications for terrestrial users in 
fields such as agriculture, automotive, first response, 
mining, oil and gas exploration. 

This paper presents the results of a study con-
ducted on behalf of the European Space Agency 
(ESA) by a consortium composed of RAL Space, 
SCISYS and Astrium to  investigate the feasibility of a 
European facility for the validation and verification 
(V&V) of robotics and autonomy for the exploration 
of extra-terrestrial planetary surfaces and also for ter-
restrial applications. 

 
Study Purpose and Methodology: The primary 

outcome of the study is a proposal for a European test 
facility for robotics and autonomy to be established at 
the ESA Harwell centre in the UK.  The  definition of 
this Facility was arrived at via the following steps: 

- Analysis of the robotic and autonomy needs of fu-
ture exploration mission and opportunities[1] 

- Review of the verification and validation process 
for integrated landed robotic platforms 

- Survey of relevant V&V facilities already avail-
able across Europe to identify and highlight missing 
capabilities 

- Interaction with a potential user community to 
discuss the capabilities of individual facilities and to 
determine current and future needs 

- Definition of a facility dedicated to the develop-
ment and testing of integrated landed robotic assets, 
complementary to existing facilities while exploiting 
valuable synergies in the space sector and beyond. 

 

System Level V&V Needs: V&V of robotic and 
autonomous systems is a complex and multi-domain 
problem that is only successful when all the hardware, 
software, environment and their respective interac-
tions are shown to meet the specifications, as well as 
being functionally fit for purpose. 

The process followed to investigate  the system 
level verification and validation needs is detailed in 
the following Figure 1. 

 
Figure 1 : System Level V&V Analysis 

 
From the analysis of future mission concepts [2] 

the study finds  that any new facility will need specific 
capabilities to support V&V of a range of robotic mo-
bile/static platforms and manipulator systems. This 
includes payload deployment, sample collection and 
object manipulation – see Figure 2. 

This V&V support is found to be required at all 
levels of integration, covering the unit/subsystem op-
eration of platform and payload as well as mission 
level operation of the integrated system and across all 
mission phases from development to post-launch op-
erations. 
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Robotic and Autonomous Systems V&V Needs: 
To support the planetary exploration missions, robotic 
and autonomous systems are required to operate and 
react to a wide range of environmental conditions and 
demand  a correspondingly large number of opera-
tional scenarios to be defined and tested against.  

 
Figure 2 : Application of Robotic Systems 

 
In addition, autonomy in itself is also applicable to 

a much wider range of applications for future mis-
sions, as shown in Figure 3. 

 
Figure 3 : Application of Autonomous Systems 

 
A thorough verification and validation phase must 

therefore be performed to increase robustness of com-
plete system and its operation, while ensuring opera-
tions can be completed successfully and safely within 
the resources available and, importantly, to generate 
the human factor of 'trust' that leads to technology 
acceptance and uptake.  

Unfortunately the absence of mature flying mis-
sions on which to exercise these complex system re-
quires us to explore the use of high fidelity physical or 
software based simulations of the environment in 
which they are to operate. To address this, the study 
has surveyed existing European test facilities against a 
complex set of V&V needs to cover the full gamut of 
activities involved in the testing of robotic and auton-
omous systems.  

 

Overview of Proposed Facility: Based on the 
analysis, the study finds a number of facilities and 
tools already exist across Europe serving the space 
robotic community. However important gaps in capa-
bility have been highlighted – for example a field tri-
als support unit, a virtual engineering lab focused on 
planetary systems and a remote robotics operations 
test centre. An enabling infrastructure is required that 
builds upon existing centres, contributes to the needed 
capability and federates existing and future actors 
around a new facility concept. The proposed Facility 
and its areas of focus is illustrated  in Figure 4. The 
same capabilities can be similarly exploited across 
other (non-space) domains such as precision farming, 
assisted living/health, automotive, construction, de-
fence, emergency services, energy exploration – min-
ing, nuclear power decommissioning, transport and in 
the water industry. 

 
Figure 4 : Robotics and Autonomy V&V Facility 

Concept 
 

Next Steps: The HRAF study proposes that one or 
more demonstration projects be conducted as part of 
the initial facility development. The aim would be to 
demonstrate, (as far as possible using existing facili-
ties, hardware and software), how the engineering 
processes embodied in a fully operational facility 
could be of benefit to ESA in the validation and verifi-
cation of robotics mechanisms and autonomy. Specifi-
cally the demonstrations will exercise exploration 
hardware and autonomous software together and ex-
ploit the ability to correlate data generated by virtual 
and physical engineering environments – key ele-
ments of the proposed facility concept.  
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