
Miniaturised Robotic systems for holistic in-situ Repair and maintenance works in 
restrained and hazardous environments

MiRoR is part of the EU Seventh Framework Programme under theme: Robots for automation 
of post-production and other auxiliary processes, collaborative project 284959

Further information about the project at: http://www.miror.eu/
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About MiRoR
The MiRoR project aims to develop a 
fundamentally novel, miniaturised 
robotic machine tool system (Mini-
RoboMach). The platform will be 
capable of walking, snaking and 
performing useful machining/ 
inspection operations. Equipped 
with intelligence-driven, 
autonomous abilities, the system 
produced will be demonstrated for 
holistic in-situ repair and 
maintenance for use within large 
installations, confined or hazardous 
environments.

MiRoR is targeted at high 

investment applications: aero-
engines, nuclear power-
generation, oil and gas and 
large civil engineering 
structures. MiRoR will be 
demonstrated by performing in-
situ holistic repair/maintenance 
work (e.g. inspection and 
processing – material 
deposition, material removal)

Hardware Objectives

To produce a multi-axis, and highly novel, 
miniaturised robotised machine demonstrator 
(Mini-RoboMach) with unique dual 
machining, walking and/or snaking
capability. The system developed will consist of: 
(A) A “free-leg hexapod” (i.e. without base 
platform) used for providing both “walking” and 
6-axis processing capability. (B) An original 
stiffness-controlled “snake arm” robot capable 
of inspection and 6-axis light processing ability. 
(C) A combined and highly complementary 
hybrid configuration of Mini-RoboMach, i.e. 
“walk & snake-in”

Software Objectives

(1) To develop a unique virtual test bench
where the robustness of Mini-RoboMach’s 
hardware and software can be assessed 
virtually prior to deployment in the field. 
(2) To create the intelligent controller 
equipped with following key abilities: (A) Self 
positioning: enable navigation and calibration 
of end-effectors (B) Reasoning: decide on 
methods of accessing the working area while 
learning from prior tasks. (C) Planning: 
schedule task successions and optimise path in 
reference to the installation. 
(D) Adaptation: develop a self-protection 
ability when harmful/unfavourable conditions 
are present. 
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Described by The Sunday Times University Guide 2011 as ‘the embodiment of the
modern international university’, has award-winning campuses in the United
Kingdom, China and Malaysia. It is ranked in the UK's Top 10 and the World's Top
75 universities by the Shanghai Jiao Tong (SJTU) and the QS World University
Rankings, placing it in the top one per cent of all universities worldwide. This year
(2011) it has climbed rankings published in the Complete University Guide, The
Guardian University Guide, and The Times Good University Guide. The Faculty of
Engineering is one of the strongest faculties at Nottingham with all departments
recognized as being amongst the best in higher education.
The research team at the UNOTT is related to dedicated research centres (Rolls-
Royce University Technology Centre - UTC - in Manufacturing) of the Division of
Manufacturing and brings expertise in design and development of specialist
(miniature) machine tool and innovative tooling/fixturing for in-situ
repair/maintenance of intricate installations (aerospace, marine, etc.) and their
kinematic modeling, process monitoring and control related to machine tool
control. The UNOTT team has good experience with EU projects such as ConforM-
Jet (2009-2013), MANHIRP (2000/04), DIPLAT (2013/17), STEEP (2013/17).

Is Europe’s leading organization for applied research. Fraunhofer undertakes
contract research for the industry, the service sector and for the government. The
Fraunhofer Institute for Manufacturing Engineering and Automation (IPA) at
Stuttgart is one of the largest research institutes within the Fraunhofer-
Gesellschaft. Fraunhofer IPA occupies more than 300 employees today. Central
elements of research and development of the institute are application-orientated
and concern organizational and technological problems which occur in all
production areas of both industrial enterprises and technically orientated service
enterprises. The institute's projects cover development and application of
methods, components and devices as well as prototypes of machines and
production facilities. Regarding the aims of this project, the department Robot
Systems of Fraunhofer IPA has excellent know-how and long experience in the
following areas of interest: Robotics and automation technology, mobile navigation
and manipulation, as well as mechanical engineering and integration. Also
Fraunhofer IPA was leader as well as participant in several EU-projects with very
different topics. Relevant ongoing or former projects for this project are SMErobot,
EUrobotics, BRICS, PiSA, and ROSETTA. Fraunhofer IPA is also member of both the
EURON and the EUROP networks.
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Partners
University of Nottingham
(United Kingdom)

Fraunhofer IPA
(Germany)

IK4 Tekniker
(Spain)

Is a non-profit making research organization located in the Basque Country
(North of Spain). Tekniker works in a wide field of technologies related to
manufacturing. The main objective set at Tekniker is to bring R&D conducted
under contract. With a stable income from R&D activities (approx. €7m from a
total of €13m) and 198 experienced researchers (18 PhD, 96 MSc, 33 BSc)
Tekniker is an active research organization that brings into MiRoR critical
expertise related to two departments: Precision engineering and mechatronics:
design and manufacture of mechatronic products; advanced calculation and
simulation; design and adjustment of controllers; Production and automation
engineering: production organization and management; smart systems (system
integration, control and optimization; artificial vision).

intelligeNDT Systems 
& Services GmbH
(Germany)

Rolls-Royce plc
(United Kingdom)

Is a world-leading provider of power systems and services for use on
land, at sea and in the air, and has established a strong position in global
markets - civil aerospace, defense aerospace, marine and energy. As a
result of this strategy, Rolls-Royce has a broad customer base comprising
more than 500 airlines, 4,000 corporate and utility aircraft and helicopter
operators, 160 armed forces, more than 4,000 marine customers,
including 70 navies, and energy customers in nearly 80 countries, with an
installed base of 54,000 gas turbines. Rolls-Royce employs over 40,000
skilled people in offices, manufacturing and service facilities in over 50
countries. Over 11,000 of these employees are engineers. Rolls-Royce
supports a global network of 28 University Technology Centres, which
connect the company’s engineers with the forefront of scientific research.
The Group has a strong commitment to apprentice and graduate
recruitment and to further developing employee skills.

ETH Zurich
(Switzerland)

IWT at ETH Zurich has its roots in the Machine Tool Laboratory which was
founded in 1939 at ETHZ Zurich. It gained over the last decades a holistic
and detailed insight in the field of production while carrying out various
national and international research projects with industry. The research
focus at IWF is on production systems and their processes. Within this
view, data models and knowledge representations are subject to current
research performed at IWF. In addition, commercial and self-developed
simulation tools are used for modeling, analyzing and optimizing
production systems and processes, e.g. rigid body simulation, thermal
behavior of machines. Furthermore, research is performed in Virtual
Reality related to production, in particular on how to exploit the potential
of visualization and man-machine interfaces in the context of the Virtual
Factory.

AREVA NDE-Solutions with it’s headquarter in Paris, France is an AREVA
global business entity specialized in Non-Destructive Examination. With
regional inspection entities in France (Intercontrôle), Germany
(intelligeNDT Systems & Services), the United States (part of AREVA Inc.)
and nearly 700 employees, AREVA NDE-Solutions supports hundreds of
customers worldwide. Its mission is to provide safe, reliable, innovative
and competitive inspection services & products for global operating and
New-Build nuclear power plants as well as industrial markets. AREVA
partners with the industry to comply with mandatory and recommended
non-destructive examinations assuring component structural integrity and
contributing to the safety of installations, occupational safety, personnel
health and environment preservation. We will actively support the MiRoR
project with our experience on the design and development of
manipulators for inspection tasks in nuclear and underwater environment.

Acciona Infraestructuras
(Spain)

Is a leading European construction company constructing and managing
buildings and civil infrastructures under the sustainability principles. It has
an international presence in more than 30 countries and its total turnover
in 2010 was about 3’1 billion €, employing 15.800 people. It is part of
ACCIONA Group, whose business lines are Construction, Real State,
Urban-Environmental Services, Energy, Logistic and Transport. ACCIONA’s
business strategy is tightly linked to sustainability and in recognition of the
company’s efforts and commitments in that direction, received in 2009 the
Award for Corporate Sustainability of the EU Business Award. ACCIONA
uses cutting-edge technology to develop and apply the most advanced
materials, components, systems and solutions for sustainability and in
particular for energy efficient concepts, design, construction, operation
and recycling of buildings. It applies to new and retrofitted buildings while
preserving a high indoor environment quality

Petrom OMV
(Romania)

Is the largest Romanian oil and gas group, with activities in the business
segments of exploration and production, refining and marketing as well as
gas and power generation. Since 2005 the OMV Group, the leading oil and
gas corporation of Central Europe, holds a 51.01% share in Petrom
Romania. Petrom exploits estimated proved oil and gas reserves of 0.9 bn
boe, has an annual refining capacity of 8 mn t and holds around 550 filling
stations in Romania. Petromar Constanta, as Production Field of OMV –
Petrom, is the only one which is activate in offshore area. The Asset
Petromar include seven production offshore platforms, one jack – up rig
platform and an onshore oil & gas terminal. Petrom is currently operating
two offshore blocks (Histria XVIII, Neptun XIX), covering an area of 13,880
km2 divided on five producing commercial fields: Lebada East, Lebada
West, Sinoe, Pescaruş and Delta. The current offshore production reaches
around 32,000 boe/d which accounts for approximately 18% of Petrom‘s
production in Romania recently.
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In MiRoR approach, the innovative concept of
Mini-RoboMach consists of a hybrid system
that has:

A novel free-leg (i.e. without base platform)
parallel kinematic configuration utilised for
providing both walking-in positioning capability
and 6-axis movement for performing post-
production operations (e.g. repair, maintenance)
over larger workspaces volumes.

- Definition of the design requirements based on the
scenarios within which the system will be operating
(walking ability, machining operations, size and weight
constraints).

- The general layout will use the FreeHex parallel
kinematic machining system as a starting point for
development with the addition of actuators that will
enable walking.

- Two single leg demonstrators have been built and
tested. After the continued evaluation of these and
various other leg actuation concepts the decision has
been taken.

- Work related to foot design has been started with the
planned system allowing attachment of the WalkingHex.

- Models have been produced that determine the forces,
torques and stroke required by the system as a whole
when walking in several scenarios (i.e. flat/slope).

- A stability model has been started, which together with
the force/torque values and other factors, will build into
a gait analysis and used to determine limits on the
movement of the legs in the operating environment.

- A model for determination of the machining work volume
of the main spindle for non-flat surfaces has begun.

News

Highlights

- The processing capabilities and the general size, length,
and weight requirements were determined.

- Kinematics for the full length snake arm have been
determined and force models constructed.

- The mechanical and electrical systems of the full length
snake arm were built and basic movements achieved
from the twelve articulated sections. This test system
will be used to prove and lead the design of the final
system.

- An initial proof of concept rigidising two section snake
arm was built and used to determine how the stiffening
system affects the performance of the snake arm.

- Improvements to the tip following control algorithm and
machining control of the final 3 sections of the snake
arm were studied.

- Initial design work had been conducted into a
machining spindle end-effector that will be utilised at
the end of the snake arm

An original stiffness-controlled flexible-arm
robot for enabling snaking-in capability in
dense structures as well as the 6-axis
movement to utilise end-effectors for post-
production operations (e.g. inspection, repair,
maintenance, etc) in very confined/dense
workspaces.

Walking

Snaking
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Intelligent Controller

The aim of the Intelligent Controller is to develop a
multi-thread intelligent controller for the MiRoR
platform to make Mini-RoboMach an autonomous and
self-reasoning & planning agent for in-situ post-
production works. MiRoR controller will address the
following main intelligence-oriented abilities:

• Self-positioning for navigation to/from work;
accurate, vision-based feature-referencing.

• Reasoning for selection of walk-in or snake-in
mode during task execution and recurrent
intervention with user-feedback.

• Planning to optimize tasks sequences and to find
collision-free motion paths for FreeHex and
SeRArm.

• Cognitive System Adaptation for self-protection
and structural setup adaptations

- Different sensors have been proposed considering the
requirements of the partners as well as constraints for
size, weight and power consumption.

- The Motion Command Interface for the communication
between the high-level functions of the Intelligent
Control System and the low-level control of FreeHex
and SeRArm has been defined.

- It has been agreed to use Blender as simulation
environment since Blender is able to model the aspects
of the flexible SeRArm links but also supports the
simulation of various visual sensors and includes a
PhysicsEngine that can be used for checking the MiRoR
model against collisions with the environment… and
many other advantages.

- Representation of the environment within the
Intelligent Controller as an Octomap.

- Integration of the continuous robot kinematics of the
SeRArm into the Robot Operating System (ROS) for
path-planning and collision-checking.

- A diagram has been generated to depict the relations
between these components as well as the
data/information that is to be exchanged between the
components respectively.
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- Physical simulation of the Mini-RoboMach (robot and
snake arm) regarding kinematics, statics, dynamics and
thermal behavior

- The foundation for the simulation of the complete system
consisting of the Mini-RoboMach and its environment has
been laid.

One of MiRoR’s objectives is to develop a
virtual test bench for the evaluation of the
design (e.g. walking and/or snaking) solutions
and the intelligence-driven abilities of MiRoR to
predict its functional/reasoning capabilities and
to enable corrective actions on the concepts
before being built. This refers to the need of
virtual testing of MiRoR system before it goes
into any real applications (within/outside the
scope of the present project) to ensure the
required performance fulfils the set industrial
conditions; every time when a new holistic task
is needed by an end-user, the PP will be run for
different hardware/software configurations of
MiRoR, to ensure that an “optimal” system
configuration is chosen for the particular
conditions of the required in-situ post-
production job.

Two separate demonstration environments have been
envisioned:

- Environment for combined Mini-RoboMach
demonstrating both walking and snaking capabilities
(Environment 1)

- Individual SerArm demonstration environment
(Environment 2)

MiRoR is targeted at high investment
applications: aero-engines, nuclear power-
generation, oil and gas and large civil
engineering structures. MiRoR will be
demonstrated by performing in-situ holistic
repair/maintenance work (e.g. inspection
and processing – material deposition, material
removal)
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MiRoR website is available at www.miror.eu

- Design of MiRoR promotion material: A MiRoR
poster, flyer and banner have been designed
as promotion material that will be distributed
and showed in different events.

- Creation of stakeholders database to attract
industry and research communities at project
developments and establish contacts within
the EU Robotics Community.

- Participation with MiRoR banner and flyers on
IAM Annual Conference 2012. 18 to 20 June
2012. Warwick University, (UK).

- Publication of MiRoR project description and
logo in some of the partner websites.

- Celebration of an Exploitation Strategy
Seminar provided by EC commission to the
MiRoR project. 26 of June 2012. Erlangen –
Germany. Identification of main Exploitable
Results related to the project and definition of
several forms to be filled by all partners.

- Publication of an article in New Scientist
magazine: “Snakes on a plane slither in
engines” 26 of September 2012. Magazine
issue 2884.

- Presentation in the 13rd Mechatronic Forum
International Conference. 17th-19th of
September 2012. Linz, Austria.

- Introduction of MiRoR to STC M research
group at the 62nd General Assembly of
International Academy for Production
Engineering (CIRP). 19th-25th of August
2012. Hong Kong.

- Definition of the Training Guidelines and
General Training Work plan for MiRoR
platform.

Since MiRoR project started, on February 2012, two consortium meetings have been held:

- Kick-off Meeting.
Brussels (Belgium), February 2012.

- M6 Meeting.
Erlangen (Germany), July 2012.

An Exploitation Strategy Seminar (ESS) was also held in Erlangen.

Next Meetings:

- M12 Meeting.
Zurich (Switzerland), February 2013.
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University of Nottingham

Professor Dragos Axinte 
Department of Mechanical, Manufacturing and Materials 
Engineering, The University of Nottingham, NG7 2RD, UK 
Tel: +44 (0)1159514117 
E-mail: Dragos.Axinte@nottingham.ac.uk 


