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Abstract. The need for nuclear decommissioning is increasing globally,
as power stations and other facilities utilising nuclear reaches the end of
their operational life. Currently the majority of decommissioning tasks
are carried out by workers in protective air fed suits, which is slow,
expensive and dangerous. The work presented here is the early stages in
the development of a flexible mobile manipulator platform, combining a
Clearpath Husky, a Universal UR5 manipulator and various sensors. The
system will be used for research specifically in the area of exploration of
contaminated environments, map building to aid in task planning, and
also to investigate manipulation for waste sorting. The aim is to develop
a system that can, in the short term, be used in real world tasks but
longer term function as a research platform to allow continued research
and development. As well as developing a hardware platform, a detailed
simulation model is also being developed to allow testing of algorithms in
simulation before being deployed on hardware. The use of the simulation
model for operator training is also an area that will be investigated in
the future. This article focuses on the planned work for developing the
system, as well as discussing the progress on the simulation model.
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1 Introduction

Nuclear decommissioning often involves working in areas contaminated with high
levels of radiation, where human entry is only possible with the use of protective
air fed suits. The use of air fed suits require a team of people to put on and
take off, and following the use of the suit it becomes contaminated waste which
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needs to be disposed of accordingly. Besides being costly and time consuming,
the working time for the operators wearing these protective suits are limited due
to the radiation risk [1]. These are contributing factors to why nuclear decommis-
sioning is expensive, slow and dangerous. Nonetheless, nuclear decommissioning
remains a critical task that needs to be undertaken.

The need for decommissioning is in fact increasing as more facilities are
approaching the end of their operational life. One such example is the Sellafield
site in the UK, where the Thermal Oxide Reprocessing Plan (THORP) has been
recently shut down, and the Magnox reprocessing plant is due for closure before
2020 [10]. These facilities potentially contain a variety of contaminated materials.

It is required that the contamination level of items in these areas is confidently
identified so that the items can be processed and sorted accordingly. There are
four levels of radiation contamination, High level, Intermediate level, low level,
very low level [18] and each level requires different handling. For example very
low level waste can be disposed of with normal rubbish, but low level waste
needs to be stored in special near surface or below surface facilities. Therefore
misclasifying waste has a significant impact on costs, also if the contamination
level can not be confidently determined it has to be treated as higher level further
impacting costs and time scales.

With this in mind, this work aims to develop a mobile manipulator platform
for remote operation in these hazardous areas. By combining a mobile base with
a manipulator, namely a Clearpath Husky robot [3] with a Universal Robots
UR5 robot arm [17], a platform that can operate remotely, indoors, and perform
a variety of useful tasks will be created.

Fig. 1. V-REP simulation of a Clearpath Husky robot with a UR5 robot arm mounted
to it.
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1.1 Robot Platform

The Husky was chosen for being a good compromise between its small size
and maneuverability for operating in confined or cluttered spaces, whilst still
large enough to mount a manipulator and other sensors. For example, its small
size allows it to traverse through doorways, under tables, and also over small
obstacles or uneven terrain that may be encountered in a nuclear facility. The
Universal UR5 arm is compact enough to be mounted on the Husky (see Fig. 1)
and has a payload of 5 kg, which is useful for real-world manipulation tasks. The
manipulator is also widely supported manipulator and is available off-the-shelf
in an integrated package with the Husky.

Applications for this system will range from visual inspection and map-
ping, to manipulation and waste sorting. This will give operators a view inside
these hazardous facilities, some of which have not been entered for many years,
allowing necessary tasks to be identified and a decommissioning plan to be con-
structed. The same system can be used for task such as moving and sorting waste
material, or collecting samples. There is also the potential to fit specialist tools
as the manipulator’s end-effector, such as a saw for cutting large waste items
to downsize it for storage. Although this has potential to cause other issues,
such as creating contaminated dust, so is an area that would require further
consideration.

1.2 Challenges

The challenges presented by these environments extend beyond the obvious radi-
ation risks, and include:

– chemical hazards
– operating in confined spaces
– operating in potentially unknown environments as some facilities have been

closed for many years
– communication challenges presented by thick steel re-enforced concrete walls
– materials may have perished over time for example metal rusting which may

affect the handling of objects.

The dangers posed by these hazards can be minimized by the use of robotic sys-
tems instead as the environment is dangerous, unknown and potentially unpre-
dictable. Even so, these environments do pose a challenge for robotic systems.
Communication between robot and user is of utmost importance in the tar-
get deployment scenario. However, the work environment results in unreliable
wireless communication. Hence, a tether is proposed in this work to allow com-
munication between the operator and the robot. This also gives the advantage
of extending operation time beyond the limited on-board battery. As such, part
of this work is to develop a tether management system that will consider the
tether during path planning and aim to avoid problems other tethered robots
have faced. This is discussed below.
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Another challenge that has to be considered with the deployment of robots
in radiation contaminated environment is what happens to the robot post oper-
ation, or if it breaks. The robot will have become radiologically contaminated
and thus requires a complete radiation cleanup which is very difficult and often
deemed not worth the time and cost. More commonly, contaminated systems
are disposed of which in turn creates more contaminated waste that needs to be
disposed off. This forms part of the motivation for developing a flexible system
that can perform a variety of tasks rather than a highly specialised robot for one
particular task. A system that can operate for a prolonged period and perform
a range of tasks could be very beneficial to the decommissioning industry.

With these considerations in mind, we chose to make use of proven off-the-
shelf components to create the mobile manipulator platform, rather than an
entirely bespoke solution. This approach will yield a reliable system which is
of high importance for the target application. The system will also be modular,
allowing parts such as sensors to be easily replaced if they get damaged. Although
the replacement of parts requires human intervention, this approach is able to
extend the lifetime of the system, reducing both cost and further contaminated
waste.

2 Background

The use of mobile robots in the nuclear industry is not a new idea, [16] gives a
detailed review of mobile robots deployed in the nuclear industry over the last few
decades. Many robots used previously have been used in response to accidents
such as at Chernobyl or Fukushima, with relatively few robots being used in
decommissioning tasks. A similar platform to the one discussed here has also
been developed by the Nuclear and Applied Robotics Group at the University
of Texas at Austin, called Vaultbot [14]. Their system combines a Husky with
dual UR5 manipulators. However their system required extensive modification
of the Husky platform to allow two manipulators to be fitted, and being battery
powered it has a short run time. In contrast our system requires almost no
modification and so is kept modular and retains the mean time between failure
(MTBF) of the off-the-shelf hardware. It will also utilise a tether with a novel
tether management system, allowing extended periods of operation and maintain
communication in environments where wireless communication is unreliable.

The main contributions of this work come from the combination of expertise
from different UK Institutions to create:

– A reliable mobile platform with semi-autonomous grasping abilities
– A tether management system to prevent cable tangling with obstacles
– An intuitive user interface that is effective and simple to use, shared by the

real hardware and simulation model
– An accurate simulation model, which somewhat uniquely, includes the tether

in the model
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The platform will be developed focusing on real world challenges but will
also allow novel research into areas such as grasping, manipulation and human
robot interfaces. The aim is to develop a system that in the short term can
be deployed in the real world, and with minimal operator training be used by
nuclear industry workers, whilst simultaneously in the longer term be used as a
research platform to develop industry relevant functionality. Another benefit of
using off-the-shelf components is that the platform can be replicated at each of
the partner institutions, allowing research in different aspects to be carried out
in parallel to each other.

As such the first iteration will use a direct teleoperation system for both
the mobile base and the manipulator. This will allow the basic system to be
assembled with the various sensors integrated and tested. Once the basic system
is working other areas can be investigated such as semi-autonomous algorithms
for both the mobile base and the manipulator as well as different user interfaces.

There is also scope to use the platform for further research into, for example,
human factors experiments, studying the effects of different sensors on ease of
tele-operation, or different input methods and levels of automation. This could
involve carrying out a series of tests with different cameras attached, e.g. a fixed
camera, fixed stereo cameras, pan-tilt camera system, fish eye or 360 camera,
and also comparing between on screen images with the use of a VR headset. To
investigate different input methods and levels of automation, a study comparing
e.g. keyboard tele-operation, game pad control and point and click interactive
target markers could also be carried out. These two areas overlap, as the control
method has a direct impact on the information required by the operator.

A reliable communication link between a remote inspection robot and oper-
ators is invaluable. In nuclear environments, the thick concrete walls designed
to shield against ionising radiation attenuate most radio signals as to become
unusable, thus making wireless communications impractical in most cases.

A wired connection between the robot and operators offers a reliable and
usable solution to the problem of data transfer. The major drawback is the addi-
tional weight, mechanical complexity, and the threat of a cable tether becoming
tangled or caught on obstacles, incapacitating the robot. The latter ended remote
robotic inspection operations of Unit 2 at the Fukushima Daiichi Nuclear Power
Plant. The tether management system became jammed, immobilising the Quince
1 robot [9], resulting in loss of communications and the robot had to be aban-
doned [20]. Tether management for this robot was sited as the most significant
problem faced for inspection of Unit 2 and 3.

Mechanical considerations can be made to try minimise tangling events, but
robot path planning can play an important role in avoiding tether crossing
and minimising cable length. Previous work on path planning of single tethered
robots have concentrated on minimising cable length for a given goal position,
with the tether fixed to a base position [19].

The majority of work on single tethered robot path planning has allowed for
the robot to cross it’s tether if it would result in the shortest path (so-called
semi-planar, compared to purely planar where no crossing occurs) [2,7,8,13,19].



A Debris Clearance Robot for Extreme Environments 153

In real-world robotic deployment scenarios crossing of a communications cable
could lead to wear and damage of the tether, as well as risk of tangling.

It is common for robots to utilise an occupancy grid [15] for obstacle mapping
and path planning due to the ubiquity of the Robot Operating System (ROS)
[12] and it’s native navigation stack [6]. The solutions proposed in previous works
require absolute knowledge of all obstacles, and the ability to describe them as a
polygon with a centre [7]. As obstacles are typically identified as locations where
an instrument such as lidar or depth camera has encountered an object, then
marked on a costmap, it is not readily possible to fully identify and describe
every distinct obstacle as required by these algorithms.

Existing algorithms further require full knowledge of an obstacle map to be
able to compute possible paths, ultimately making requests for path planning
quicker. This pre-computation can take tens of minutes [8], but in an unknown
environment, an obstacle map may be updated on the order of every few seconds.
Computation time of an hour before being able to make a path planning request
is infeasible for every time the map is updated. Finally, these algorithms minimise
path length of the tether, a consequence is that the tether comes into direct
contact with obstacles, under the assumption the cable can be pulled taut. This
acts to minimise cable length, however, in unstructured and cluttered nuclear
environments, it would be an unacceptable risk to possibly move or topple an
obstacle which may contain contaminated waste.

A path planner for a single tethered robot for unstructured nuclear environ-
ments would need to avoid direct contact of obstacles with the tether, forbid
crossing of the tether at the expense of time or cable length, be able to adapt
to changes in the obstacle map with minimal computational overhead, and cope
with a gridded costmap representation of obstacles in the environment.

To test such a path planner, it is advantageous to use a robot simulation
which can mimic not only robot motion, but most importantly the dynamics of
the tether.

3 Simulation

Whilst the hardware is purchased and assembled to create the mobile manip-
ulator, a simulation model has been created using the V-REP simulation soft-
ware [4]. V-REP was chosen based on the recommendations of previous work by
Pitonakova et al. [11], which compared the performance of different simulation
environments. The Clearpath Husky model is not included in V-REP, however a
CAD file of the complete Husky is available from Clearpath, and so this was used
as a base to create the assembly for the simulation model. The finished model
has a UR5 manipulator, which is readily available in V-REP, attached as shown
in Fig. 1. Due to the detail in this model, particularly the geometry of the tyres,
the physics based simulation runtime was very slow, and so a simplified version
was also created as shown in Fig. 2. While this version has simplified geometry,
properties such as mass and friction are maintained so the dynamic behaviour
of the real system is still represented closely.
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Both of these models can be integrated through V-REP with ROS, elimi-
nating code porting issues between the real and simulated robot. This allows
new algorithms to be quickly and safely developed in simulation before being
deployed on the hardware. It also allows the possibility of operator training on
a simulated robot, using the same control interface, before using the hardware.
This could be particularly useful where following an exploration and mapping
stage, the real environment can be simulated, allowing navigation or manipula-
tion tasks to be evaluated prior to executing the same tasks in the real world.

Fig. 2. Simplified model of Clearpath Husky in V-REP with UR5 mounted and
power/communication tether attached.

3.1 Tether Simulation

As part of the simulation, a tether has also been created, shown in Fig. 2 (note
that the tether can be added to the detailed model also). Again, V-REP does not
include cables in the model library hence it has been developed from the ground
up. The tether was created by forming a kinematic chain of small cylinders
connected by joints. Each cylinder has physical properties such as mass and
friction and each joint, as well as providing flexibility, acts as spring damper
system. Tuning these parameters allowed realistic cable behaviour to be achieved
as a result of the physics engine in V-REP, as illustrated in Fig. 3 where the
cable can be seen sagging either side of the solid block and being pulled onto the
motorized drum.

The tether is fixed to the rear of the platform and having both mass and
friction acts realistically as it is dragged along the floor. To the authors current
knowledge there are no examples of a tether being included in a mobile robot
simulation, despite the impact it has on the path planning and the effect on
dynamic properties from dragging a cable along the floor that can snag or inter-
act with obstacles. Including the tether in the simulation also allows the tether
management solution to be evaluated as it is developed, facilitating rapid and
safe development.
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Fig. 3. Example from testing the cable, cable is wound onto a motorized drum whilst
being dragged over block.

3.2 Hardware Configuration

During the development of the simulation model it became apparent that the
placement of the manipulator has a noticeable effect on the performance of the
system. Results of an initial investigation placing the manipulator at the front,
middle and rear of the simulated Husky and monitoring the XY position of the
robot when given identical motor inputs are shown in Fig. 4. This is an area that
needs further investigation as the difference seems much larger than would be
expected. It is assumed that the difference is caused by the change in the robot’s
centre of mass affecting traction. Results such as these show one of the benefits
of simulation, these effects can be easily investigated by changing the robot
configuration, which would be a significant undertaking with the real hardware.

To determine whether this difference is exaggerated in the simulation a test
using the real Husky will be carried out when the hardware is available. The
results shown here are with the manipulator static, so the manipulator moving
whilst the base is moving would potentially have a large effect on performance.
This may have an impact on the control of the system when objects are being
carried, for example it may be required that the manipulator remains static
whilst the base is moving, as such understanding if this is as noticeable on the
real robot is important. On the other hand, using a SLAM algorithm and semi
autonomous navigation may provide enough performance to mitigate the effect.
Testing on the real hardware is necessary to better understand the issue and will
also help to improve the simulation model, narrowing the reality gap.

Another area that is currently being investigated is what sensors are needed
on the robot. It is desirable to keep the system as simple as possible whilst
also making it capable enough to be easily controllable and with some semi-
autonomous behaviours. It is anticipated that at a minimum a 2D Lidar, a
camera and a radiation sensor will be needed. The 2D Lidar will allow SLAM
(Simultaneous localisation and mapping) so that the environment can be nav-
igated. A camera on the Husky will allow the operator to see what the robot
can see, this is essential for tele-operation. Additionally using stereo or depth
cameras would allow a 3D point cloud of the environment to be created which
would aid planning of tasks and visualizing the area. It is also likely a second
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Fig. 4. Initial results showing XY position of the platform, with the same motor input,
for 3 different manipulator mounting locations.

camera would be needed on the manipulator, to act as an eye in hand camera to
allow grasping. A radiation sensor would allow both monitoring of the environ-
ment to identify radiation level and also aid in separating items into high and
low level waste. Date from the radiation sensor could potentially be combined
with a 3D point cloud, to give a 3D environment map showing areas of contami-
nation. Having the detailed simulation model allows different configurations and
positioning of sensors to be tested, this will give a greater level of confidence
when assembling the hardware as we can test that one sensor placement doesn’t
occlude another and that all the desired sensors fit on the platform for example.

3.3 User Interface

The simulation model being integrated with ROS allows different combinations
of sensors to be tested in simulated environment and the output to be displayed
in RVIZ as it would be with real hardware sensors. This allows quickly testing
different sensor combinations and seeing the output on the user interface before
implementing with expensive hardware. An example of this is shown in Fig. 5,
which shows the combined output of a simulated 2D Lidar and a low resolution
depth camera (64 × 64 pixel) in a simulated corridor. The 2D Lidar data is
used with a SLAM algorithm, currently GMapping [5], to produce a 2D map of
the area and the depth camera creates a 3D point cloud. The investigation into
different sensor combinations is ongoing, and more work is required to identify
suitable sensors. A user study may be carried out to identify what data the
operators want which can then help identify necessary sensors.

Using this simulation model and data from simulated sensors work has begun
on looking at simple user interfaces for teleoperating the platform. This currently
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Fig. 5. (left) initial test scene created in VREP (right) Simulated 2D lidar and depth
sensor data combined in Rviz. Created by the mobile platform moving in a straight
line in a single direction in simulation.

has focused on getting the data from the simulated sensors published to ROS
so it can be used and displayed elsewhere, and mimics the real system, for this
purpose the output from a camera mounted on the front of the platform is
shown alongside the map created from Lidar and 3D point cloud data, and the
operator controls the platform using standard ROS keyboard teleoperation. An
example of the current interface is shown in Fig. 6. This was mainly developed
to test the integration of the simulation with ROS and is not intended as a final
user interface. Using the simulation model different user interfaces can now be
developed, using different combinations of simulated sensors. These can then be

Fig. 6. Snapshot of user interface, showing view from front mounted camera on the
left and generated 3D map to the right.
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evaluated and inform the decision on which sensors to implement on the real
system, which could result in a significant cost saving as only necessary sensors
will need buying.

4 Conclusion

A need for reliable flexible robotic systems within the nuclear industry is clear,
with the number of facilities requiring decommissioning continuing to rise and
current methods being slow, expensive and dangerous. This paper has focused on
the plans for the development of a mobile manipulator platform for use in nuclear
decommissioning tasks, which is currently in the early stages of development. The
platform will combine a mobile base with a manipulator and multiple sensors
for visualising the environment. Although the application area considered here
is a nuclear one, a flexible mobile manipulator platform could be used in many
different areas and so this work could in the future be adapted to other areas.

Details of the simulation model, developed by the present author, are given
and some initial results of testing the simulation presented, including a simulated
tether and visualisation of combined sensor data. This model will allow testing
of different sensor combinations in simulation so the right choice can be made
when implemented on hardware, as well as testing of different user interfaces,
new control algorithms and novel tether management and path planning systems.
There is also potential to use the model for training of new operators as it will
share a control interface with the hardware platform, and real environments can
be recreated after being mapped in 3D.

Next steps include investigating tele-operation interfaces such as joystick
or game-pad controllers and implementing one for the simulation model, this
together with the sensor output will allow work on the user interface to begin.
At the same time the hardware can be assembled to make the platform and
testing can begin, making use of the same algorithms developed for testing the
simulation model thanks to both systems using ROS.
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