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The mgjor research activity of the UWA Space Robotics Group concerns the study of the concept of
self-sustaining robotic ecosystems. Thisisaimed at the creation of self-sustaining robotic communities
for long-term or continuous robotic presence on planetary surfaces or in space. Such technology offers
the possihility of increasing scientific returns, decreasing exploration costs, and reducing chances of
mission failures. Our current research in the area of self-sustaining robotic ecosystems includes the
following projects:

1. Determination of Planetary Meteorology Utilising Aerobot Flight Control Sensors, EPSRC
PhD Award. This project is focused upon the generation of aerobot fuzzy logic autopilots, whose
purpose is not only to provide the necessary flight control, but can also hypothesise an aerobot’s
surrounding meteorology, and hence act as an additional source of scientific data. A sophisticated
aerobot flight ssmulator has been developed as part of this research, which is based upon the NASA
Langley Research Center, LaRCsim, and the JSBSim flight dynamics models. Using a 3D Navier-
Stokes simulation with MOLA terrain data, realistic Martian wind conditions can be imported into
the flight simulator for experimentation purposes. The aerobot fuzzy logic autopilots are generated
from human expert flight data using fuzzy system identification software based upon the Takagi-
Sugeno model.

2. Terrain Feature Identification for L ocalisation and Navigation of Planetary Aerobots, UWA,
Department of Computer Science PhD Award. This project is focused upon extracting naturaly
occurring surface features, (e.g. peaks, ridges, channels etc.) from topographical maps obtained
using aerobot mounted LIDAR technology. By matching such features with those obtained from
MOLA data (for example), an aerobot can be localised and navigated with respect to a planet’s
surface. Experimentation has been undertaken using our aerobot flight simulator using a MOLA
Martian terrain model. Once deployed on a planet’ s surface, an aerobot beginsto gather terrain data
using its LIDAR system. A localisation agorithm flies the aerobot to a predetermined terrain
feature. The gathered terrain data is compared with a MOLA data region, and once localised, the
aerobot is able to navigate about this region.

3. Autonomous Calibration of Robot Manipulatorsin Remote Environments, UWA Postgraduate
PhD Studentship Competition. This work is focused upon future planetary robots that will require
in-situ autonomous calibration should any damage occur to the robot due to a hard landing, or the
longer term effects of operating in a harsh environment. Task activities for a manipulator robot are
specified as a set of trajectory motions whose start, end, and (afew) intermediate locations are based
upon fixed (non damageable) robot lander structure ‘anchor’ points. Mapped onto these trajectories
are locations that a user wishes an arm to move to. The trgjectories are used to train an artificia
neura network so that it can generate the arm’s forward and inverse kinematics. Should the arm
become damaged, then using computer graphics NURBS based methods, new damage
compensating trajectories are created after visually servoing to the lander anchor points using an end
effector mounted stereo camera system. The ANN isthen re-trained using this new trgectory set.
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4. Adaptive Obstacle Stepping for a Walking Robot Upon Irregular Terrain, ESPRC ICASE PhD
Award with Dstl. This project is investigating adaptive obstacle stepping methods for a walking
robot whilst travelling over irregular terrain. A new hexapodal robot has been designed based upon
our original MAX (Moabile Autonomous heXapod) robot. Extensive simulation has been performed
as part of the design process, and the new robot will be able to walk at speeds of up to 0.64 nvsec,
and carry payloads of up to 3 Kg. A novel artificial neuro-endocrine approach is being investigated
for our new robot. A leg lift optimisation module consists of an ANN augmented with an ‘adrenal
gland’. The ANN performs the leg inverse kinematics, whilst the adrena gland influences the pre-
trained weights within the network by releasing an artificia ‘hormone’ when excited by leg/terrain
collisions. The resultant effect is increased leg lift when terrain collision is detected, which
subsequently decays when traversing less irregular terrain.

5. The Robot Planetary Scientist: Transferring Geologist Expertise to an Autonomous Robot
Using M achine L earning M ethods, MPhil Award. The long term aim of this study isto investigate
how machine learning methods might be utilised within the context of an autonomous planetary
robot ‘scientist’. Thiswork is in collaboration with the Space Research Centre at the University of
Leicester. Current work involves building natural terrain digital elevation models (DEMS) using
laser scanning technology mounted on a mobile robot platform. Helmert transform based range data
registration methods are being investigated so as ‘merge’ multiple DEMs acquired by a single robot.
Our terrain feature identification software can be applied to the resultant terrain DEM, and when
combined with robot motion and rock contact sensor data, a diorama can be generated that contains
information as to whether the terrain material is part of an outcrop or intervening detritus.

6. Entrainment, A Robotic Behavioural Control Paradigm, EPSRC PhD Award. This project is
studying how the physical phenomenon of entrainment can be utilised within the context of co-
operating behaviourally controlled mobile robots. Entrainment is being investigated as a possible
mechanism for multi-robot survivability and longevity. Oscillator communities with coupling that is
strong enough to overcome the differences in their natural frequency are ubiquitous in nature (e.g.
Asian fireflies, cardiac, respiratory and circadian rhythms), and the research question is focused
upon how such a natural phenomenon might be applied to the control of multiple co-operant mobile
robots? Experiments are being conducted using three of our ActivMedia's Pioneer mobile robots,
where each robot possesses a non-linear relaxation oscillator. Via RF communications, these robot
oscillators are coupled, and the frequency output from each oscillator is being used to drive the
robot’s motion behaviour. With the aid of our VICON infra-red camera based motion tracking
system, we can measure and observe the long term motion of each robot. Hilbert transform based
techniques alow us to determine the behaviour synchrony and phase relationship between each of
our robots.

7. Beagle 2 Mars Lander Simulation Modelling and Calibration. SRC Award. We have received
Beagle 2 ARM, PAW, lander base, and lander lid CAD data from Astrium and the Space Research
Centre (SRC), Leicester. This has been imported into a robot simulation software package to create
a virtual Beagle 2. This virtual Beagle 2 will be used during the mission so that engineers and
scientists can validate, and plan the operation of Beagle 2 on Mars, before commanding the real
Beagle 2 ARM to move. A stereo camera system (SCS) mounted on the PAW ‘end effector’ will
capture images of the Martian terrain, and software developed by Joanneum Research, Austria, is
able to convert this data into a 3D terrain DEM. When in this format, Martian terrain information
can be imported into the Beagle 2 virtual model, which will enable the scientiststo ‘fly’ around the
Beagle 2 virtua environment, and visualise rocks and the Martian surface, in their search for the
best sciencetargets. The virtual Beagle 2 model must be calibrated with the real Beagle 2, so that the
virtual and real ARM kinematics are identical. We have completed the generation of the virtual
Beagle 2 model, together with the necessary DM and FM ARM kinematics calibration. The SCS has
been calibrated relative to the ARM and PAW, thus enabling camera images to be obtained and
DEM data generated, for importing into the virtual Beagle 2 environment.
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8. Model Based Methods for Kinematics Fault Diagnosis and Remediation, EPSRC Award. This

project isin collaboration with the University of Aberdeen. The aim of the project is to investigate
how model-based reasoning methods can be used for kinematics modelling so as to facilitate fault
diagnosis, and fault remediation. A ‘deformable’ real 3 DoF desk top robot (designed and built by
ourselves), and our Beagle 2 Mars lander simulator software (Beagle 2 possesses a 5 DoF ARM),
will be used as case studies for this work. We are addressing the problem area of robot arm fault
diagnosis and recovery, and are focused upon the area of mechanical damage, its detection,
diagnosis, and where possible, its recovery. A number of manipulator qualitative representations are
being investigated. We seek to deliver results that are of generic value to the science areas of
qgualitative kinematics and model based diagnosis for robots operating in remote harmful
environments.

Planetary Aerobots: Imaging and Localisation Package for a Martian Balloon. European
Space Agency Contract. This project is to study and design an Imaging and Localisation Package
(ILP) for a Martian balloon. The package will allow optimal acquisition of images to reconstruct
accurate models of the surface of the explored planet, and accurate localisation of the balloon with
respect to the Martian surface. The ILP by means of aerobot mounted cameras and computer vision
techniques will: @ acquire and store images of the surface at various resolutions, b) construct and
update a 3D model (DEM) of the surface, ¢) constantly estimate the position (latitude, longitude and
altitude) of the aerobot as well as its motion with respect to the surface, and d) decide on the base of
the communications budget, of the morphology of the surface and of the information content of the
images, which images at which resolution/compression need to be transmitted to Earth.

UWA Space Robotics Team:

Dave Barnes - Head of UWA Space Robotics Team.

Gareth Bowker - Aerobot soaring.

Emmanuel Geneste - Aerobot environment sensing.

Julian Henley - Adaptive obstacle stepping for awalking robot upon irregular terrain.

Claire Rocks - Entrainment, a robotic behavioura control paradigm.

Andy Shaw - Terrain feature identification for localisation and navigation of planetary aerobots,
and Planetary aerobots. Imaging and Localisation Package for a Martian balloon.

Phil Summer s - Determination of planetary meteorology utilising aerobot flight control sensors,
and Planetary aerobots. Imaging and Localisation Package for a Martian balloon.

Eddie Taylor - Autonomous calibration of robot manipulatorsin remote environments, and Beagle
2 Mars Lander simulation modelling and calibration.

Robin Xu Zheng - The planetary robot scientist: transferring geologist expertise to an autonomous
robot using machine learning methods.

See page 4 for an image gallery of some of our projects.

For further information on the projects mentioned in this document please contact:

Dr. Dave Barnes,

Head of Space Rabotics.
dpb@aber.ac.uk
http://users.aber.ac.uk/dpb/

Page 3 of 4



07/07/2003

UWA virtual Beagle 2 model complete with terrain
DEM in foreground, and panoramic Martian backdrop
(‘Twin Peaks' image courtesy of NASA/JPL).

UWA early aerobot prototype being flown at the
European Space Agency (ESA) Planetary Test Bed
facility, ESTEC, Noordwijk, The Netherlands.

Simulator screen shot showing our ‘deformable’ 3
DoF arm. Each link can be twisted and bent and the
robot used to test our damage remediation algorithms.

Aerobot flight simulator showing MOLA terrain data
and head-up display. Lower image shows a plan view
of the aerobot flight path overlaid on Martian terrain.

Our family of ActivMedia Pioneer mobile platforms
used for research into robot survivability and longevity
mechanisms for multiple co-operating mobile robots.

Our MAX (Mobile Autonomous heXapod) robot. Now
alittle old (with afew dry joints!) and about to be
replaced with new and improved motorised mechanics.

Page 4 of 4



