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F ORE WO R D
Welcome to the UK-RAS White Paper
Series on Robotics and Autonomous
Systems (RAS). This is one of the core
activities of UK-RAS Network, funded by
the Engineering and Physical Sciences
Research Council (EPSRC). By bringing
together academic centres of excellence,
industry, government, funding bodies and
charities, the Network provides academic
leadership, expands collaboration with
industry while integrating and coordinating
activities at EPSRC funded RAS capital
facilities, Centres for Doctoral Training and
partner universities.
Our globe is getting increasingly vulnerable
due to both natural and manmade
disasters. Events such as earthquakes,
volcanic eruptions, tsunami, floods and
storms are unavoidable, religious and
political turmoils are fuelling regional
conflicts, and major pandemics are
spreading faster due to increasingly
connected world because of modern
transport and faster people movement.
Population change, urbanisation, and
climate change further exacerbate the
impact of these disasters. RAS plays an

important role in building robust emergency
response systems that can be exploited in
extreme environments, such as collapsed
infrastructure following an earthquake or
terrorist attacks, and in Polar Regions for
monitoring indicators of climate change.
This white paper outlines the global trends
in robotics for emergency response,
disaster relief and resilience. It covers the
current state-of-the-art and priorities, as
well as the roadmap for the future. It also
outlines the current industrial landscape and
synergies, UK strengths and opportunities
as demonstrated by some of the example
projects across the country. There are
extensive research issues and opportunities
for RAS, which include physical robustness,
reliable long-range communications,
dynamic and variable autonomy, security,
and control of multiple heterogeneous
robotic platforms.
The purpose of this white paper is to
outline the UK strategy and investment in
this critical area and recommend how to
work together to boost our international
competitiveness. The UK-RAS white

papers are intended to serve as a basis
for discussing the future technological
roadmaps, engaging the wider community
and stakeholders, as well as policy makers
in assessing the potential social, economic
and ethical/legal impact of RAS. It is our
plan to provide annual updates for these
white papers so your feedback is essential
- whether it be pointing out inadvertent
omissions of specific areas of development
that need to covered, or major future trends
that deserve further debate and in-depth
analysis.
Please direct all your feedback to whitepaper@ukras.org. We look forward to
hearing from you!
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EX E CUTI V E S UM M ARY
Global society depends on continuity of
service of critical systems. Events such
as earthquakes, volcanic eruptions,
tsunami, floods and storms destroy lives
and damage economies across the globe;
pandemics have the potential to bring
death and suffering on an unprecedented
scale; while climate change may increase
the severity of both natural and health
disasters. Critical systems deliver vital
services such as energy, transportation,
telecommunications, food and water,
and healthcare. The systems within these
sectors are increasingly complex and
interdependent, interacting at a global
scale, thereby making them susceptible
to catastrophic and cascading failure
under stress.
Consequently there is an urgent need to
ensure that more cost effective technologies
are developed to target disaster relief and
resilience internationally. It is clear that
Robotics and Autonomous Systems (RAS)
will play an increasingly important role
in future disaster relief and resilience by
decreasing costs, increasing capabilities,
reducing response times and improving
persistence as exemplified in the case
studies within this document.

In some niche areas, the massive growth
in robotics applications has already
started to take place. The latest aerial
robot technology is now able to provide
such high quality, stable imagery that it is
now routinely used by film, television and
broadcast companies and consequently
there has been explosive growth in the
number of organisations offering drone
related services in this sector.
It is clear that commercial opportunities
in this sector are huge and expanding.
In terms of research, the UK currently
has a strong network of active research
universities conducting genuinely worldclass basic research in areas such as
sensor technology, MEMS devices, battery
technology and artificial intelligence.
This whitepaper outlines the key challenges
and opportunities of RAS for extreme
environment. Key recommendations from
the analysis of the current RAS landscape
include:
1.	The Government should recognise the
needs of research organisations and
have a “fast-track” and more permissive
stance for aerial robot development
activities. This would mirror the very
successful “experimental” category the
US introduced for manned aircraft in
the 1960s.

2.	The UK should consider providing a
similar initiative to the FAA ASSURE
programme here in the UK.
3.	Consider introducing an Autonomous
Systems Specialist Advisory group
within the ATI.
4.	Consider the funding of government
agency-led Robotics trials to explore
the robustness of possible regulations
and to help foster the growing network
of SMEs.
5.	Recognise academic research as
a special case and provide a more
streamlined process for academic
access to Defence facilities where
possible.
Technology in this area, within the UK, is
at a tipping point with massive commercial
opportunities already being demonstrated.
Careful regulation and strategic stimulus
is required to ensure that the UK has a
significant impact in the use of, as well as
the design, development and manufacture
of Robotic and Autonomous Systems
services and solutions.
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Global society depends on continuity of service of
critical systems that deliver vital services such as energy,
transportation, telecommunications, food and water,
the built environment and healthcare.
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Our globe is getting increasingly vulnerable due to both natural and
manmade disasters. Events such as earthquakes, volcanic eruptions,
tsunami, floods and storms are unavoidable, religious and political
turmoils are fuelling regional conflicts and major pandemics are spreading
faster due to an increasingly connected world, because of modern
transport and faster people movement. Population change, urbanisation,
and climate change further exacerbate the impact of these disasters.
RAS plays an important role in building robust emergency response
systems that can be exploited in extreme environments, such as,
collapsed infrastructure following an earthquake or terrorist attacks,
and in Polar Regions for monitoring indicators of climate change.
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1 . G L O BA L C H AL L EN G E S
Society faces global challenges that impact on our health,
wellbeing and way of life. This whitepaper explores the potential
for robotics and autonomous systems to:
• Help us cope with natural hazards and disasters
• Improve the resilience of our critical systems
Natural Hazards and Disasters
Events such as earthquakes, volcanic eruptions, tsunami,
floods and storms, destroy lives and damage economies across
the globe; pandemics have the potential to bring death and
suffering on an unprecedented scale; while climate change may
increase the severity of both natural and health disasters.
In 2010, 263 million people were affected by disasters – 110
million more than in 2004, the year of the Asian tsunami. It is
likely that more people, particularly in developing countries,
will be affected by humanitarian emergencies in the coming
decades. There are many reasons for this, including:
• rapid population growth, especially in disaster-prone areas;
•	continued mass urbanisation, much of it unplanned
and unsafe;
•	climate change and its effects on sea levels, global rainfall
and storm patterns.
Disasters operate at a number of spatial and temporal scales.
Some may happen suddenly, be localised and require a fast
response. Some disasters, however, such as sea level rise or
changes in weather patterns may be very long term in both
inception and effect. Disaster prevention and the prediction of
change over large areas and over long time periods is a major
aspect of these research challenges.

Resilience of our Critical Systems
Global society depends on continuity of service of critical
systems. Critical systems that deliver vital services such as
energy, transportation, telecommunications, food and water,
the built environment and healthcare. The systems within
these sectors are increasingly complex and interdependent,
interacting at a global scale, thereby making them susceptible
to catastrophic and cascading failure under stress.
To address some of these issues, there is an increasing
focus on lifecycle management of systems, where the value
proposition is based on how these systems improve safety and
quality of life in society whereas previously it was sufﬁcient to
commission and design infrastructure not to fail. The challenges
in resilience and sustainability, require a need to adopt more
advanced methods of engagement with these manmade
and natural “assets”, to optimise the ability to deliver resilient
management. Robotics and autonomous systems, equipped
with advanced instrumentation and analytics, will represent the
future of resilience management.
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Disasters operate at a number of spatial and temporal scales.
Some may happen suddenly, be localised and require a fast
response. Some disasters, however, such as sea level rise or
changes in weather patterns, may be very long term in both
inception and effect. Disaster prevention and the prediction of
change over large areas and over long time periods, is a major
aspect of RAS research challenges for extreme environments.
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2. C
 URRENT STATE OF THE ART AND
PRIORITY CHALLENGES
Global society is either unwilling or unable to devote sufficient
resources to these challenges. In 2015, for example, £13bn
was spent worldwide on the response to humanitarian
disaster relief yet this is only a third of the amount the world
spends on yoghurt, for instance, and is dwarfed by the £2tn
spent on arms. Consequently there is an urgent need to
ensure that more cost effective technologies are developed
to target disaster relief and resilience internationally.
It is clear that Robotics and Autonomous Systems will
play an increasingly important role in future disaster relief
and resilience by decreasing costs, increasing capabilities,
reducing response times and improving persistence as
exemplified in the case studies within this document.
This revolution is already underway and aerial robots are
already saving lives. According to a recent report at least
59 lives have been directly saved by drone systems in 18
different incidents in 20161. These included floods, fires,
snow, rising tides and other emergency incidents.

Spring 2017, ISSN 2059-2876.

1

Drone magazine; issue 19, Spring 2017, ISSN 2059-2876
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3. ROADMAP FOR THE FUTURE
The consumer electronics revolution and in particular, the
development of smart phone technology, is driving down
technology costs in key areas. Current robotic systems are
able to exploit this and use low cost MEMS (Micro-ElectroMechanical Systems) devices, such as mass market position
and attitude sensors, making delivery of near military-level
capabilities at a fraction of the cost.
In some niche areas the massive growth in robotics
applications has already started to take place. The latest
aerial robot technology is now able to provide such high
quality, stable imagery that it is now routinely used by film,
television and broadcast companies and consequently there
has been explosive growth in the number of organisations
offering drone related services in this sector.
However, many challenges remain and intensive research is
required in the following critical areas:
• Autonomy. Currently robots need a high degree of
human supervision and control. In the automotive sector
the “self-driving car” has now been demonstrated to
be feasible. However, even the most sophisticated
automotive research platforms have difficulty dealing with
the effects of changes to the road-scape as a result of
snow, rain, and lighting changes. Much further research
is required in the area of goal-directed robots and robot
control systems which can deal with uncertainty and
unplanned events.
•	
Sensors. In order to respond to their environment robots
need to be able to sense their surroundings. It has been
estimated that a human, for example, has sensors that
can generate 1-2 Gigabytes of data per second

through a combination of sight (1250 Mb/s), touch
(125 Mb/s) hearing/smell/taste (15Mb/s). Even the most
sophisticated military robots are unable to manage even
a fraction of this sensing fidelity, resolution and coverage.
Better, cheaper, more reliable sensor technology will also
demand extremely fast signal processing hardware
and software to make sense of surroundings at near
real-time speeds.
•	
Communications. As our robotic systems become
more distributed so the need for higher bandwidth and
more secure communications becomes more pressing.
This is particularly acute for “Beyond Line Of Sight”
(BLOS) operations where latency, cost and reliability of
satellite links is an issue. Underwater applications where
communication at tiny bandwidths of even a few hundred
meters is a huge challenge.
•	
Energy storage and management. The endurance
of current “state of the art” battery powered rotary
wing aerial robots is of the order of 20-30 minutes.
Similarly maritime robots have severely limited range
and endurance due to current battery technology.
Research in the field of new battery chemistry, hybrid
propulsion, energy harvesting and solar power harvesting
is all leading to important developments that will help
accelerate the robotics revolution.
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4. I NTERNATIONAL
COORDINATION

5. THE 6 Ds

The potential for Robotics and Autonomous Systems has
been recognised and has led to the creation of organisations
such as UAViators (http://uaviators.org/), a highly influential
Humanitarian UAV network. This network now has over
2,800 members in over 120 countries and produces a “live”
world crisis map shown below.

The traditional 3 Ds of Dull, Dirty and Dangerous, have,
in the past, been high priority activities from which it is
particularly desirable to physically remove a human with the
exploitation of robotics technology. Recent robotics research
has extended this to include other task characteristics
including:

We Robotics (http://werobotics.org/) is an organisation that
is building a global network of labs where people accelerate
and scale the impact of their humanitarian aid, global
development and environmental protection efforts using
appropriate robotics solutions.

• Demanding (i.e. beyond the skill of direct human control);
•	Distant (i.e. avoiding the logistics problem of having to
transport human workers);
• Distributed (i.e. allowing agile and scalable deployment).

In 2016 EU Humanitarian Aid funded a survey of the
use of unmanned aerial vehicles (UAV) for humanitarian
response. In total, close to 200 disaster responders
working in 61 different countries took part in what is the first
comprehensive survey of how humanitarian professionals
view drones. The survey shows that a substantial majority of
respondents (60%) believe that drones can have a positive
impact in disaster response operations (https://europa.eu/
capacity4dev/innov-aid/blog/survey-most-humanitariansfavour-use-drones-disaster-zones).

Dull

Distributed

Dirty

Distant

Dangerous

Demanding

FIGURE 1:
World Crisis Map showing International problem incidents (UAViators).
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6. U
 K OPPORTUNITIES
AND STRENGTHS

7. INDUSTRIAL LANDSCAPE
AND SYNERGIES

International robotics start-up companies have experienced
exponential growth in recent years. Dà-Jiãng Innovations
Science and Technology Co (DJI), for example, is a Chinese
company that is now the leading supplier of civil aerial
robots, with a 2016 revenue of over £1 Billion. There are
a number of similar companies including Parrot (France),
Yuneec (Hong Kong), Sensefly (Switzerland) Insitu (US) and
Kespry (US). It is clear that commercial opportunities in this
sector are huge and expanding.

The market for drones in business - from transporting goods
to servicing ships and filming TV shows - could be worth
$127.3bn (£88bn) and the UK is destined to play a major
part, new research reveals2.

In terms of research, the UK currently has a strong network
of active research universities conducting genuinely world
class basic research in areas such as sensor technology,
MEMS devices, battery technology and artificial intelligence.
Furthermore, the UK has a number of internationally leading
research institutes with a global perspective of application
focussed research including the British Antarctic Survey
(BAS), the National Oceanographic Centre (NOC), and the
National Centre for Atmospheric Science (NCAS).

The UK has a growing network of small, highly innovative
companies in this sector that are well connected with
UK universities and in many cases grew out of university
research. Examples of these include;
•	Autonomous Surface Vessels (ASV), based in Portsmouth,
manufacture Unmanned and Autonomous Marine
Systems operated in over 10 countries.
•	Planet Ocean, based in Surrey manufacture maritime
sensors and micro ecoSUB Robotics micro AUVs
(Autonomous Underwater Vehicles).
•	Callen Lenz, based in Salisbury, and its subsidiary
SkyCircuits specialise in manned and unmanned aircraft
operations and technology.
•	DroneX, based in Bristol, manufacturing novel rotary
wing aerial robots.
•	QUESTUAV, based in Northumberland, producer
of fixed wing autonomous surveying systems.

2

http://www.cityam.com/240664/uk-set-for-take-off-in-drones-forbusiness-industry-worth-billions May 2016

9 // Extreme Environment Robotics

8. GLOBAL VISION

9. E
 XAMPLES OF CURRENT
RESEARCH PROJECTS

The vision for earth and critical infrastructure health
monitoring, is one of a connected network of observational
assets, stretching deep into the most inhospitable
environments for disaster prevention and community
resilience. Over recent years the EPSRC-RAS (Engineering
and Physical Sciences Robotics and Autonomous Systems)
network has made significant strides in terms of developing
the enabling platforms. The end nodes of this network,
include a low cost, long range maritime surveillance aircraft,
a 3D printed ‘eye-in-the-sky’ tested by the Royal Navy for
ice field scouting in the Southern Ocean and a ‘shower
of sensors’ research project designed to observe the allimportant ocean-atmosphere interactions that have such
a significant impact on earth’s climate. The UK community
is now proposing to push out the edges of this network
using connected underwater platforms, which, via an Iridium
satellite link, are able to stream back observational data from
the top 500m layer of the ocean. At under £10k each, these
platforms break new ground in oceanographic observations
– their unprecedented low cost (compared to the often
seven-figure costs of larger autonomous underwater
vehicles) enables the routine expansion of RAS networks
into some of the harshest environments on the planet.

The various members of the EPSRC-RAS network are very
active in research associated with Emergency Response,
Disaster Relief and Resilience. Below are some examples
of current projects:
• Project OPSARS
• Search and Rescue
• AWRA
• HOME Offshore
• The Oilfield as a Smart Space
• AVARS
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PROJECT OPSARS
OCEANOGRAPHY AND POLAR SCIENCE THROUGH AGILE ROBOTIC SYSTEMS
(UNIVERSITY OF SOUTHAMPTON)
The University of Southampton is
investigating the feasibility of the rapid
deployment of oceanographic and
polar science instruments through an
unmanned system comprising aerial
and marine vehicles. This offers a
step change in range and speed of
deployment over current capabilities
of comparable costs. A generic
OPSARS system will consist of a long
range Unmanned Air Vehicle (UAV),
which delivers a light Autonomous
Underwater Vehicle (AUV) to a pre-

determined location, where the AUV
is deployed (the UAV performs the
deployment in-flight). This enables
the rapid long-range deployment of
the AUV to remote or inaccessible
locations, including cracks in the
Arctic ice. The UAV then returns to
base, performs an aerial survey or
holds on station above the deployment
area, acting as a communications relay
platform, while the AUV conducts an
underwater survey or intervention.

FIGURE 1:
OPSARS test release from SPOTTER UAV.

FIGURE 2:
The ecoSUBµ AUV developed by the National
Oceanography Centre and ecoSUB Robotics
Ltd.

FIGURE 3:
ecoSUBµ attached to the SPOTTER aircraft.

FIGURE 4:
Engineering mockup of ecoSUBµ undergoing
flight tests on board SPOTTER.
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SEARCH AND RESCUE
(UNIVERSITY OF LEEDS)
In an emergency scenario, deployment
time and response speed is crucial
for the success of the rescue mission.
Having good situational awareness
allows the first responders to make
better informed decisions that may
save lives. In addition, sending a
robot into a dangerous and unsafe
environment to search for survivors
reduces the risks currently taken by
manned search and rescue teams.

and ground capabilities into a single
deployable unit. The system uses a
small agile ground robot carried by a
multirotor type aircraft. The aircraft and
the ground robot are equipped with
similar sensor suite: camera, LIDAR
and thermal sensors. The ground robot
is transported by the aircraft into the
heart of the disaster bypassing any
potential ground obstacles and debris.

the air while the ground robot performs
similar actions on the ground and in
locations unreachable by the aircraft.
The ground robots’ small size and
agility allows it to move swiftly into
buildings to search for the survivors
while at the same time mapping the
environment. The cooperation between
these robots gives us a clear view of
the inside of the danger zone and a
good model of the damage so that the
first responders can plan their actions
safely.

The approach taken by the University of
Leeds is to create a rapid deployment
system that combines both aerial

Once the deployment location is
reached, the aircraft will release the
ground robot and begin searching for
survivors and mapping the area from

FIGURE 1:
Combined system flying into the
damaged building.

FIGURE 2:
Combined system flying inside the
damaged building.

FIGURE 3:
Combined system going into the
danger zone.

FIGURE 4:
UAS performing search and mapping
after releasing the ground robot.

FIGURE 5:
Ground robot performing search
and mapping in the danger zone.
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AWRA
ADVERSE WEATHER RESEARCH AIRCRAFT
(UNIVERSITY OF SOUTHAMPTON)
The AWRA (Adverse Weather Research
Aircraft) was developed with funding
from Northrop Grumman, as part of
a collaboration with the University of
Missouri, Kansas City. Its mission is to
enable a better understanding of the
structure of severe weather events, such
as tornadoes and hail cells. It achieves
this by delivering instrument packages
capable of temperature, pressure and
humidity profiling, into the storm cell/
tornado, where the deployment of
conventional systems (such as weather
balloons) is not practical. The electrically
powered aircraft has a very high power
to weight ratio, which allows vertical

FIGURE 1:
AWRA mission summary.

take-off (from, say, the roof of an
emergency response vehicle) and a
high speed dash, which is essential
in terms of monitoring high intensity,
transient events.
This project is being conducted in
collaboration with the University of
Missouri, Kansas. The aim is to insert
sensor packages directly into the eye of
Tornado to permit better understanding
of their physics and behavior. The
University of Southampton is
responsible for the unmanned delivery
aircraft and the sensor packages
themselves.

FIGURE 2:
AWRA aircraft and vertical take-off test and
sensor deployment.
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HOME-OFFSHORE
HOLISTIC OPERATION AND MAINTENANCE FOR ENERGY FROM OFFSHORE WIND FARMS
(HERIOT WATT UNIVERSITY)
Offshore turbine and windfarm
maintenance is already a significant
industry, with a potential for huge
growth in the UK, Europe and worldwide. Much of it is based on manual
intervention however. In addition to
the 5000MW of offshore wind already
installed, a further 12,000MW is in
construction or has planning approval,
with as much as 23,000MW to be
added to this in the foreseeable
future. Newer-build installations are
increasingly farther offshore, with
greater and more costly maintenance
challenges. According to the Crown
Estate 80-90% of the cost of offshore
Operation and Maintenance (O&M)
is typically a function of accessibility
during inspection – the need to
get engineers and technicians to
remote sites to evaluate a problem
and decide what remedial action to
undertake. Minimising the need for
human intervention offshore, is a key
route to maximising the potential,
minimising the cost and improving
safety for this aspect of offshore
low-carbon generation. As the Crown
Estate has identified: ‘There is an
increased focus on design for reliability
and maintenance in the industry in
general, but the reality is that there is
a still a long way to go. Wind turbine,
foundation and electrical elements
of the project infrastructure would
all benefit from innovative solutions
which can demonstrably reduce O&M
spending and downtime’. Recent, more
detailed, academic studies and industry
statements by DNV GL, one of the
leading international certifiers for this
technology support this position.

The wind farm is a system-of-systems
consisting of the wind turbines, the
collection array and the connection
to shore. This system consists of
electrical, mechanical, thermal and
materials engineering systems and their
complex interactions. Data needs to be
extracted from each of these, assessed
as to its significance and combined
in models that give meaningful
diagnostic and prognostic information.
A comparison of the current and future
approach to offshore energy system
resilience is illustrated below.

FIGURE 1:
Heriot-Watt Ocean System Laboratory,
Autonomous Underwater Vehicle.

In the case of Offshore wind turbines,
the future system represents a
hybrid approach to operation and
maintenance, that will provide access
to previously inaccessible information
and enable a new capability in remote
human interaction with these offshore
assets. For example AUVs, such as
shown below, will be equipped with
advanced sonar technology for subsea
power cable integrity monitoring.
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THE OILFIELD AS A SMART SPACE
(HERIOT WATT UNIVERSITY)
Oilfields operating in up to 2,000m
of water are now a routine reality in
remote locations off Africa, Gulf of
Mexico, South America and west of
the Shetland Islands. They typically
comprise a dozen or more oil wells
connected by flowlines in a single
field, with oil recovered to a Floating
Production, Storage and Offloading
(FPSO) ship permanently moored.
Although manned, they are operated
and monitored remotely from locations
such as London or Houston. Fibre
optic telemetry connects all submerged
assets, with terabytes of operational
data (pressures, temperatures,
voltages, states, video) recovered
to local servers and available on-line
through mouse-based point and click
hierarchical graphical user interfaces.
Also, new generations of hover capable
Autonomous Underwater Vehicle
(AUV) are starting to be operated
commercially for inspection, repair
and maintenance, underpinned by
disruptive business cases that reduce
cost and risk.

In parallel, underpinning research
programs (e.g. persistentautonomy.
com) are studying advanced techniques
in world modelling, planning and skill
learning to further develop the cognition
of autonomous underwater vehicles
to operate in unexpected situations.
Foundational developments from
psychology are also developing novel,
integrated technologies to support
human experience, analysis and
understanding of very large datasets
(e.g. ceeds-project.eu), and to provide
social, multi-modal fusion and fission
dialog and interaction techniques (e.g.
parlance-project.eu. homepages.inf.
ed.ac.uk/rpetrick/projects/james/).

repair, detect and respond to unusual
or crisis situations (e.g. 2012 Deep
Water Horizon, Gulf of Mexico) and to
understand component condition to
maintain system integrity and health.
Large volumes of data are generated,
archived and interrogated in real-time
to maintain the situational awareness
of the operators for effective decisionmaking at a variety of time constants
and scales.

Such developing science and
infrastructure is creating the
opportunity for oilfields of the future
to be smart spaces. The submerged
assets (wellheads, manifolds,
risers), the FPSO, the AUVs and the
operators must interact and work
synergistically to monitor the state
of the field, intervene to inspect and

FIGURE 1:
Interaction between people, data, robots:
Condition monitoring as part of Life of Field
asset integrity.
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AVARS
ACTIVE VOLCANO ASSESSMENT & REMOTE SENSING
(UNIVERSITY OF BRISTOL)
Vocán de Fuego in Guatemala is an
active volcano, with typical activity
consisting of small eruptions up
to 4 times an hour. Paroxysms,
characterised by extended 24-hr
periods of continuous activity, occur
every 3-4 weeks and involve both
lava fountains and lava flows. Lava
tends to flow down channels in the
flank of the Volcano called Barrancas,
and can threaten the lives and
livelihood of up to 60,000 people who
live in the area surrounding Fuego.
Large and violent eruptions, called
pyroclastic flows, occur occasionally
and the most recent of these was
in early May 2017. These involve
large amounts of matter being
violently ejected from the summit
and often filling the previously formed
Barrancas. This activity is extremely
dangerous and adds an additional
element of risk to the people who live
in the vicinity.

The University of Bristol Flight Lab
is working alongside INSIVUMEH,
University of Cambridge and
University of Bristol Earth Sciences,
to develop an Active Volcano
Assessment & Remote Sensing
(AVARS) capability. Using a
combination of long-range fixed wing
and multi-rotor UAVs, the team have
been able to conduct several proofof-concept flights to the summit
of Fuego in order to collect data &
imagery, already providing a valuable
insight into the activity and crater
morphology over the course of a
paroxysm cycle.
Using a combination of gas sensors,
ash/particle collectors, and cameras

for photogrammetry, the team expect
to continue building up scientific
knowledge regarding Fuego over
the course of several future trips.
Autonomous catapult deployment
and reliable, consistent flight missions
are being fine-tuned in order to get
regular imagery of the crater, with a
frequency of approximately 24hrs.
The implementation of this system
should provide an excellent indicator
of superficial changes and belowsurface activity.
A short video explaining the work to
date and future research plans can
be found at https://www.youtube.
com/watch?v=r6AQR8VQl-s.

A Guatemalan institute, INSIVUMEH,
has seismic sensing early-warning
systems in place in order to evacuate
as many people as possible when
these large periods of activity appear
likely. The violent and dangerous
conditions presented by Fuego
- combined with its proximity to
a substantial population – offer a
significant risk to local inhabitants of
the area. Developing an increased
understanding of Fuego should
improve local early-warning systems,
and will give the scientific community
access to previously inaccessible
data sets.
FIGURE 1:
View from Long Range Fixed Wing UAV after a recent gas & ash emission.
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FIGURE 2:
Fuego summit eruption captured from Long
Range Multirotor.

FIGURE 3:
Photogrammetry techniques meant that the summit topology could be accurately compared
between flights on two separate days. The increased dome volume on the 23rd preceded a
Paroxysm which commenced on the 24th of Feb.

FIGURE 4:
Overflights of a local Barranca meant a Detailed Elevation Model (DEM) could be extracted and
the topology of the floor could be analysed. These valleys are the primary lava-flow channels and
their shaping can have a significant impact on the likelihood of lava overflow and consequently
settlement impact.
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1 0. RE COM M EN DATIO N S
REGULATIONS

INDUSTRIAL/ACADEMIC RESEARCH

Recommendation 1. The Government should recognise
the needs of research organisations and have a “fasttrack” and more permissive stance for aerial robot
development activities. This would mirror the very successful
“experimental” category the US introduced for manned
aircraft in the 1960s.

Recommendation 3. Consider introducing an Autonomous
Systems Specialist Advisory group within the ATI.

Regulation of an emerging technology needs to be
undertaken with extreme care in order to avoid unintended
consequences. For example, following the growing use
of automobiles in the UK the government introduced the
1865 red flag act which required each vehicle to have three
operators, be limited to 4 mph on the open road, (2 mph
in towns), and be preceded by a man waving a red flag.
In France, however, the government was more supportive
and enlightened. The French government introduced more
sophisticated “light-touch” regulations and by 1903 France
became the world's leading automotive manufacturer,
producing 49% of world’s cars.
The EPSRC-RAS network was therefore pleased to
participate in the recent DfT consultation on the safe
use of drones in the UK. The RAS network responded
with suggestions concerning registration of drones, the
permission process and sharing of good practice. There is
a need to ensure that the specific needs of academia are
taken into account in future regulation.
Recommendation 2. The UK government should consider
providing a similar initiative to the FAA ASSURE programme
here in the UK.
It is of note that, unlike the UK Civil Aviation Authority, the
US Federal Aviation Authority (FAA) has funded an extensive
multi-university research activity called ASSURE specifically
exploring regulations through actual experimentation
and testing.

There needs to be stronger recognition of and emphasis on
robotics research from the Department for Business, Energy
& Industrial Strategy (BIES). For example, the BEIS funded
Aerospace Technology Institute (ATI) has nine specialist
advisory groups, none of which explicitly covers the growing
area of Autonomy/UAVs. This seems at odds with innovate
UK which does emphasise the importance of Robotics
and Autonomy. There is an emerging disconnect between
the large, understandably conservative UK Aerospace and
Defence companies within the ATI and the growing SME
network which has weak representation within such bodies.
In the UK 60% of all private sector employment is within
SMEs and they are therefore important.
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1 1 . S U MMA RY
POLICY
Recommendation 4. Consider the funding of government
agency-led Robotics trials to explore the robustness of
possible regulations and to help foster the growing network
of SMEs.
In the 1920s US postal franchises stimulated the early
growth of the US airline industry and led to the gestation of
giants such as Boeing and Lockheed. There are a number
of areas where a similar initial funded stimulus would be
beneficial. This could include the pioneering/trials use of
robotic systems by government agencies such as the
Environment agency (flood monitoring and coastal erosion)
Forestry Commission (surveying/monitoring) Maritime &
Coastguard Agency (Coastal monitoring).
Recommendation 5. Recognise academic research as a
special case and provide a more streamlined process for
academic access to Defence facilities where possible.
The Ministry of Defence (MOD) is one of the UK’s largest
landowners with some 600,000 acres, consisting of some
4000 built and rural sites. There are many potentially useful
areas where robotic testing could be carried out in a secure
manner. It is, however, difficult for academic research
establishments to gain access to these, often under-utilised
assets. Academic research establishments cannot afford
the standard commercial rates for Defence property that are
starting to emerge as a barrier to use.

Technology in this area, within the UK, is at a tipping point
with massive commercial opportunities already being
demonstrated. Careful regulation and strategic stimulus is
required to ensure that the UK has a significant impact in the
use of, as well as the design, development and manufacture
of Robotic and Autonomous Systems services and solutions.
The role of universities in providing an academic pipeline of
trained and motivated young people needs to be recognised
in order to deliver future innovators and industry champions.
The UK has considerable influence internationally through
a strong overseas aid budget (it is consistently in the top
3 contributor countries), the charitable sector and full
involvement in international bodies such as United Nations,
United Nations Children's Fund (UNICEF) World Food
Programme (WFP) and World Health Organization (WHO).
It is in a strong position to demonstrate how robotics
technology can lead to cost effective impact in Emergency
Response, Disaster Relief and Resilience. It is crucial
therefore that the UK supports highly influential research,
demonstrations and underlying fundamental research in
this area.
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Research in RAS for extreme environments is at a
tipping point with massive commercial opportunities
already being demonstrated. Careful regulation and
strategic stimulus are required to ensure that the
UK has a significant impact in the use of, as well as
the design, development and manufacture of RAS
services and solutions.
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