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We’re changing the world with our pioneering space research, 
comprehensive space-enabled technologies, world class testing 
facilities, cutting-edge collaborations and unique opportunities 
for students, researchers and industry partners
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As an alumnus of the University of Southampton, and 
a graduate in Aeronautics and Astronautics, I am very 
pleased to be able to introduce this brochure. A lot 
has changed since my time in Southampton, but what 
has not changed is the determination to constantly 
develop world-leading capabilities in teaching, 
research and entrepreneurship, which has marked 
the University out as one of the UK’s top academic 
institutions in knowledge exchange and spin-outs.

This brochure provides a fantastic overview of the 
incredible facilities on offer to students and researchers in 
the space sector, and contains fascinating case studies of 
space-enabled capabilities with the potential to improve 
our lives, protect the planet and boost the economy.

I hope you will be as impressed as I was in reading 
the brochure to see the range of space industry 
collaborations. These bring the benefits of excellent 
scientific research into technology applications that can 
be exploited to help address global challenges like societal 
security, climate change, ecological protection and closing 
the gap between rich and poor.

WELCOME TO OUR 
SPACE AT SOUTHAMPTON 
2021 BROCHURE

I am particularly impressed with the work of the SPRINT 
consortium, and applaud its support to the UK’s small and 
medium sized enterprises (SMEs). The growth of the UK’s 
dynamic space sector is built on collaborations between 
large companies and leading universities, SMEs and new 
space start-ups. A vibrant SME community is essential to 
the health of the UK’s high value industrial future, and for 
companies like Thales, SMEs offer crucial access to fast-
paced innovation and new ideas.

Companies both large and small rely on the pipeline of 
talented students who form our future capability. Their 
enthusiasm, dedication and university training will be 
crucial in meeting the pressing need to protect our climate 
and the environment, as well as improving the security and 
resilience of our society.

Through our Thales Alenia Space business, we deliver 
solutions for telecommunications, navigation, Earth 
observation, climate monitoring, environmental 
management, exploration and science. I am thrilled to see 
examples of Southampton’s contribution to many of these 
areas within this brochure. Behind every one of these 
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exciting advanced space programs and missions are teams 
of inspiring people, bursting with ideas and innovations 
that impact our lives and help build our futures. 

I know that you will be as encouraged as I was in reading 
about the role that Southampton researchers and students 
are playing in helping to set the UK’s course through space. 
For those of us who remember the breath-taking progress 
of the space pioneers, and who marvel at the ingenuity 
of our exploration of the solar system and appreciate the 
incalculable contribution of space systems to life on our 
planet, please read and be inspired. The opportunities to 
become part of the continuing journey are shown to be 
made possible through the examples contained in this 
document. They show how the community of innovators 
both within SPRINT and the University of Southampton are 
seizing opportunities to get involved. I urge you to join them.

Alex Cresswell
Chief Executive Officer and Chairman of Thales UK 



4

THE FUTURE’S
 BRIGHT

SPRINT-ING AHEAD  
WITH SPACE-RELATED RESEARCH
SPRINT, the SPace Research and Innovation 
Network for Technology, is a unique 
partnership between five top UK space 
universities, industry, government agencies 
and the investment community. 

The consortium, led by the University of 
Leicester, is made up of the University of 

Southampton, the University of Edinburgh, 
the Open University, and the University of 
Surrey. It is funded by Research England 
(Connecting Capability Fund) and the UK 
Space Agency and is dedicated to supporting 
the growth of small to medium enterprises 
in the UK through the commercial 
exploitation of space data and technologies.
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THE FUTURE’S
 BRIGHT

The University of Southampton has an exciting future in all areas of space 
development and research. 

Our research activity and international collaborations across the space sector place 
us squarely at the forefront of the constant developments in the UK and worldwide. It 
is an area we are consistently growing and developing as a University, helping to boost 
the Government’s target to grow its share of the global space sector from 6.5 per 
cent to 10 per cent by 2030.

The University is a member of the new 
South East Space Hub consortium, led 
by the EM3 Local Enterprise Partnership. 
The consortium received funding worth 
£70,000 from the UK Space Agency in 
2020 to develop the strengths in the area’s 
space industry cluster. Hub activities will 
complement other space clusters in the 
UK, such as Harwell and Leicester, and 
create opportunities to build relationships 
with them. Knowledge exchange is key, and 
translating research into industry impact and 
stimulating new academic activities based 
on industry needs will be a major focus, 
along with skills brokerage and engaging 
with key industry stakeholders to look for 
collaborative opportunities.

Researchers from Southampton continue 
to contribute to space policy white papers. 
Dr Franklin Nobrega, from the School of 
Biological Sciences, wrote a piece for Why 
Space? The opportunity for Health and Life 
Science Innovation (Section 25 p85). The 
report, published in 2021, was co-developed 
by the UK Space Life and Biomedical Science 
Association, with the help of the Health 

and Life Sciences, and Space research and 
development communities. The report 
outlines the opportunities for the UK’s 
Health and Life Science sector to engage 
with the Space sector. 

Professor Hendrik Ulbricht, from the  
School of Physics and Astronomy, has played 
a key role in the European Space Agency’s 
(ESA’s) 2021 Roadmap for Fundamental 
Physics in Space. After two years’ work, 
the Roadmap’s working group sought 
community engagement before it was 
published in early 2021. 

The University is part of the UK delegation 
to the United Nations Committee on 
the Peaceful Uses of Outer Space and is 
represented on the Board of the South 
Coast Centre of Excellence for Satellite 
Applications. The University’s academic 
engagement with NASA includes pioneering 
work investigating the effects of space flight 
on muscle tone.

CORNERSTONE – a rapid prototyping 
foundry for silicon photonics – is an exciting 

space-related enterprise capability at the 
University of Southampton. 

Companies that build payloads for 
satellites, for example, need miniaturisation 
of their prototypes to enable them to  
be both lightweight and to fit as much  
as possible into as small a package as  
possible. Integrated photonics allows them 
to do this.

CORNERSTONE uses the University’s 
cleanrooms complex within the Zepler 
Institute for Photonics and Nanoelectronics 
and is led by Graham Reed, Professor of 
Silicon Photonics. 

It operates as an open source multi-project-
wafer foundry specialising in fabricating 
silicon photonics devices using both DUV 
and e-beam lithography. The platform is 
designed to enable seamless scaling-up to 
production volumes while also retaining 
device level innovation capability and 
flexibility in its process flows, making it 
ideal for trying innovative designs, or to 
evaluate new photonic circuits.
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Active research groups include Plasma 
and Space Science, headed by Professor 
Stephen Gabriel. Focus areas include gridded 
ion engines, pulsed plasma thrusters, beam 
neutralisers and plasma diagnostics. The 
group runs the Tony Davis High Voltage Lab, 
which includes a number of vacuum facilities 
allowing an extensive thruster performance 
testing and a detailed plasma characterisation.

What are spacecraft of the future going 
to be made of? The Materials Research 
Group’s work – which includes additive 
manufacturing, future manufacturing and 
processing, and advanced characterisation of 
structural materials – has many applications 
in aerospace. The group’s facilities are hosted 
in specialised laboratories: the µ-VIS X-ray 
Imaging Centre (part of the UK’s National 
Research Facility for X-ray CT), the Testing 
and Structures Research Lab, the Engineering 
Materials Lab, the Healthcare Technology Lab, 
and Electron Microscopy.

The Optical Engineering and Quantum 
Photonics Group specialises in developing 
and manufacturing optoelectronic devices 
for applications in quantum technology, 
integrated optical sensors and laser optics. 
The group is involved in developing photonic 
devices for quantum science and technology, 
sensors for extreme environments and 
parametric materials for wavelength 
conversion. The group has developed 
components for use in harsh environments, 
either in space or on the ground, via three 
Innovate UK-funded projects – Gravity 
Pioneer, CASPA (Cold Atom Space Payload) 
and QT Assemble. 

Work in the Astronautics Group covers 
fundamental and applied research in spacecraft 
engineering. Expertise includes: space 
environment, space debris, space propulsion, 
remote sensing, spacecraft structures, 
and space systems engineering. Facilities 
include the David Fearn Electric Propulsion 
Laboratory, which simulates space in low Earth 
orbit allowing for the testing of spacecraft 
components and satellite ion thrusters.

The Space Environment Physics Group 
looks at the natural space environment, 
from the solar wind down to the upper 
levels of the atmosphere of Earth and other 
planets. Key aspects of the group’s work are 
driven by understanding the fundamental 
science, especially around the aurora and 
how the Earth’s magnetosphere behaves. 
Research in these areas provides the basis for 
understanding the space environment, and 
our ability to predict space weather.

The Microbiology Research Group, part 
of the National Biofilms Innovation Centre, 
has the expertise to examine the effects 
of the space environment on plants. The 

group is proposing to work alongside other 
agricultural experiments running on the 
International Space Station. To seriously 
consider human colonisation of near-
Earth and deep space, every aspect of our 
ecosystem – including biofilms – needs to 
be examined, as agricultural capacity will 
be crucial for long-term survival. Swabs will 
be collected from plant species routinely 
touched by human hands and returned 
to Earth for genome sequencing. A better 
understanding of what happens to them 
will help to prevent a reduction in yield and 
contamination by foodborne pathogens. 

CORMSIS – the University’s Centre for 
Operational Research, Management Sciences 
and Information Systems – is one of the 
largest groups of its kind in the UK. It spans 
Mathematical Sciences, Health Sciences and 
Southampton Business School and features 
expertise that has fed through to the space 
arena. For example, CORMSIS members have 
worked with ESA, Airbus Space and other 
partners to develop algorithms and a software 
tool that have contributed to more efficient 
spacecraft design.

SPACE RESEARCH GROUPS 

UPSTREAM:  
TECHNOLOGIES FOR SPACE

University of Southampton researchers are consistently breaking new ground in the 
space arena. From discovering more about space weather and its impact on Earth,  
to revolutionising spacecraft design, to pushing the frontiers of quantum technology –  
our research is shaping the future.

The Tony Davis High Voltage Lab
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The Environmental Change and 
Sustainability Group uses satellite data 
for geospatial analysis and experimentation 
to understand environmental change. The 
focus is on understanding the sustainable 
use of natural resources in the developed 
and developing worlds, using satellite remote 
sensing, novel sensors and modelling for 
environmental monitoring and prediction.

The Population, Health and Wellbeing 
Group, which includes WorldPop, combines 
expertise in these three areas with the 
application of technical excellence in 
geographic information systems (GIS), 
spatial analysis and qualitative/quantitative 
methods, partnering with governments and 
UN agencies across the world. Analysis of 
high-resolution satellite imagery enables the 
group to map settlement patterns, quantify 
the spatial distribution of population, and 
thereby support public health interventions 
such as vaccination campaigns and disaster 
response efforts.

The GeoData Institute’s work emphasises 
the application of geospatial science and 
evidence-based approaches to support 
environmental decision-making and policy 
development. Focused on database, web 
and geospatial data handling and spatial data 
infrastructures, GeoData promotes open 
data sharing, standards and collaboration. 
The group aims to promote the application 
of science to management and policy, within 
the environmental and social sciences 
sectors in both international and UK-based 
applied research and applications. GeoData 
is a member of the Satellite Applications 
Catapult’s South Coast Centre of Excellence 
for use of satellite technologies.

The Centre of Excellence for In situ and 
Remote Intelligent Sensing (IRIS) is an 
interdisciplinary network spanning Engineering, 
Physics, Oceanography, Geography and 
several other areas, that develops intelligent 
sensing systems to operate in remote, harsh 
environments. The systems are designed 
for extremes – from deep oceans and Polar 
Regions to the edges of space. The systems, 
combined with satellite communications 
and data, provide previously unobtainable 
information relating to space weather, natural 
disasters, forest fires, and terrestrial and 
marine habitats.

Downstream research also benefits from 
collection sensors and platforms which 
underpin Earth system monitoring and 
research activities. The facility has both 
off-the-shelf and bespoke environmental 
sensing systems including aerial, surface and 
underwater autonomous platforms, sensors, 
velocity probes, laser scanners and ground 
penetrating sensors.

The Autonomous Systems research group 
is a cross-disciplinary group focusing on 
sensing, computing, communications and 
platforms across many applications, to 
support the development and maintenance 
of a low-carbon economy, to respond 
to disasters in dangerous locations, and 
to conduct Earth science research. Key 
research areas include big data, human 
factors, multi-agent coordination, missions 
and applications, platforms, sensors, and 
reliability, risk and regulation. 

The Centre for Machine Intelligence, which 
was set up by the School of Electronics and 
Computer Science, brings together research 
from across the University in the areas of 
Artificial Intelligence, Machine Learning and 
Autonomous Systems. The centre works 
with industry, policymakers and the general 
public to address both national and global 
challenges. 

DOWNSTREAM:  
TECHNOLOGIES ENABLED BY SATELLITE DATA

Our space-related research is shaping and informing the world’s approaches to 
environmental change and sustainability, via remote sensing and satellite data analytics 
expertise. Our research groups liaise with the European Space Agency’s Sentinel satellite 
programme and with government organisations both in the UK and internationally.

The Integrated Photonics Cleanroom 
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WE HAVE
 LIFT-OFF
Space start-ups that have got off the ground in 
Southampton are regularly being launched into  
the wider world.  

Pioneering start-ups established by some 
of the most ambitious and entrepreneurial 
researchers at Southampton are taking us 
into the future – fast. 

Future Worlds is the University of 
Southampton’s on-campus start-up 
accelerator. Its team supports aspiring 
student and staff entrepreneurs to change 
the world with their ideas, enabling them to 
launch a start-up or spinout. 

Space-related research and initiatives are 
well-supported by Future Worlds. The 
accelerator has backed ground-breaking 

research into quantum technology, satellite 
propulsion and archaeology detection, 
getting futuristic ideas off the ground and 
into the wider world. 

Future Worlds is passionate about building 
an inclusive start-up community on campus. 
It does this by providing one-to-one support 
to aspiring founders, along with mentoring, 
workshops, pitching opportunities and 
introductions to its network of high net 
worth mentors and investors. This has 
helped to launch many start-ups that have 
collectively gone on to raise millions of 
pounds of investment.

Future Worlds is the University of Southampton’s on-campus 
start-up accelerator. Its team supports aspiring student 
and staff entrepreneurs change the world with their ideas, 
enabling them to launch a start-up or spinout. 
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ARCHAI:  
SATELLITES ENABLE ARCHAEOLOGY  
OF THE FUTURE 
Pioneering space archaeology research 
from the University of Southampton 
has been commercialised for real-world 
benefit. 

ArchAI is a start-up company that uses 
revolutionary software to leverage artificial 
intelligence (AI) from satellites, enabling 
archaeological sites to be automatically 
detected – saving construction planners 
months of assessments and costs.

The start-up, founded by archaeologist-
turned-computer scientist Dr Iris Kramer, 
uses AI to automatically detect archaeology 
from Earth observation data. Knowing where 
archaeology is located at the earliest planning 
stages will allow accurate estimates of time 
and cost involved with acquiring planning 
permission. It will also significantly reduce the 
risk of discovering unexpected archaeology 
during construction. This means that ArchAI 
will lower the cost of construction and ensure 
that vital historical sites are preserved.

Space archaeology uses satellites or high-
flying aircraft to take pictures remotely of the 
Earth’s surface to find hints of ancient features 
buried under the ground. Things may show 
up visually or near infrared may show small 
differences in vegetation, with growth on top 
of buried stone likely to be less healthy.

Dr Kramer said: “By using our technology over 
conventional techniques, developers could 
save tens of thousands in costs, as well as 
months of time that would be spent surveying 
land pre-development. Going forward there are 
wide ranging environmental challenges globally 
that our world-first technology can address.”

Fraser Sturt, Professor of Archaeology, added: 
“Advances in Earth Observation and Machine 
Learning offered us a leap forward, helping us 
to identify and monitor archaeological sites 
across space and time. This information is 
critical not only for our understanding of the 
past, but how we manage the built environment 
and its development in the future.”

“ There are wide ranging 
environmental challenges 
globally that our world-first 
technology can address.”
Dr Iris Kramer

Images of the Isle of Arran captured by  
ArchAI’s scanning software 

Dr Iris Kramer



OHMSPACE: 
NEXT-GENERATION PROPULSION 
FOR SATELLITES
Propulsion technology developed by 
researchers and engineers at the University 
of Southampton promises to enable future 
space missions that would otherwise not 
happen.

Start-up company OhmSpace’s first product 
is the ‘STAR thruster’, based on a super-high 
temperature additive-manufactured resistojet. 

The technology has established itself as one 
the world’s highest performance resistojets 

thanks to an innovative and patented heater, 
and operates with a large choice of propellants, 
including xenon, water and ammonia.

It means that the movement of the thousands 
of satellites predicted to be launched in the 
coming years will be able to be controlled in 
space so they can carry out their missions 
effectively. 

It also addresses the current challenge of 
modern propulsion systems often being 

too costly, too power-hungry or too low-
performance to suit the typical missions and 
budgets of small satellites.

Engineering Research Fellow and OhmSpace 
co-founder Dr Federico Romei said: “Our 
technology is designed to scale up easily 
for manufacturing, and to be simple to use 
and integrate into a spacecraft. Our system 
will improve the economics of many small 
satellites and enable new missions that are 
currently not feasible due to cost, power, or 
performance budgets.”

The next-generation resistojet propulsion, 
which was developed to demonstrator 
level through funding from the University's 
EPSRC Impact Acceleration Account, builds 
upon years of world-leading research in 
Southampton’s Astronautics Group. 

The STAR thruster will drive both all-electric 
geostationary satellites, which operate at a 
fixed point far above the Earth’s surface, and 
more agile low Earth orbit platforms, which 
revolve at a faster pace closer to the Earth.

The OhmSpace team has demonstrated that 
the STAR thruster has a very high thrust-
to-power ratio compared to other electric 
propulsion systems. The technology has been 
tested in a lab environment for over 10,000 
heating cycles – the amount it would have to 
withstand in most demanding space missions.

STAR thruster prototype running a test  
in the David Fearn Electric Propulsion Lab

Chris Hobbs, Head of Business 
Strategy at the Satellite Applications 
Catapult, joined the University in 2021 
as a Royal Society Entrepreneur in 
Residence. He is helping to facilitate 
the commercialisation of some of the 
University’s space-themed research.

The Satellite Applications Catapult is a 
not-for-profit technology and innovation 
company transforming the way that the 
world uses space to drive economic growth. 
It addresses barriers to innovation and helps 
organisations benefit from using satellite 
technology and data. It does this through 
signposting, mentoring and coaching, 
consortia building for collaborative projects, 
networking and dissemination events, 
and state-of the-art facilities and research 

projects of its own or for others on a 
commercial basis. 

The company has expertise in technologies 
including geospatial intelligence, ubiquitous 
connectivity, communications, launch 
and operations, alongside many of the 
markets that benefit from satellite data, 
such as agritech, extractive industries, 
finance, health and wellbeing, sustainable 
development, and transport. 

Chris’ expertise is in the business side 
of running a space-based company. He 
has extensive experience of running a 
company himself and has expertise in 
business planning and execution, financing 
a company, forming effective teams, 
delivering products and services, business 

COMMERCIALISING OUR 
SPACE RESEARCH 
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Chris Hobbs



AQUARK TECHNOLOGIES: 
DEFINING THE FUTURE  
OF QUANTUM PHYSICS 
Quantum physicist Dr Andrei Dragomir is 
the brains behind the Aquark Technologies 
start-up, which was supported by SPRINT 
through the prestigious Seraphim Space 
Camp accelerator.

He has developed a miniaturised cold 
atom system that will help enable the next 
generation of revolutionary technologies. 
Unlike modern electronics, which rely on the 
manipulation of electrons, quantum devices 
tap into the potential of new physics exploring 

tiny energy levels of atoms and sub-atomic 
particles. 

Aquark Technologies’ innovation vastly 
reduces the size of a core component of 
quantum technology, turning these incredible 
but complex devices into simple to use, plug-

and-play systems. It could enable mass market 
adoption of quantum technologies for the 
first time.

Dr Dragomir said: “Everyone knows the 
promise that the quantum computer brings 
with it. Quantum technology also brings 
with it a huge array of sensors and devices, 
especially in the realms of time measurement 
and gravity measurement. My role is to bring 
quantum technology to the everyday user – 
that’s the main goal.” 

“ My role is to bring 
quantum technology  
to the everyday user – 
that’s the main goal.”
Dr Andrei Dragomir

development, risk management and 
customer engagement.

Outlining the trends in space and satellite 
applications, Chris said: “The sector is 
currently in a high growth phase, driven 
by the reducing cost of launch and the 
increasing use of apps for all kinds of 
data assimilation, transmission, and 
representation. ‘Actionable intelligence’, 
‘ubiquitous connectivity’ and ‘use cases’  
are three space sector bywords – if you  
have got one, great, two is brilliant and all 
three, mind-blowing.

“New emerging technologies are also key to 
stoking the space market, enabling big ideas 
like manufacturing in space, debris collection 
and removal, and energy from space.”

As an Entrepreneur in Residence at 
Southampton, Chris’ focus is on business 
growth, specifically creating and nurturing 
new and recent start-up companies. “I’m 
looking to make a difference by mentoring 
based on my own experience having run 
an SME and worked for many years in the 
corporate world at all levels,” he said. 

He is currently assisting OhmSpace 
(see above left), which is developing a 
space propulsion system, and Aquark 
Technologies (see above right), a spinout 
from the University that is dramatically 
reducing the size of a core component of 
quantum technology. He is also presenting 
a series of webinars called Bitesize 
Business to help budding entrepreneurs on 
their journey.

“ New emerging 
technologies are  
key to stoking the  
space market,  
enabling big ideas.”
Chris Hobbs 
Head of Business Strategy at the 
Satellite Applications Catapult
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Dr Andrei Dragomir holding the cold atom 
system (pictured up close on the right)
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INFLUENCING
 POLICY

Space-related expertise honed and fine-tuned at the University of Southampton has 
played a critical role in influencing and advising UK Government policy, contributing 
to influential white papers. 
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HEALTH AND LIFE SCIENCES  
MEETS SPACE 
Four Southampton researchers have contributed their expertise 
to the Why Space? The opportunity for Health and Life Science 
Innovation report, published by the UK Space Life and Biomedical 
Sciences Association in 2021. 

The report sets out opportunities for aligning the Health and Life 
Science sector with the Space sector, and makes recommendations 
to harness these opportunities through measures including furthering 
ongoing research, creating a catalyst programme for industry, 
funding high-risk high-reward research and development centres, and 
developing educational programmes to promote careers in the Health 
and Life Sciences. 

Improving gut health
Dr Franklin Nobrega, Lecturer in Microbiology, contributed a chapter 
entitled Modulating the astronaut’s microbiome during long space 
missions. His expertise is centred around gastrointestinal health and the 
challenges astronauts face in maintaining this on long-duration missions.

Currently, antibiotics are given to astronauts to tackle bacterial 
infections caused by a lack of microbial intake from food and air as 
it normally occurs on Earth. But antibiotics can damage microbiota, 
predisposing astronauts to illness such as chronic diarrhoea. 

Dr Nobrega proposes the use of bacteriophages, or phages – a group 
of viruses that infect bacteria – as an alternative to antibiotics. Phages 
act only on their target bacteria, leaving healthy microbiota untouched. 

Dr Nobrega’s ongoing research is assessing the efficacy and safety of 
phages as a treatment for antibiotic-resistant infections, the use of 
phages for the prevention and treatment of disorders associated with 
an imbalanced gastrointestinal microbiota, and ways to prevent the 
development of phage resistance. 

PHYSICS IN SPACE
Professor Hendrik Ulbricht, from the School of Physics  
and Astronomy, has played a key role in the European Space 
Agency’s (ESA’s) 2021 Roadmap for Fundamental Physics  
in Space. 

The report, authored by 14 physics experts from across Europe, 
outlines knowledge gaps and makes recommendations to ESA for 
future fundamental physics experiments in space. It highlights that 
current theories (the Standard Model of particle physics and General 
Relativity) do not explain the origins of dark matter or dark energy, 
which represent 95 per cent of our universe’s energy content.

Dr Martin Warner Paul Muckelt 

Dr Franklin Nobrega Professor Maria Stokes

Recommendations include specific experiments involving 
ultracold atom physics, atomic clocks, atom interferometry, 
large-mass interferometry, and classical and quantum links. 

Professor Ulbricht contributed on the topics of large-mass 
interferometry and optomechanics in space for testing 
fundamental physics.

Maintaining muscle strength
Professor Maria Stokes, Dr Martin Warner and Paul Muckelt, from 
Health Sciences, contributed a chapter entitled Optimising movement 
for safe and effective human performance in space. 

Their research has concentrated on the effects of long-duration 
missions into space on the muscles of the human body. During six-month 
missions to the International Space Station, the team at Southampton 
has provided remote guidance to astronauts to monitor their muscle 
health, using novel technologies. Their research aims to provide targeted 
preconditioning and reconditioning to prepare for missions. 

This work has potential benefits to people on Earth in areas such as the 
prevention of premature frailty, and improving mobility after prolonged 
immobilisation.
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PIONEERING
 ENVIRONMENTAL
MONITORING ENABLED
BY SATELLITE DATA
Data from satellites is informing and shaping ground-breaking research and 
collaborations at the University of Southampton. 

The University is a member of the 
Expert Support Laboratory for the 
European Space Agency’s (ESA’s) 
Sentinel programme, which ensures the 
data provided by the satellite sensors are 
of the required quality. Through this, the 
University team leads the land products 
development from the Sentinel 3 Ocean 
and Land Colour Instrument, and their 
validation.  

The team has produced the only 
global satellite data product capable 
of estimating terrestrial chlorophyll 
content in vegetation in near real-time. 
Distribution of this data has generated 
major benefits for agricultural and 
environmental service providers, including 
timely and targeted responses to poor 
harvests or plant disease outbreaks.

A two-year research project funded by 
ESA kicked off in 2021 on Estimating 
Terrestrial Carbon Sequestration 
using Sentinel Data. The research 
team will work with other organisations 
across Europe, including the Max Planck 
Institute in Germany and the Polytechnic 
University of Valencia in Spain, to 
develop prototype products to use the 
fleet of Sentinel satellite data to measure 
terrestrial primary productivity. These 
will be used to monitor crop and forest 
productivity and their changes due to 
extreme events. 

The University has a well-established 
collaboration with the Satellite 
Applications Catapult’s Sustainable 
Development programme. The aim of 
the programme is to embed the power 

of satellite data, geospatial intelligence 
and ubiquitous connectivity across 
sustainable development activities in the 
UK and internationally. Southampton’s 
role is to develop methods to utilise 
satellite data and information to 
measure progress against the UN’s 
Sustainable Development Goals. 

A four-year project, as part of ESA’s 
Dragon 5 Cooperation, is also 
underway. Dragon 5 is a collaboration 
between ESA and China’s Ministry of 
Science and Technology to focus the 
use of European and Chinese satellite 
data for geoscience and applications 
development.  

Within this framework, Professor 
Jadu Dash, Dr Gareth Roberts and 

Professor Jadu Dash
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Dr Booker Ogutu along with six early 
career researchers form University of 
Southampton  are collaborating with 
Professor Yongjun Zhang from Wuhan 
University in China on exploring the 
potential of using unmanned aerial 
vehicles (UAVs) to conduct the routine 
monitoring of vegetation conditions 
and comparing this with satellite data. 
The aim of the project will be achieved 
by collecting, processing and analysing 
ground measurements over a number of 
European and Chinese sites, coinciding 
with UAV acquisitions. 

Currently, Professor Jadu Dash and 
Dr Booker Ogutu, from the School of 
Geography and Environmental Science, 
are through to the final round of an 
InsuResilience Investment Fund bid with 

Mantle Labs Limited and Farm Africa to 
provide an innovative crop insurance 
scheme, based on satellite data, to 
farmers in Tanzania.

The University is also leading a new 
outreach project funded by the 
British Council called More Than 
Maps, which brings brings together 
collaborators from the Universities of 
Western Australia, Sydney, Ghana and 
the West Indies to run workshops to 
demonstrate the use of satellite data in 
coastal change monitoring. The team 
at Southampton will develop a series of 
online training programmes aimed at 
schoolchildren and young professionals 
to show how freely available satellite and 
open source software can be utilised in 
environmental monitoring. 

Dragon 5 is a 
cooperation between 
ESA and China’s 
Ministry of Science and 
Technology to focus 
the use of European 
and Chinese satellite 
data for geoscience 
and applications 
development.

Dr Booker Ogutu Dr Gareth Roberts
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 WIND FARMS
OF THE FUTURE

A collaboration between University of Southampton 
researchers and London-based business Flightform 
Insights is carving out a more energy-efficient future  
for wind farms. 

Flightform Insights, which delivers insights 
from satellite data for the energy industry, 
is leveraging the University’s world-class 
expertise in fluid dynamics to focus on the 
observation of real-life wakes – the ‘wind 
shadows’ cast by wind turbines – that reduce 
the wind speed and alter the wind flow 
characteristics for other turbines downwind.

The project is employing a combination 
of Earth observation satellite images of 
European offshore wind farms and existing 
theoretical models to observe wakes on the 
water surface. From this, the project team can 
build a wind generation model to predict the 
energy output and estimated energy loss from 
any configuration of wind turbines. 

Stephen Turnock, Professor of Maritime 
Fluid Dynamics and Head of the Department 
of Civil, Maritime and Environmental 
Engineering, said: “Our expertise covers 
maritime engineering and renewable energy, 
and the team at Flightform was looking for 
specific expertise in joining up the data to 
confidently predict the performance of wind 
turbine arrays. 

“The SPRINT project is a unique opportunity to 
do this at scale, with a range of sites and a long 
timescale. It will be interesting to understand 
how turbines perform in arrays and use the 
data to effectively operate wind turbines. This 
cutting-edge industry perspective is useful 
for us to apply to teaching and research, and 
is extending our experience of working in 
commercial environments.”

Professor Stephen Tunnock

“ Our expertise covers maritime engineering and renewable 
energy, and the team at Flightform was looking for specific 
expertise in joining up the data to confidently predict the 
performance of wind turbine arrays.”
Stephen Turnock
Professor of Maritime Fluid Dynamics and Head of the  
Department of Civil, Maritime and Environmental Engineering

The partnership, made possible through 
a grant from SPRINT (the Space Research 
and Innovation Network for Technology), is 
developing a novel wake and wind generation 
model to minimise energy losses from 
offshore wind farms. This will help wind farm 
developers optimise the turbine layout of 
their wind farms by minimising the losses 
caused by the influence of the turbine wake 
on the water surface.
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SATELLITE-
 ENABLED
SUSTAINABILITY 
Researchers from the University of Southampton are 
working with an energy solutions company to develop 
technology that will allow utilities to manage their 
energy production from renewable sources, while 
ensuring they are sustainable. 

Professor Gopal Ramchurn
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The goal is to provide cheap electricity 
to developing countries while powering 
the growing demand for green hydrogen. 
A team from the University’s Centre for 
Machine Intelligence has joined forces 
with Global Tower Solutions (GTS), a 
developer and owner-operator of large-
scale renewable energy assets and energy 
infrastructure. The partnership is on a 
renewable energy mission with cutting 
edge research and expertise including 
Earth observation science, computer vision, 
artificial intelligence, smart energy systems 
and machine learning techniques. 

The project includes using Earth 
observation data, artificial intelligence and 
machine learning algorithms to process 
large amounts of data. This enables 
electricity production from solar, hydro 
and wind to be optimised, while mitigating 

the impact of energy production from 
hydroelectric dams that are subject to 
climate change effects such as El Niño and 
La Niña. 

The SPRINT-funded project will lead to the 
improved sustainability of hydroelectric 
assets working alongside solar assets. 
Demand for 24/7 power and green hydrogen 
for mobility is now rising given the ambitious 
national and international targets to achieve 
net zero emissions by 2050. 

The work is estimated to deliver cheap 
electricity reliably, while also significantly 
reducing the cost of generating green 
hydrogen to levels comparable with diesel 
and gasoline.

Professor Gopal Ramchurn, member of 
the Centre for Machine Intelligence, said: 

“Satellite data is key to managing our natural 
resources at scale. The production of 
electricity and mobility fuels such as green 
hydrogen from such sources will place 
significant demands on our water bodies 
and natural ecosystems.

“Through this project, we have applied a 
range of machine learning techniques to 
high- and low-resolution datasets, census 
data, data from satellite images and other 
data available around settlements. This has 
led to significant findings on the impact 
green hydrogen will have on hydroelectric 
dams and the land required for solar farms. 

“We have focused on Asia and Latin America 
but clearly the results apply globally. The 
results we have produced with GTS will help 
to define the business case for renewable 
energy projects around the world.”

“ Satellite data is key to 
managing our natural 
resources at scale.”
Professor Gopal Ramchurn
Centre for Machine Intelligence
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NEXT-GENERATION
 NANOSATELLITES

Geomagnetometry experts from the University of Southampton are contributing 
to a major nanosatellite design project that will help maintain modern navigation 
systems, including smartphones.

Academics from the Department of 
Physics and Astronomy are working  
with Iota Technology, a prototyping  
studio. The collaboration, funded by 
SPRINT (Space Research and Innovation 
Network for Technology), is developing 
payload technology that aims to go 
into service in 2024, ahead of the 
decommissioning of existing satellites in 
the European Space Agency’s SWARM 
constellation. 

The new miniaturised magnetometer, 
called SIGMA, will allow nanosatellites 
to gather high-quality geomagnetic data 
that, until now, has only been possible 
with much larger spacecraft. This data is 
an essential part of all modern navigation 
systems, providing accurate heading data 
to smartphones, cars, ships, aircraft and 
small satellites. 

The University brings expertise in 
magnetic field sensing and testing, as 
well as the Printed Circuit Board (PCB) 
rapid prototyping facility operated by 
electronics engineers, where the PCB 
for the SIGMA magnetometer will be 
designed, built and tested. 

Professor Hendrik Ulbricht, Deputy  
Head and Director of Research for  
Physics and Astronomy, said: “Our 
research group is experienced in working 
with magnetic sensors and this has been 
a great opportunity to work in the space 
development environment with a real  
end goal.”

Hugo Shelley, Director of Iota Technology, 
added: “One of the main challenges 
in developing the next generation of 
geomagnetic monitoring satellites is 

miniaturisation. The magnetometry 
expertise at the University of 
Southampton will play a vital part in 
allowing us to make our technology 
smaller, without sacrificing the quality of 
the data that we can capture.

“With the European Space Agency 
SWARM satellites due to be 
decommissioned, we only have a short 
window of time to develop a sustainable 
service mission capable of recovering 
this key data. The SPRINT project will 
accelerate the development of our 
technology and enable us to build a 
demonstration model for launch in 2022.”

“ This has been a great opportunity to work in the space 
development environment with a real end goal.”

Professor Hendrik Ulbricht
Deputy Head and Director of Research for Physics and Astronomy
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 DEORBITING
SATELLITES SAFELY

The University of Southampton is at 
the forefront of pioneering research to 
develop a fail-safe deorbiting system that 
can be attached to the side of CubeSats. A 
CubeSat is a type of miniature satellite for 
space research that is made up of multiple 
cubic modules measuring 10cm cubed. 

CubeSats are put into orbit from the 
International Space Station, or are 
launched as secondary payloads on a 
rocket. As of January 2021, more than 
1,350 CubeSats had been launched.

Dr Minkwan Kim, Lecturer in Astronautics, 
explained: “CubeSats have become an 
interesting innovation in the space sector 
because the opportunities provided by them 
are enabling small and medium enterprises 
and start-ups, in particular, to make a 
significant impact on the space economy. 

“While CubeSats show significant 
promise to enable low-cost science and 
exploration missions, high value science 
missions using low-cost CubeSat missions 
are restricted by several technology 
limitations including the propulsion 
system. In particular, propulsion systems 
often place restrictions on handling, 
storage, and operations that may limit a 
CubeSat’s ability to launch as a secondary 
payload. 

“Nevertheless, opportunities are 
anticipated in the near future to conduct 
a larger percentage of CubeSat missions 
based on application goals and pursue 
exploration and science return as the 
primary objectives. An efficient propulsion 
system will enable CubeSat to have 
efficient deployment, positioning, orbiting, 
and planned de-orbiting.”

Dr Kim is leading the European Space 
Agency (ESA)-funded project to develop 
the Cube de ALPS (CubeSat de-orbit ALI-
printed Propulsion System). 

The project, which kicked off in 2020, will 
enable small satellites to deorbit safely. 

Dr Kim explained: “Numerous future 
ESA, as well as government and industry, 
missions will be composed of mega-
constellations – made up of thousands of 
CubeSats. Some of these CubeSats will 
likely be unresponsive upon deployment 
and will need to be deorbited as soon 
as possible to protect and maintain a 
sustainable orbital environment. Cube de 
ALPS provides this capability by ensuring 
the controlled re-entry and safe recovery 
of CubeSats.” 

Cube de ALPS is a standalone deorbiting 
propulsion system that uses printed 
electronics and thin-layer vacuum arc 
thruster technology. The system can be 
stuck to the side of a CubeSat. Due to 
recent advances in embedded flexible 
electronics, thin film energy storage, and 
printing technologies, the propulsion 
system can be integrated into a thin, 
flexible package.

Dr Minkwan Kim

Thousands of CubeSats have been launched into orbit since the late 1990s  
and thousands more are in the pipeline, but deorbiting them safely can be  
a challenge. 
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Hazel Mitchell studied Mechanical 
Engineering as an undergraduate and is 
now a PhD student in the Aeronautics and 
Astronautics department. For her third year 
Independent Project, Hazel conducted a 
feasibility study on Martian wind turbines.

She said: “Space has always really excited me, 
which is why I chose to study engineering. 
I’m aiming to work in the space industry after 
my PhD, ideally developing technology for 
Mars. My interests include Mars colonisation, 
robotics and engineering design.”

Hazel is the current President of SUSF 
and, for the last two years, has led the 
Society’s Mars Rover team. This project was 
to design and build a rover and develop 
artificial intelligence to enable it to navigate 
autonomously. 

Oliver Marston completed an Integrated 
Master’s in Aeronautics and Astronautics, 
specialising in Spacecraft Engineering. This 
included a two-month internship through 
the Space Placements in Industry (SPIN) 
programme, which is part of the Spacecraft 
Applications Catapult. 

He said: “The internship focused on designing 
a facility for what’s called payload processing, 
which is essentially a clean facility where 
spacecraft are brought to for final tests, 
fuelling and then integration with the launch 
vehicle before they are launched.”

Outlining why Southampton was the ideal 
place for his studies, Oliver said: “One of the 
biggest plusses is the academic staff who have 
taught me. I’ve had lecturers who have worked 
at, and are working with, NASA and ESA. 

“SUSF has had many benefits for me,” she 
said. “I’ve been able to connect with like-
minded space enthusiasts, network with 
industry professionals, support outreach 
events and learn transferable skills such as 
electronics, computer aided design, project 
management and website design.”

Explaining why Southampton has been the 
ideal place for her studies, Hazel said: “As 
well as the relevant courses available, the 
University has amazing researchers, such 
as Professor Hugh Lewis who is a global 
expert on space debris. There is also a strong 
international community with students and 
SUSF members from all over the world.” 

“ I’ve been able to connect 
with like-minded space 
enthusiasts, network with 
industry professionals, 
support outreach  
events and learn 
transferable skills.”

 STUDENTS
AND SPACE
With a rich and diverse space-related course offering 
spanning most faculties, plus an active SpaceFlight 
Society, there are plenty of opportunities for students 
with a passion for space.

The Southampton University Spaceflight Society (SUSF) is a group of students with a passion 
for space science and engineering. The 70-strong group runs projects, ranging from building 
rocket engines to launching high altitude balloons, and engages with outreach events with 
local schools to inspire the next generation of students to pursue careers in STEM.
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Chan Kim is studying for a BSc in 
Environmental Management with Business and, 
as part of his studies, undertook a six-month 
SPRINT (Space Research and Innovation 
Network for Technology) internship.

The internship focused on assessing 
how SPRINT-funded research projects 
are contributing to the UN’s Sustainable 
Development Goals (SDGs), working closely 
with the SPRINT companies and producing 
four reports. 

Chan was able to conclude that 84 out of 
the 87 projects running at the time (2020) 
had potential contributions to the SDGs. The 
most highly-represented SDGs were Goal 9: 
Industry, Innovation and Infrastructure; Goal 
12: Responsible Consumption and Production; 
and Goal 13: Climate Action. 

“Being able to specialise in Spacecraft 
Engineering in third and fourth year after 
doing the general Aero Astro theme for 
the first two years is really good as well, as 
it provided a good general grounding in 
Engineering before spending time specialising 
in exactly what I want to do.” 

Oliver was also part of a group working on 
designing a space debris shield. He explained: 
“It was really exciting because space debris 
is an ever-increasing problem that has the 
potential to drastically affect all satellites 
in Earth orbit, and there aren’t any current 
shielding options which can be mounted on 
all satellites. We were able to do the project 
because it was led by a professor who’s at the 
forefront of investigating space debris and has 
contacts at other universities and companies 
that we could make use of.” 

Chan said: “The internship was great for 
broadening my commercial awareness, 
networking with industry and developing 
professional writing and research skills.”

He added: “The University of Southampton 
has high engagement with companies, 
so networking opportunities are broad. 
Plus Southampton is one of the top space 
research and technology universities in the 
UK, with highly-experienced professors.” 

“ It was really exciting 
because space debris  
is an ever-increasing  
problem that has the 
potential to drastically 
affect all satellites in  
Earth orbit.”

“ The internship was 
great for broadening my 
commercial awareness, 
networking with 
industry and developing 
professional writing and 
research skills.”
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