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Dr Amy Saunders
Editor

Deep space navigation

Space has become big business in the last couple of decades,
and everyone wants their own slice of the action. With a whole
host of plans to launch humans into space from commercial companies and
international organisations alike, there is so much to consider; launch technologies,
crew capsules, crew health, deep space communications, off-world food and water
sources.
One topic that doesn’t seem to come up often is navigation. I suppose that with
all the incredible technology it will take to launch humans into space for commercial
and exploratory purposes beyond the Moon, most of us have just assumed that
navigation is the easy part!
However, it recently emerged that tests are currently underway on board the
International Space Station (ISS) to assess the accuracy of sextants as a potential
emergency navigation tool for deep space trips. Sextants have been used for
centuries to help sailors navigate the world’s oceans, but now they may also be
entering the space arena.
The Sextant Navigation investigation is testing a handheld sextant up on the ISS.
Sextants use a small telescope-like optical sight to take precise angle
measurements between pairs of stars from and or sea, thus enabling navigation
without computer assistance. The investigation tests specific techniques, focusing
on stability, for possibly using a sextant for emergency navigation on space vehicles
such as NASA’s Orion spacecraft. With the right techniques, crews can use the tool
to navigate their way home based on angles between the Moon or planets and
stars, even if communications and computers have become compromised.
The use of sextants is nothing new at NASA. Indeed, its Gemini missions
conducted the first sextant sightings from a spacecraft, while designers built a
sextant into the Apollo vehicles as
a navigation backup in the event
the crew lost communications from
their spacecraft. Meanwhile, Jim
Lovell demonstrated on Apollo 8
that sextant navigation could return
a space vehicle home.
“The basic concepts are very
similar to how it would be used on
Earth,” said Principal Investigator
Greg Holt. “But particular
challenges on a spacecraft are the
logistics; you need to be able to
take a stable sighting through a
window. We’re asking the crew to
evaluate some ideas we have on
how to accomplish that and to give
us feedback and perhaps new
ideas for how to get a stable, clean
sight. That’s something we just
can’t test on the ground.”
So great news all round for
future space travellers, who will
probably appreciate a backup
deep space navigational system
more than most!
ESA astronaut Alexander Gerst learns how to use a sextant

www.newspaceinternational.com

NewSpace International - November/December 2019

3

CONTENTS

Letter from the Editor

3

NewsBlast

6

Deep space navigation

Key news from around the world

Deep space farming

Front cover: Asgardia Moon
base. Artists impression James
Vaughn

10

Here on Earth, farming is deceptively challenging. The perfect mix of
temperature, lighting, soil nutrients and moisture levels are all critical to
growing crops effectively. Billions of dollars have been invested in
agriculture over the years, fine-tuning methods down to a ‘T’. All this
investment is of little help when it comes to space-based farming,
however, where the risks are great, and the experience to date is almost
nil.
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The Space Kingdom of Asgardia, a micronation which has launched the
Asgardia-1 satellite into orbit, has declared sovereignty over the space
occupied by that satellite. Lembit Opik, Chair of Parliament at Asgardia,
discusses the future of space exploration and the need for off-world
settlements.
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Satellite launch opportunities have never been as great as they are right
now. From the precedent set by traditional GEO launch vehicles, we now
live in a world of dedicated small satellite launchers, rideshare options,
re-usable launch vehicles, and, looking to the future, air and balloon
launched satellites.
NanoAvionics is a nanosatellite mission integrator that delivers satellite
buses and propulsion systems from its facilities in North America and
Europe. Vytenic Buzas, Co-Founder and Chief Executive Officer at
NanoAvionics, opines on the company’s future and latest developments.
UK-based Methera Global Communications plans to launch a
constellation of satellites into MEO to enable governments, telecom
companies and Internet service providers to deliver digital applications
with fibre-like speeds to areas of the world where fibre is impractical.

Space 2.0 - Satellite operations engineering in the era of
constellations
26

As a new wave of highly ambitious constellations of small satellites edges
closer to reality, questions are arising as to how these constellations will
be managed. Paul Albert-Lebrun, Junior Satellite Operations Engineer at
Kepler Communications, outlines the operation and maintenance of
Kepler Communications’ upcoming constellation.
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#VERT #ESA #NASA #TRISEPT #ROCKET #PROPELLANT

Vert blasts into second
stage of testing
programme with ESA
NovaSAR-1 data deal with
Philippines

Engineering pioneer Vert has embarked on the second
stage of a cutting-edge research project with the
European Space Agency (ESA) following successful
completion of the initial phase of testing.
Under a programme of and funded by the ESA, the
patented Conical Rotary Compressor (CRC) technology
from Vert is being put through its paces as a pump for
rocket propellant. The aim of the programme is to reduce
weight and improve efficiency, thus allowing rockets to
travel faster and further.
The Scottish company signed an initial contract with
the ESA in October 2018 to undertake a range of work to
determine whether the conical rotary compressor
technology can be adapted to suit the demands of space
operations. That involved laboratory testing at Vert’s
compressor design centre on the southern edge of
Edinburgh, as well as work at the ESA’s testing facilities
in the Netherlands.
David Noake, head of design at Vert, said the next stage
of the project will go into further depth to see how the
materials used to make the compressor work, in
combination with different propellants.
“It is a new and different application of our technology,”
David explained. “We have been commercially
developing the CRC for air compression and gas
compression, so to use it as a pump means there are a
different set of parameters for its operation.
“Space is quite a tough sector to get into because of
the need for high quality assurances – your technology
has to go through extremely rigorous testing before it will
be approved for use in space.

David Noake, head of design at Vert

To include your news in NewSpace International
magazine please contact
Dr Amy Saunders
amy.saunders@dsairpublications.com
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“Sending systems into space takes a long time and
is quite expensive. A company of our size is not able to
do that on its own, so being part of this ESA programme
is a fantastic opportunity.”
Vert was set up in 2013 to develop the pioneering
conical rotary compressor technology, one of the
biggest innovations in the compressed air industry for
over 40 years. The technology is capable of continuous
operation producing low noise and high pressure in a
single stage.
The technology has previously been used as a
prototype satellite cooling system produced in
conjunction with the Ministry of Defence’s Centre for
Defence Enterprise. The project led to the start of the
partnership with ESA in 2017.

NASA selects TriSept to
support new round of cubesat
missions
TriSept Corporation, a leading provider of launch
integration, management and brokerage services
for commercial and government missions, has
announced that it has been selected as a preferred
provider to support NASA’s third round of CubeSat
missions with dispenser hardware and integration
services.
As part of a five year, $18 million NASA indefinite
delivery indefinite quantity (IDIQ) contract, TriSept
will be considered for CubeSat mission integration
services and dispenser hardware procurement in
support of upcoming CubeSat launches through
2025.
The award follows TriSept’s successful launch
integration for the NASA VCLS ELaNa XIX mission
that lifted 10 CubeSats into orbit aboard a Rocket
Lab Electron from Mahia, New Zealand in
December of last year.
Finishing up programs under the previous IDIQ
contract, TriSept is also set to lead the launch
integration for NASA’s VCLS ELaNa XX mission on
the Virgin Orbit Launcher One rocket in 2020, an
11-cubesat manifest that marks the first official
NASA operation aboard the new launch vehicle.
NASA’s Launch Service Program will also look
to TriSept to provide integration support to the
ANDESITE CubeSat which is scheduled to launch
on a Rocket Lab Electron launch vehicle early next
year.
“TriSept is honoured to have the opportunity to
continue providing launch integration and
hardware procurement support for NASA’s
CubeSat launch support needs that continues
opening the door to more space access and a
growing number of important and diverse
missions,” said Rob Spicer, TriSept CEO. “Our
experienced launch integration and management
teams look forward to extending our collaborative
relationship with NASA’s Launch Services Program
and stand ready to help enable upcoming
programs under this latest IDIQ contract.”
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#ESA #SPACE19+ #SPACESTATION #MOON #SAFETY #DEBRIS #LAUNCHERS #NEWSPACE

ESA Ministers commit to biggest ever
budget
ESA’s Council at Ministerial Level, Space19+, has
concluded in Seville, Spain, with the endorsement of
the most ambitious plan to date for the future of ESA
and the whole European space sector. The meeting
brought together ministers with responsibility for space
activities in Europe, along with Canada and observers
from the EU.
The Member States were asked to approve a
comprehensive set of programmes to secure Europe’s
independent access to and use of space in the 2020s,
boost Europe’s growing space economy, and make
breakthrough discoveries about Earth, our Solar System
and the Universe beyond, all the while making the
responsible choice to strengthen the efforts we are
making to secure and protect our planet.
Significant boost in funding
For the first time in 25 years, there will be a significant
boost in funding for ESA’s world-class and inspirational
science programme, pushing the boundaries of our
understanding of who we are and where we come from.
It will allow the first gravitational wave detector in space,
LISA, to fly alongside the black hole mission Athena and
enable fundamental advances in our understanding of
the basic physics of the Universe. There is also a strong
reinforcement and accordingly funding for research and
development and ESA’s laboratories, to underpin the
missions of the future.
With worldwide partners, Europe will take its place
at the heart of space exploration going farther than we
have ever gone before – we continue our commitment

to the International Space Station until 2030 as well as
contributing vital transportation and habitation modules
for the Gateway, the first space station to orbit the Moon.
ESA's astronauts recruited in 2009 will continue to
receive flight assignments until all of them have been
to space for a second time, and we will also begin the
process of recruiting a new class to continue European
exploration in low Earth orbit and beyond. European
astronauts will fly to the Moon for the first time. Member
States have confirmed European support for a groundbreaking Mars Sample Return mission, in cooperation
with NASA.
Commercial benefits of space
ESA will help develop the commercial benefits of space
for innovators and governments across the Member
States, boosting competitiveness in the NewSpace
environment. We will develop the first fully flexible
satellite systems to be integrated with 5G networks, as
well as next-generation optical technology for a fibrelike ‘network in the sky’, marking a transformation in the
satellite communication industry. Satellite
communications will join forces with navigation to begin
satnav for the Moon, while closer to home commercial
companies can access funding for new applications of
navigation technologies through the NAVISP
programme.
ESA Ministers have secured a smooth transition to
the next generation of launchers: Ariane 6 and Vega-C,
and have given the green light to Space Rider, ESA’s
new reusable spaceship.

Prospecting in space
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Our Member States have committed to the
responsible use of our environment both on and off our
planet. ESA’s world-leading position in Earth observation
will be strengthened with the arrival of 11 new missions,
in particular addressing topics linked to climate change,
Arctic and Africa.
Space safety
There was also a significant development with the
adoption of Space Safety as a new basic pillar of ESA’s
activities.
This will lead to new projects in the areas of keeping
the space environment operational – through the
removal of dangerous debris and plans for automation
of space traffic control – and early warnings and
mitigation of damage to Earth from hazards from space
such as asteroids and solar flares. The Hera mission
marks a joint collaboration with NASA to test asteroid
deflection capabilities. New investments in the field of
cyber-resilience and cyber-training have also been
confirmed.
The coming years will also see ESA reinforce its
relationship with the European Union and increase its
own organisational agility, effectiveness and efficiency.
“Bringing together our Member States, 22
governments that change regularly, and agreeing on
such inspirational projects to share a joint future in space
might seem an impossible task on paper. But in two days
in Seville, we have proved it is possible,” said ESA
Director General Jan Wörner. “It is possible because we
work together to develop good programmes, and it is
possible because people are dedicated, and invest all
their effort in a long and thorough decision process
involving the scientific community, industry and national
delegations.
“Together we have put in place a structure that sees

inspiration, competitiveness and responsibility underpin
our actions for the coming years, with ESA and Europe
going beyond our previous achievements with
challenging new missions and targets for growth along
with the wider industry.”
Co-chairing the meeting, Manuel Heitor, Portuguese
Minister of Science, Technology and Higher Education
declared: “Today at Space19+ in Seville, together with
my colleagues Ministers from ESA Member States, we
secured a further step to foster Europe’s competitive
position in the global space arena. We approved an
ambitious portfolio of space programmes, and
addressed the challenges linked to the sector. We
therefore invited all ESA Member States to seriously
engage in taking stock of space activities in a continuous
way and strengthen the role of ESA in Europe in close
articulation with EC. In addition, we invited ESA Member
States to work with ESA to take the necessary steps
towards modernising ESA´s industrial policy and
guarantee the agency evolves in a way to match a
constantly changing environment, changing markets
and a fast rate of digital transformation of our societies.”
Also co-chair of the meeting, French Minister of
Higher Education, Research and Innovation, Frédérique
Vidal said: “Space19+ has demonstrated the value of
space as a critical infrastructure and enabler for our daily
lives. Thanks to the European excellence in space, we
are able to mutually tackle human and global challenges
such as climate change, space safety and security. In
subscribing to the programmes, Member States have
made a great step towards inspiring society and
renewing our ambition to address those challenges. The
high level of subscriptions that was decided at the Sevilla
ministerial conference will permit to strengthen the
European excellence in space and will also commit us
towards European citizens.”

Space debris courtesy of SIG
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Deep space farming

Here on Earth, farming is deceptively
challenging. The perfect mix of temperature,
lighting, soil nutrients and moisture levels are
all critical to growing crops effectively. Billions
of dollars have been invested in agriculture
over the years, fine-tuning methods down to
a ‘T’. All this investment is of little help when it
comes to space-based farming, however,
where the risks are great, and the experience
to date is almost nil.
We live in an era where the concept of deep space
exploration and off-world settlements has moved from
science fiction to a very distinct possibility. Launch
technology is evolving, with the re-landing and re-use
of rockets bringing prices down, and the development
and testing of crew capsules is well underway. Studies
are leading to new innovations to make long duration
space stays more accessible, and with improved
astronaut health.
However, one of the biggest challenges remains;
accessing food in space. Current space programmes see
astronauts on board the International Space Station (ISS)
limited to a very narrow and specially formulated diet
which provides everything needed by the body but
leaves little room for the enjoyment of food so many of
us have become accustomed to. Accordingly, a great
many projects are currently exploring the possibilities
of space-based farming.
Off-world farming challenges
Although commonly depicted in science fiction films and
series, with sophisticated hydroponics systems yielding
an impressive variety of crops, farming in space is
expected to be a lot more complex than many realise.
Plants on Earth have had many millions of years to
evolve and adapt to the conditions found here, after all,
and additionally, the global agriculture sector has spent
billions of dollars refining methods, developing
pesticides and fungicides, and genetic modification
research.
Farming in space, whether it be on board a space
station or on another celestial body like the Moon or
Mars, is first and foremost complicated by the
microgravity environment; with such different
gravitational forces from Earth, plants that thrive down
here are unlikely to fare well in space without some
major environmental modifications. Roots grow down,
and shoots grow up, but in the absence of a strong
gravitational field, how will this work? Furthermore, the
Earth’s complex atmosphere – the balance of nitrogen,
oxygen, carbon dioxide – is not easy or cheap to replicate
in space, and yet, it is what all of today’s crops are
accustomed to. Increased radiation, reduced sunlight,
and different atmospheric pressures and temperatures
are also major hurdles.
Projects exploring the possibilities of off-world
farming have a great many challenges to overcome,
however, the future of space exploration depends on
the success of such projects. One astronaut on board
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Three different varieties of plants growing in the
Veggie plant growth chamber on the International
Space Station were harvested this morning. Credit
NASA slash ISS

the ISS requires 1.8kg of food and packaging per day; it
is simply not feasible for longer duration space missions,
such as the planned missions to Mars, to take all the
food they need, or be re-supplied from Earth costeffectively. For off-world settlements to become reality,
off-world agriculture is an absolute must.
Agriculture on board the ISS
Reaching forever for the stars, NASA has already done
a great deal of research into off-world agriculture with
a number of collaborations and partnerships, making
good use of the ISS. The association is tackling all
manner of space agriculture challenges, including light,
gravity, pressure and soil variations, as well as exploring
which crops can best adapt to the unique space
environment, while also providing valuable nutrition to
astronauts.
Back in 2015, NASA’s Kennedy Space Center and
Fairchild entered into a partnership to help advance
NASA’s plant research. Part of the Growing Beyond Earth
Challenge (GBE) saw Fairchild deliver equipment which
mimics the conditions on board the ISS to its network of
more than 150 schools in order to expand food options
and increase plant diversity for spaceflight by evaluating
plants that meet NASA’s criteria for size and edibility.
The mini botany labs, consisting of a specially designed
growth chamber, LED lighting, capillary watering system,
pots, soil, fertilisers and seeds, have been used to test
factors that may influence plant growth, flavour and
nutrition. Impressively, the challenge has yielded some
interesting results, including several new candidate
plants, including cress, kale, and pak choi, for growing
in Veggie, the plant-growing habitat maintained on the
ISS.
The programme is still ongoing today, now reaching
more than 170 schools in Florida, Colorado and Puerto
Rico. Since the start of the programme in 2015, around
130 plant varieties have been tested under different
conditions. “Every year, it’s something different,” said
NASA’s Kennedy Space Center plant production
scientist Gioia Massa. “Last year, they were looking at
photoperiod, how plants respond to different durations
of light. This year, they’re looking at the neighbour effect,
how different plants influence each other by growing
next to each other.”
Earlier in 2019, astronaut David Saint-Jacques began
growing two new crops, Wasabi Mustard Greens and
Extra Dwarf Pak Choi, on board the ISS as part of the
Veg-03 H experiment. Six ‘plant pillows’ were placed into

www.newspaceinternational.com
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the veggie growth chamber. Each pillow serves as a pot
designed for space with pre-packed seeds, a substance
for the roots to grow into, controlled-release steriliser,
and a way for the gardeners to water the plants in
microgravity. The Extra Dwarf Pak Choi had been
identified as part of the Growing Beyond Earth challenge
as a potential space crop candidate.
Completed after 30 days, the experiment has
provided food safety and data for comparison with
ground studies in order to establish a baseline. “I think
the astronauts will be surprised to learn that the Extra
Dwarf Pak Choi that they grow and eat has the same
amount of Vitamin C by weight as does a fresh Florida
orange, and the leaves don’t taste much different than
other fresh leafy greens,” said NASA scientist Matt
Romeyn.
In addition to its Veggie habitat, NASA has also more
recently installed the Advanced Plant Habitat (APH) on
board the ISS. The size of a mini fridge, the APH was
designed to test which growth conditions plants prefer
in space and provides specimens a larger root and shoot
area than previous growth habitats on the ISS. The APH
has grown a number of crops since its installation in 2018,
including Dwarf Wheat.
The new habitat’s monitoring and environmental
control systems regulate temperature, oxygen, and
carbon dioxide levels, and the settings can be adjusted
for growing different types of plants. Although the
system is largely autonomous, the crew adds water to
the chamber and changes atmospheric elements such
as an ethylene scrubber, carbon dioxide scrubber and
bottles, and filters. The APH has an upgraded LED
system that goes beyond the red, blue and green LEDs
used at low, medium and high settings in the Veggie;
indeed, the APH is equipped with white, red, blue, green,

and far red LEDs and has a wide variety of settings
capable of producing light from zero to 1,000
micromoles (the Sun produces 2,000 micromoles on
Earth). Humidity and temperature can also be
manipulated.
According to NASA, the APH provides the first true
foray into studies involving space-based agricultural
cycles, with the ability to grow ‘seed to seed.’ This means
that an entire line of plants could be grow from one seed
brought from Earth, creating generations of offspring
destined for life among the stars.
In the next step forward for off-world agriculture,
NASA is set to grow space’s first fruit in the APH in the
coming months. Seeds for a hybrid version of a New
Mexico chili plant, the Española Improved, are expected
for launch to the ISS in March 2020, in a bid to prove that
the APH can grow fruiting crops as well as leafy greens.
The hybrid chili has a shorter growth cycle and thrives
in confined areas, compared with other chili plants.
“… If we do go on a deep space mission, or we do go
to the moon or a mission to Mars, we will have to figure
out a way to supplement our diets,” said Jacob Torres,
NASA researcher. “Understanding how to grow plants
to supplement the astronaut’s diet would be essential
to our mission to going to Mars. So that kind of fuels our
research that we’re doing now.”
Tackling Martian soil
Given the number of projects ongoing with the aim of
landing humans on Mars, it will come as no surprise that
there are several programmes underway exploring the
possibilities of developing agriculture on the red planet.
Struck by the same challenges of space-based farming
already discussed, one aspect researchers seem keen
to focus on is the problem of Martian soil.

Students participate in Fairchild Challenge events held at the Fairchild Tropical
Botanic Garden in Miami, Florida. Credit Fairchild Tropical Botanic Garden/
Maureen Tan
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The planet’s soil is nothing like our own, being
extremely iron-rich, lacking in water, ‘Earth-air,’ and of
course, organic matter – the dead plant matter and living
microbes that are a critical ingredient in good quality
soil here on Earth. And although we haven’t (yet)
transported a sample of Martian soil back to Earth,
scientists have a pretty good idea of its make-up thanks
to the probes sent there over the years. Indeed, faux
Martian regolith (soil to you and me) is available to order
over the Internet for as little as US$10 per pound.
Research facilities all over are getting through tonnes
of the stuff in their exploration of Martian agricultural
studies, and, naturally, universities are heavily involved
in such work.
At the Florida Institute of Technology (FIT), in
partnership with NASA, the Research to Advance the
Development of Integrated Space Horticulture (RADISH)
was the first of its kind back in 2017 to test and document
plant growth in Mars regolith simulant (in this case,
volcanic soil from Hawaii) to enhance in situ resource
utilisation. A variety of plants, including lettuce, peas,
tomatoes and peppers, were grown in the reoglith
simulant in a light and temperature-controlled chamber,
before harvesting and undergoing a range of chlorophyll
and protein analysis tests.
“Establishing a permanent colony on Mars is the
ultimate act of sustainability,” said Physics and Space
Sciences Department Head Daniel Batcheldor. “Not only
will it make us a multi-planet species, and inspire
generations of young scientists and engineers into the
future, but the technology development needed to
make a Mars colony a reality will enable us to modify
our behaviour back here on Earth to ensure the
sustainability of our home planet.”
The FIT has also been active in another NASA space
farming partnership, namely the innovative FarmBot
project. Space-based agriculture is of vital importance,
but astronauts’ time is sorely limited, and any repetitive
tasks that can be handed over to robots free up
astronauts to perform more important duties. Last year,
the robot farmer FarmBot became the newest
crewmember of Mars Base 1 at the Kennedy Space
Center. It’s job? To plant seeds, add nutrients, water the
plants, and maintain plant health. FIT students
conducted remote experiments to test FarmBot’s
effectiveness, connecting with FarmBot via a Raspberry
Pi computer, and monitoring its progress via web
cameras. The students replicated the Mars Base 1
conditions as closely as possible at their lab in
Melbourne, for effectiveness comparisons.
Similar to FIT, Villanova University is also getting in
on the Martian soil experiments. Students were tasked
with utilising Mars regolith simulant in a dimmed
greenhouse to cultivate nutritious plants that might be
suitable for growing on Mars. The results were mixed;
the regolith was too clay-like and dense for new plant
roots to penetrate (with the exception of lettuce), and
shredded cardboard had to be incorporated into the
regolith in order to grow other crops like sweet potatoes,
mint, garlic, basil, peas, carrots, green onions and hops.
Of course, shredded cardboard won’t be freely available
on Mars, given the cost of shipping it all the way there.
The research continues with collaborators from across
the globe; one California tech company is reportedly
keen to partner on the removal of toxins from Martian
regolith – real Martian soil contains toxins hazardous to
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humans – and to experiment with ‘plant-like’ organisms
that can break up and aerate the dense soil.
Innovative dual-application materials
With so much focus on creating humankind’s first offworld settlement, and all eyes presently on Mars,
building materials are of the utmost import. With calls
for greener, more holistic environmentally-friendly
solutions than the concrete, bricks and mortar widely
used around the world today, scientists are exploring
the possibilities of new materials which can also solve
other challenges, such as the lack of accessible water –
which, of course, is key for agriculture.
In recent news, a new paper from the Nature
Astronomy journal reports that researchers have
proposed that an aerogel material might one day help
humans build greenhouses and other habitats at Mars’
mid-latitudes, where near-surface water ice has been
identified. Aerogel, a Styrofoam-like solid comprised of
99 percent air, is an excellent insulation material, and
has already been utilised on all of NASA’s Mars rovers.
Being translucent, aerogel allows visible light to pass
through, but blocks harmful UV radiation.
Researchers at Harvard University allowed light from
a lamp tuned to simulate sunlight on Mars, pass through
2-3cm of silica aerogel, which was found to raise the
temperature of the surface beneath up to 65°C. This is
enough to melt near-surface water ice on Mars. Both
solid sheets and crushed pieces of aerogel can be used
to heat the surface. The paper reported that varying
levels of illumination, designed to simulate the different
seasons on Mars, were tested, and the results showed
that, as well as being used to melt near-surface water
ice, the aerogel could also be utilised to provide heating
in the cold Martian winter, where it reaches -90°C.
According to researchers, the next step is to take the
aerogel to Martian analogue environments such as
Chile’s Atacama Desert or Antarctica’s McMurdo Dry
Valleys.
That’s not to say that NASA is ready to race off with a
one-size fits all solution. It would take at least two
Martian years (four Earth years) of warming to create a
permanent region of liquid water at the Martian surface
utilising the aerogel. And although the aerogel is 99
percent air, large quantities would have to be shipped
to Mars to build enough structures and melt the required
water ice; alternatively, the material would need to be
manufactured in situ. Silica aerogel is also extremely
fragile and would require layering with another material
or combining with flexible materials to prevent fractures.
This could also help increase the air pressure within the
structure, allowing the liquid water to pool more easily
on the surface instead of vaporising.
A future of possibilities
A great deal of further research is needed in all matters
of off-world farming – indeed, humankind is only just
making its first scratches at the surface of this extremely
complicated topic. Universities, commercial companies
and governmental organisations alike will have to work
together to develop the best solutions for this major
hurdle in deep space exploration. With the best minds
in the world working together, and the incorporation of
students and robots to spread the man hours around,
the future of space agriculture is looking some way off,
but bright!
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The
Space Kingdom
of Asgardia
Observing
the Earth
from declares
space
sovereignty?
The Space Kingdom of Asgardia, a
micronation which has launched the
Asgardia-1 satellite into orbit, has declared
sovereignty over the space occupied by that
satellite. The Asgardian people have adopted
a constitution and intend to access outer
space free of the control of existing nations,
and to establish a permanent settlement on
the Moon by 2043. Lembit Opik, Chair of
Parliament at Asgardia, discusses the future
of space exploration and the need for offworld settlements.
Question: What can you tell us about the founding of
Asgardia, its principles, aims, and constitution?
Lembit Opik: On 12 October 2016, during a press
conference at the Ritz hotel in Paris, Dr Igor Ashurbeyli
announced the creation of Asgardia, a Space Nation the first in the history of humanity. Asgardia aims to
create the society that will be required for when humans
eventually live in space. We want to democratise access
to space, giving ordinary people who are undoubtedly
the future of the human race, the chance to take part in
space exploration and policy creation.
Asgardia is a truly avant-garde, technocratic and

futuristic state. But we call it a space kingdom. Because,
first and foremost, Asgardia is a reflection of humanity’s
beautiful and ancient dream of a divine and peaceful
land in Heaven, a place that people have always striven
so ardently to reach. A place where there is no pain or
hatred, just love and joy. Is not this romantic vision of
the free human spirit more important than the
pragmatism of our entire world on Earth?
Question: What’s your assessment of the future for
humans in space?
Lembit Opik: At some point in the future, space will
cease to be the preserve of solely the highly trained
and specialist astronauts that currently make up
humanity’s presence in space. There will have to be a
fully functioning society if the human race is to continue
its survival away from Earth. A huge part of this will be
the birth of the first baby in space, requiring – in our eyes
– artificial gravity and protection from harsh radiation
from space that is normally deflected by the Earth’s
magnetosphere.
Question: Asgardia plans to establish a permanent
settlement on the Moon by 2043. What are your plans
to achieve this, and why the Moon?
Lembit Opik: The Moon is just one part of Asgardia’s
plans for the future of space infrastructure. Asgardia’s
plans include settlements in Earth Arks, Moon Arks and
Star Arks alongside Moon settlements. We recently
hosted a conference in Darmstadt, Germany to discuss
how this can be achieved in the next 22 years. We had

Lembit Opik, Chair of
Parliament at Asgardia
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academics, scientists and astronauts from around the
world come together to present their ideas on how to
face these challenges. The conference topics ranged
from the science behind a baby being born in space to
the way that investment in space projects will manifest
in the near future.
Securing a safe water supply is essential for the
creation of a Moon base. It is a basic human requirement
and technology for water purification and creation will
be a key part of making a settlement a reality. Other
challenges will come up as we get closer and closer to
making this a reality in the near future. It is hard to exactly
predict which will be the biggest challenge, it may turn
out not to be physical at all. Human psychology is often
misunderstood and the effect that living in space or on
the Moon could well be the biggest barrier in our way.
At this point we just don’t know, but that is what makes
exploration exciting.
Question: What impact do you feel off-world human
settlements will have on humankind as a whole?
Lembit Opik: The impact will be the continuation of the
human race’s survival if something were to happen to
the Earth in the short, medium or long-term. This is the
primary impact, but undoubtedly the nations and
peoples of Earth will benefit enormously from the
advances in technology that will facilitate us living in
space and on other terrestrial bodies.
Question: We’re now 50 years on from the Apollo 11
landing. What impact have space technologies had
on our lives since then?
Lembit Opik: Our everyday lives are – obviously –
immeasurably different to those of 50 years ago, but
the influence of the Apollo program and wider space
race cannot be understated. From communications and
navigation to new materials we are now constantly in

contact with technology – directly or indirectly – that
has come from the development of new solutions to
the problems presented by space travel.
Question: The NewSpace sector is booming right now,
with a whole host of technologies like re-usable
launch vehicles, off-world mining, 3D-printing in
space, and off-world agriculture all receiving a great
deal of attention. What’s your assessment of the
NewSpace sector as it stands now?
Lembit Opik: As a sector it looks to be set to really take
off – pardon the pun – in the next few years. There is
some really exciting stuff going on as well as the topics
mentioned in this question. For example, in data storage,
off-world industry and power generation. It could be that
in future many of the so called ‘dirty’ industries that we
currently have to facilitate on Earth are moved to space,
helping to create a more hospitable planet. The coldness
of space means that computing could be made hugely
more efficient, with natural cooling and the vast amount
of room that space affords we could see this present a
solution to the vast amounts of data we are now
recording about every facet of our daily lives.
Question: What are your expectations for the next 25
years of space exploration?
Lembit Opik: We have already set out an ambition to
see the first baby born in space within 25 years, Asgardia
is now three years old – leaving us 22 years left to
achieve this. If we look back over the last decade, we
have come so far in terms of bringing down the cost of
space travel, in the next 25 years we are likely to see
space tourism, space-based internet and settlements –
and that is just basing a prediction on the current
companies that have set out their plans already. Without
a doubt we will see more projects such as these develop
in ways that we cannot possibly predict.

Artists impression courtesy
of James Vaughn
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Launching from the sky
Satellite launch opportunities
have never been as great as they
are right now. From the
precedent set by traditional GEO
launch vehicles, we now live in a
world of dedicated small satellite
launchers, rideshare options, reusable launch vehicles, and,
looking to the future, air and
balloon launched satellites.
For as long as satellites have been
launched to orbit, the rockets we’ve all
become familiar with - Ariane, Vega,
Falcon, Proton, Long March, PSLV,
Electron, Kosmos, Soyuz, Atlas, Delta have been the key to delivering these
payloads into space. Traditional single-use
rockets, and more recently, re-useable
LauncherOne separates from Cosmic Girl for drop test
rockets, have served the space sector
exceptionally well; when you consider the
feat these vehicles are achieving, it’s
staggering that there are so few failures.
companies are increasingly focusing on increasing
Despite humankind’s long and positive history with
capabilities for the very small (through rideshares or
land-launched rockets, several commercial and
dedicated launchers) and very large (via new massive
governmental entities are now researching alternative
rockets such as SpaceX’s BFR, a stepping stone on the
methods; in-air launches from planes, and balloon
way to deep space exploration) launch needs. It’s also
launches. Today, we’re looking at entirely new methods
been highlighted that planes may well generate large
for launching satellites into orbit.
lateral forces that could damage sensitive payloads.
Back in 2016, SpaceX’s Elon Musk opined at a Royal
The possibilities of air launches
Aeronautical Society lecture that air launches are just
Why the move away from rockets? Some advocates
not worth it: “…you’re high up there and so surely that’s
claim that air launches hold significant advantages over
good and you’re going at 0.7 or 0.8 Mach and you’ve
land launches, because of the reduced mass, thrust and
got some speed and altitude, you can use a higher
cost of the rocket itself. Indeed, much of the fuel
expansion ratio on the nozzle, doesn’t all that add up to
required for traditional land launches is needed to lift
a meaningful improvement in payload to orbit? The
the rocket and its payload beyond Earth’s low and dense
answer is no, it does not, unfortunately. It’s quite a small
atmosphere. The higher densities at lower altitudes
improvement. It’s maybe a five percent improvement in
produce larger drag forces on the rocket, while thrust is
payload to orbit...and then you’ve got this humungous
lost due to over-expansion of the exhaust at high
plane to deal with. Which is just like having a stage. From
pressure (near the ground) and under-expansion at low
SpaceX’s standpoint, would it make more sense to have
pressure (during the launch).
a gigantic plane or to increase the size of the first stage
Air launches, in contrast, require much less fuel to
by five percent? I’ll take option two. And then, once you
escape Earth’s atmosphere, and the rockets can be
get beyond a certain scale, you just can’t make the plane
optimised for lower ambient pressures, making them
big enough.”
more efficient. Planes, which lift the rocket into the
Despite the naysayers, quite a few people are betting
optimal air launch position, can make this initial flight
on air launches becoming a viable addition to today’s
much more efficiently than a rocket alone, not requiring
collection of satellite launch options.
an oxidiser. This reduction in rocket weight means that
the payload itself can be larger, reducing launch costs
Virgin Orbit completes first drop test
per pound. Air launches are also less constrained by bad
Most famously, there’s Richard Branson’s Virgin Orbit,
weather: Rain or storms are not often the cause of
which in June 2019 tested its satellite delivery rocket
grounded passenger planes, and aircraft can manoeuvre
for the first time. Virgin Orbit has been developing its air
around bad weather systems.
launch system since 2015, which will utilise a modified
Air launches do come with their own disadvantages
747 plane (Cosmic Girl) to carry a rocket to a high altitude;
though; they are far from a one-size-fits-all solution.
once there, the rocket will be released from beneath
There is a very definitely limit to the size of payload which
the wing of the plane, fired up, and will carry its payload
can be launched, whereas today’s land launch
into orbit.

16

NewSpace International - November/December 2019

www.newspaceinternational.com

#SATELLITE #LAUNCHERS #VIRGIN #ARIANESPACE #DELTA #SPACEX #PEGASUS
The company envisions that LauncherOne will have
a 500kg capacity for equatorial orbit launches, and a
300kg capacity for Sun-synchronous orbit launches.
In June, the company flew its LauncherOne rocket
into the air and released it over the Mojave Desert for
the first time. The drop test validated the design of the
carrier plane, Cosmic Girl, and demonstrated the
effectiveness of the launch system and its ability to
utilise regular airstrips instead of rocket launch pads. To
simulate the weight of a payload, the rocket was filled
with water and antifreeze, and was flown to 35,000 feet
before its release.
“The whole flight went incredibly well. The release
was extremely smooth, and the rocket fell away nicely.
There was a small roll with the aircraft, just as we
expected. Everything matched what we’d seen in the
simulators well – in fact, the release dynamics and the
aircraft handling qualities were both better than we
expected. This was the best kind of test flight sortie from
a test pilot’s perspective – an uneventful one,” said Pilot
Kelly Latimer.
Virgin Orbit’s next steps include the construction of
its first orbital test flight rocket. On the company’s
website, Richard Branson stated: “The purpose of the
test was to ensure the rocket and aircraft separated
cleanly and to observe how the rocket freefell through
the air. The team are now hard at work analysing the
results as we move towards our first space shot. We
will now focus on testing the rocket we’ll send to space
in the very near future, while still building the rockets
for subsequent missions.”
The end for Scaled Composites?
Another billionaire-fronted company, the now late
Microsoft co-founder Paul G. Allen’s Scaled Composites,

has been working on air launch technology since 2011.
The company has spent years developing its Scaled
Composites Model 351 Stratolaunch aircraft; the largest
plane ever flown has a wingspan of 385 feet and is
intended to carry a whopping 250,000kg payload up to
35,000 feet. The goal was to carry as many as three
Orbital ATK (now Northrop Grumman) Pegasus XL
rockets for satellite air launches into orbit by 2022.
In April 2019, the record-breaking plane made its
virgin flight. Staying aloft for 149 minutes and
successfully landing back in Mojave, this was a great
first step for the company. Despite this momentous
achievement, reports in the interim from anonymous
sources have rumoured that the company is closing up
shop. However, the company itself rigorously denies the
rumours, and asserts that ‘Stratolaunch remains
operational.’ The future for the company remains
unclear, with other rumours signalling there may be a
sell off of its IP – We’ll have to keep a close eye on this
one.
Generation Orbit Launch Services completes Critical
Design Review
Founded in 2011, Generation Orbit Launch Services (GO)
is developing air launch technology for the delivery of
small payloads into orbit with improved flexibility,
reduced costs, and reduced time to launch. The
SpaceWorks Enterprises subsidiary is working on the
GOLauncher family, a collection of high-speed flight and
space launch systems, which utilise a Learjet 35 aircraft,
first flown in 2014, for air launch.
GO is currently focusing on the GoLauncher 1 (GO1),
a single stage suborbital rocket specifically designed
for hypersonic flight research, now designated X-60A.
The Air Force Research Laboratory (AFRL), Aerospace

Pegasus is carried to
40,000 feet on the
Stargazer L-1011 carrier
aircraft
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Systems Directorate, High Speed Systems Division, is
working in partnership with GO on the development of
GO1. This is the first Air Force Small Business Innovative
Research program to receive an experimental ‘X’
designation, in a long line of historical X-planes that
includes hypersonic vehicles such as the X-15 and X51A.
As of March 2019, the X-60A has completed its Critical
Design Review, moving the project on to the fabrication
phase, with the maiden flight planned for 2020. AFRL’s
motivation for the X-60A program is to increase the
frequency of flight testing while lowering the cost of
maturing hypersonic technologies in relevant flight
conditions. While hypersonic ground test facilities are
vital in technology development, it is also important to
test those technologies with actual hypersonic flight
conditions.
Northrop Grumman: A stalwart in air launches
Initially designed by Orbital Sciences Corporation, which
became Orbital ATK, and was later acquired by Northrop
Grumman, the Pegasus air launched rocket is the oldest
in existence, first flying in 1990, and still active today.
Pegasus is carried to 40,000 feet on the Stargazer L1011 carrier aircraft before being released and is capable
of carrying small payloads of up to 443kg into low Earth
orbit (LEO).
According to Northrop Grumman, Pegasus has

completed 43 missions from six launch sites around the
world.
Far from alone
Virgin Orbit, Scaled Composites, Generation Orbit and
Northrop Grumman have been in good company over
the years.
NASA spent a good few years on its towed glider airlaunch system (TGALS), a two-stage air launched
reusable launch system that utilises a glider, tow plane
and rocket, to carry small satellites into orbit. A
successful maiden test flight of the glider took place in
2014, however, there has been very little further news,
and the project appears to have been archived for now.
Meanwhile, ARCA Space Corporation, which specialises
in rockets and unmanned aircraft, spent decades in the
aerospace industry, with brief forays into air launches
with its Helen 2 rocket lifted via hot air balloon. Again,
there’s been little news out of the company in recent
years about its air launch capabilities.
We can expect to see the air launch sector come on
in leaps and bounds in the coming years if Virgin Orbit
and Generation Orbit have anything to say about it; the
future of Scaled Composites is unclear, but we look
forward to hearing more news on the company going
forwards. Meanwhile, new market entrants will no doubt
make themselves known off the back of the success of
the early adopters.

Virgin Orbit’s Long Beach
factory as seen in April
2019
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Nanosatellite mission integrator
NanoAvionics is a nanosatellite mission
integrator that delivers satellite buses and
propulsion systems from its facilities in North
America and Europe. With more than 75
successful satellite missions and commercial
projects, shipped to 27 different countries, the
company continues to forge ahead in the
satellite sector. Vytenic Buzas, Co-Founder
and Chief Executive Officer at NanoAvionics,
opines on the company’s future and latest
developments.
Question: Can you provide us an overview of
NanoAvionics’ capabilities and expertise within the
satellite sector?
Vytenic Buzas: When we founded NanoAvionics, we
wanted it to be a partner for the private sector that
requires revenue streams dependant on satellite
technology, offering them faster, better, and more costefficient access to satellite communication services and
applications.
Our M6P nanosatellite bus was the first preconfigured
satellite bus in the market, suitable for a highly diverse
range of commercial and scientific missions. Its unified
design allows NanoAvionics to use an industrialised,
mass production approach in nanosatellite
manufacturing for even faster lead times and costefficiency.
NanoAvionics were also the first company to put a
nanosatellite, LituanicaSAT-2, with environmentally
friendly ‘green’ chemical propulsion, developed inhouse, into orbit. Its usage contributes to ESA’s and
NASA’s clean space initiatives. Of course, all the satellites
in our planned global IoT constellation-as-a-service will
be equipped with that, too.
Our Enabling Propulsion System for Small Satellites
(EPSS) is capable of performing high-impulse
manoeuvres such as orbital deployment, orbit
maintenance, precision flight in formations, orbit
synchronisation and atmospheric drag compensation,
which before were features more associated with larger
satellites.
Question: Over the summer, NanoAvionics and a
consortium of patterns were awarded Euro10 million
for the first demonstration of the precursor stage of
the Global Internet of Things (GIoT) nanosatellite
constellation. What can you tell us about this project,
and how you expect it to develop?
Vytenic Buzas: NanoAvionics’ future Global Internet of
Things (GIoT) infrastructure is a tremendous project that
without our fantastic partners and people at KSAT and
Antwerp Space wouldn’t have been possible to
conceive. And the financial support by our investors at
the EU and ESA among others show their confidence in
the project.
At the moment, there isn’t a single communications
technology that can reach all the possible markets and
users requiring IoT connectivity across the globe, with
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Vytenic Buzas, CoFounder and Chief
Executive Officer at
NanoAvionics

many dead zones that cannot be easily be reached
through conventional methods. NanoAvionics’ planned
GIoT constellation combines the core strengths of the
consortium’s partners providing a one-stop-shop offer
to establish an IoT infrastructure. It will give IoT and
machine-to-machine (M2M) service providers the means
to put their payloads into orbit and run their services
through the interconnected network, allowing them to
be economically viable, globally scalable and
competitive. NanoAvionics’ constellation-as-a-service
will also give them a ten-fold reduction in the cost of
their global IoT/M2M communications. I really believe
the GIoT system will lower the entry barriers for IoT
innovators and enable them to devise new ways of M2M
communications.
The GIoT system consists of several main
contributions from each partner. NanoAvionics will add
its reliable nanosatellite buses which are powered by
‘green’ chemical propulsion and enabling constellation
synchronisation. We will also provide a modular and
scalable mission control system and integration as well
as launch services. The global real-time connectivity will
be established via KSAT’s network of ground stations
network and Antwerp Space’s inter-satellite link.
At the end of next year, the pre-cursor stage,
consisting of two to three of NanoAvionics’
interconnected nanosatellites, will be launched into low
Earth orbit (LEO). This will already allow IoT/M2M service
providers to offer services via our infrastructure. We will
continue to add more nanosatellites and the final GIoT
constellation with an interconnected network of 72
satellites and global real-time coverage will be ready
towards the end of 2023.
Question: The IoT is starting to penetrate everyday
lives all across the world. Which areas do you think
will feel the greatest impact as the IoT becomes more
commonly used, and what is the outlook for satellite
operators?
Vytenic Buzas: That’s right. There’s hardly an aspect of
modern life that doesn’t in one way, or another involve
IoT. Employing LEO IoT infrastructure based on
nanosatellites with inter-satellite links would allow
service providers access to the vast opportunity
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represented by the mainstream IoT/M2M market, with
a high market potential uptake. The industries I expect
to be among the first to widely adopt and benefit from
IoT technologies are discrete manufacturing,
transportation, agriculture, construction logistics and
utilities.
One has to bear in mind that existing cellular networks
today only provide complete coverage of densely
populated parts of the world’s landmass, which
comprises less than 20 percent of the total Earth surface.
That means 80 percent aren’t covered, and let’s not
forget there are maritime applications too. Therefore,
satellite operators have a massive opportunity to cover
these remaining 80 percent with communication
services.
According to Northern Sky Research’s latest M2M and
IoT via satellite report, revenues of US$11.6 billion will
be generated over the next 10 years. And Machina
Research predicts that the total worldwide IoT market
opportunity will be worth US$3 trillion in 2024. In the
long-term, NSR also expects small satellite IoT
constellations to disrupt the market. More than half of
these figures comes from application development,
systems integration, hosting and data monetisation
which is the targeted market segment of the
NanoAvionics’ GIoT service. There are huge
opportunities for nanosatellite mission integrators like
NanoAvioncs.
Question: At the start of the year, NanoAvionics
opened a new sales and technical support office in
the UK. What impact has this had on the business to
date, and why the UK?

Photo courtesy of NanoAvionics

Vytenic Buzas: Even before we established the office
at Harwell Campus, we had been successfully working
with UK-based companies. However, we noticed
additional relationship-building opportunities of being
physically surrounded by innovative space-related
companies, many of which have been emerging in the
UK and are frequently relying on cost-efficient access
to space provided by nanosatellites like the
NanoAvionics M6P. The Harwell Space Cluster is a great
environment with access to excellent talent. So far it has
been serving our need perfectly and our decision to set
up an office there has paid off.
Question: Later in August, NanoAvionics opened a new
factory and office in the USA and appointed a new CEO
for the US and new Business Development Manager
for Western Europe. What can you tell us about the
new site and appointments, and what it means for
NanoAvionics as a whole?
Vytenic Buzas: We are growing rapidly. Last year alone
we have doubled our staff, now counting 80 employees,
and revenue went up almost five times. With both F.
Brent Abbott as our new CEO North America and Robin
Sampson as business development manager for the UK
and Western Europe we have hired two world-class
talents and veterans in the spacetech industry who will
be instrumental to advance NanoAvionics position in
both regions. To continue our plans for business
expansion both North America and Europe are very
important markets.
About 50 percent of the global demand for small
satellites comes from US customers and some US
government customers are required to buy satellites
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manufactured in the United States. We had been looking
for a way to enter the US market for years and found
one through our agreement with Avellan Space
Technology & Science, which is refurbishing the Midland
manufacturing plant in Texas that previously housed
XCOR Aerospace.
In the Midland facility we will manufacture satellites
for the US market. It will also give us the space and
capabilities to produce satellites for European
customers who need high volume production.
Question 5: Another fairly recent deal saw
NanoAvionics sign a second contract with Lacuna
Space for the integration of the Lacuna Space LoRabased Space Gateway into NanoAvionics’ M6P
nanosatellite bus. We understand this isn’t the first
time you’ve worked with Lacuna Space.
Vytenic Buzas: We’ve been successfully collaborating
on the first Lacuna Space technology demonstration
mission launched aboard the Polar Satellite Launch
Vehicle (PSLV C45) from India’s Satish Dhawan Space
Centre on in April 2019. We used our MP6 bus to host
the payload.
The MP6 is a versatile and volume-efficient
nanosatellite bus optimised for IoT, M2M, AIS (automatic
identification system for maritime vessels), ADS-B
applications (allowing aircrafts to broadcast their identity,
position and other information) and it supports Earth
observation payloads. The mission is still in progress,

but they had a successful conclusion of the first phase
of testing. According to Lacuna Space, the satellite and
the Space Gateway outperformed their expectations.
Even with those excellent results, being chosen again
by Lacuna Space is very significant because returning
customers are not a frequent thing in this industry. I am
therefore very proud that they choose us again as a
nanosatellite bus and integration services supplier.
This new agreement will add another M6P-based
satellite to join Lacuna Space’s internet of things (IoT)
satellite constellation. Their aim is to optimise the
performance of the payloads and to validate the
performance of the pilot service by demonstrating the
system in tests with users in many locations around the
world.
Question 6: What’s on the horizon for NanoAvionics in
2020?
Vytenic Buzas: We will continue growing the business
and keep working on the in-orbit demonstration of our
GIoT constellation and our ongoing discussions with trial
customers.
Over the course of next year, we are going to expand
a significant portion of our research, development and
manufacturing activities to the United States. While I
cannot reveal names, yet I can confirm that
NanoAvionics has 16 new nanosatellites in our
production line for various customers and some of these
will be built in our new US facility in Midland.
Photo courtesy of NanoAvionics
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The office of Satellite Application Catapult, where Methera Global is co-located

Delivering fibre-like
speeds

UK-based Methera Global Communications
plans to launch a constellation of satellites
into MEO to enable governments, telecom
companies and Internet service providers to
deliver digital applications with fibre-like
speeds to areas of the world where fibre is
impractical. David Gilmore, CCO, outlines the
company’s plans for success and the
technologies that will enable it.
Question: Methera is a pretty new entrant to the space
sector; what’s your assessment of the industry as it
stands, and the potential for Methera within it?
David Gilmore: Methera is focussing on the voracious
demand for broadband capacity which is more than
doubling year on year. The satellite broadband demand
has mostly been met by geostationary (GEO) satellites,
which have been expensive, in fact too expensive for a
quality and affordable consumer service. The continued
rapid development of high throughput satellite (HTS)
technology is disrupting the GEO replenishment cycle
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and creating uncertainty for satellite operators. As a
consequence, there are fewer large GEO satellites being
ordered and launched. GEO satellite capacity pricing (£/
Mbps/month) is under serious threat from emerging
LEO constellations, promising global broadband
coverage at a much lower price point.
Since the LEO networks need between one hundred
and several thousand satellites, their CAPEX is very high
(billions of pounds). Methera’s initial 16-18 satellite MEO
network does not attempt to cover the entire Earth
concurrently but will focus its capacity into narrow
beams into selected targeted nations – thereby
delivering a huge amount of capacity into each region.
As we sign more customers, we will add capacity to the
network by launching more satellites. CAPEX for our
initial network will be an order of magnitude lower than
the LEO networks, and our end-user price point will be
highly competitive.
This year, having fully established our team, we have
worked on confirming the market and system design,
and will continue to grow our customer base.
Question: In May, you were selected as one of just
seven companies to attend the Seraphim Space Camp
Accelerator program. What sets you apart from the
rest?
David Gilmore: We were delighted to be selected for
the Seraphim Accelerator, and areas that we have been
told were key include our diverse and talented
leadership team, the fact that our system approach is
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almost the opposite of our competitors, our innovative
use of proven technology building blocks, and the
tremendous support given to the programme by the UK
Government.
Question: In your releases, you’ve been quite
enthusiastic about providing sustainable economic
growth for underserved areas. What are Methera’s
long-term plans regarding its impact worldwide?
David Gilmore: We plan to operate initially in a handful
of carefully targeted nations, working with the
governments to introduce very affordable Internet
connectivity to facilitate the use of digital applications
such as health, education and trade for the benefit of
the consumers and the nations. For example, one of our
customers has developed a key community hub
delivering education, entertainment and healthcare.
Initially there will be some government assistance, but
the centres will quickly become self-sustaining
environments run by local organisations…
We are seeing more of these initiatives and
opportunities across the globe and we are encouraging
and working with application developers in areas such
as fintech, agritech, health, education and many others
to collaborate on developing and delivering solutions
for such environments. The Methera Partner Programme
is our initiative to bring such parties together to
collaborate and develop real world services that will
utilise and benefit from affordable, high capacity
broadband.
Our system is scalable and in response to market
demand we will add capacity increasing national
coverage and introducing service in new countries.
Question: We were excited to learn you plan to put a
constellation of 16 new medium Earth orbit (MEO)
satellites up in 2022, is there anything new you can
tell us about this remarkable plan?
David Gilmore: So are we! Our plan is to launch the first
of three or four batches of satellites at the end of 2022
and the balance in the next year. We’ll start full
commercial service in 2023 after a period of satellite in
orbit testing and end to end network commissioning.
We expect to send out tenders for the space
segment, ground segment and launch vehicle in the
very near future.
It’s great building a company to realise our initial ideas.
We are now firmly focussed on bringing the system into
service and having a transformational effect on defence
communications, teleservice providers, and most
importantly of all, bridging the digital divide and
improving lives in emerging countries.
Question: There are a lot of planned low Earth orbit
(LEO) constellations in the works, but very few in MEO.
Why do you think that is, and what advantages does
MEO have over LEO?
David Gilmore: The LEO operators have a very different
business model and customer-base to Methera. Their
systems ‘revolve’ around providing a thin veneer of
capacity around the Earth and hoovering up as many
customers as they can. Whereas we are ‘focussed’ on
delivering huge amounts of capacity into targeted
regions; thereby creating a step-change in capabilities
for governments, teleservice providers and defence.
MEO provides the optimum flexibility to enable multiple
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David Gilmore, CCO, Methera Global
Communications

satellites to deliver services anywhere on Earth at
extremely short notice; thereby supporting our
requirement for dynamic, high density broadband
provision.
LEOs can provide global coverage continuously,
however increasing capacity in any particular region is
extremely difficult for them. Methera is the opposite; we
excel at providing surge capacity but are not attempting
to continuously cover the whole globe. Maybe a future
partnership will see us providing the ‘best of both
worlds;’ global coverage with real-time surge capability.
Question: The UK’s aerospace industry is sometimes
overshadowed by those of its allies, but you’ve been
very ambitious. Do you anticipate being a competitive
presence on the world stage, and if so, how do you
intend to maintain your edge?
David Gilmore: Introducing a novel, global broadband
service to support defence, teleservice providers and
emerging countries can only succeed if it is competitive
on the world stage. We started small with a disruptive
business model and target customer set; the
momentum is growing, and to Methera, flexibility and
agility remain key to not only our service offering, but to
the very heart and culture of the company.
Question: Ambitiously, you claim your high-density
systems can not only deliver unprecedented levels
of high performance, but also lower bandwidth costs,
making them more affordable. How are you getting
the best of both worlds?
David Gilmore: We can deliver all the capacity in our
system to exactly where we want, and where our
customers need. None of it is wasted over water for
example. We expect a higher fill factor than the LEO
systems and therefore a greater efficiency. Couple that
with designing the system to a strict cost target gives a
leading edge.
Methera has also designed and proven a low-cost
user terminal, which we are moving to development.
The end user cost is dependent on a service cost and a
terminal cost; LEO systems are planning to use
electronically steered antennas, and we believe our
mechanically steered terminal will be significantly
cheaper for a long period, while the electronically
steered antennas gain manufacturing volume to come
anywhere near our price potential.
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Space 2.0 - Satellite operations engineering in
the era of constellations
As a new wave of highly ambitious
constellations of small satellites edges closer
to reality, questions are arising as to how these
constellations will be managed. Paul AlbertLebrun, Junior Satellite Operations Engineer
at Kepler Communications, outlines the
operation and maintenance of Kepler
Communications’ upcoming constellation,
and how the current methods for managing
telecommunications satellites will be
advanced.

The last 20 years have seen a radical reduction of the
barriers to space access and the enablement of an
unprecedented level of private development in orbit.
Decreased launch costs, rideshare programs, and the
standardization of satellite components and launch
integration have all contributed to this opportunity boom.
These advances have set the stage for a deluge of new
private space ventures, with many proposing to orbit
large constellations of hundreds, or even thousands of
satellites in low Earth orbit (LEO).
However, the challenges of managing systems of
such outsized proportions are often underdiscussed.
Traditionally, a satellite launched into space will have

an entire team of highly technical staff dedicated to
operating its onboard systems and troubleshooting any
issues encountered during its mission. Using this
approach, the management of a thousand satellites
would require a small army! This is an example of one
challenge that new LEO constellation operators must
face.
Toronto’s Kepler Communications Inc. – a startup
looking to orbit 140 telecommunications satellites in LEO
– is one such group. Kepler already has two satellites in
orbit today but plans to rapidly increase this number
successively over the next three years until its 140satellite constellation is complete. To accomplish this
mission, Kepler has needed to reshape and redefine
traditional satellite operation procedures to suit its
modern-era system.
Old-school methodologies demanded manual
attention for every piece of telemetry received from a
satellite – necessary to safeguard the hundred-milliondollar investments that they used to represent. But such
solutions aren’t scalable for constellations. Efficient
management of large constellations now demands that
many of these same processes be automated, reducing
the subset of critical telemetry that requires attention
by operations staff.
But when it comes to the challenges of space,
redefining the old is no simple task. Amongst the many

[Left to Right] Paul Albert-Lebrun Junior Satellite Operations Engineer, and Jakub Urbanek Lead Satellite Operations Engineer from
Kepler Communications
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aspects that must be considered, one must incorporate
the legacy procedures in a way that meshes with
modern times. What does this mean practically?
Automating telemetry analysis and response
One of the critical functions of a satellite operations
engineer is to keep satellites healthy and fully functional.
Because space is shared, anomalous behaviours
encountered on orbit can carry ramifications for
everyone. For example, a rogue transmitter could spew
interference into antennas on the ground and other
spacecraft. Therefore, operations engineers must be
capable of identifying and debugging on-board errors
quickly and efficiently. But, since spacecrafts are
complex systems operating in a harsh environment, this
task is formidable even for a single satellite, much less
tens or hundreds of them.
Consider an example of a car dashboard with 10
possible warning lights, each illuminated when certain
sensors report an issue. While driving in heavy traffic,
three lights turn on. The driver decides that the best
immediate response is to pull over to a safe stop and
investigate the possible causes for the lights. After an
initial inspection, they decide that a mechanic is needed.
The mechanic must then diagnose and repair the car,
while the driver reschedules what they were supposed
to do that day. Now, consider that there are 100 cars,
each with hundreds of possible dashboard light
combinations and that the drivers and their cars need
to remain operational for upwards of 99 percent of time
each. The number of inspections needed to be done by
both drivers and mechanics will surge. Two distinct
challenges emerge from this situation. First, the routing
and scheduling of cars to mechanics now becomes a
logistical challenge in its own right; and second, the
regular handling and correction of such a staggering
number of faults (each of which could be unique) would
be a stupendous task.
Moreover, LEO constellations tend to exist across
multiple orbital planes, and will therefore have
constraints on when and where ground commands can
be issued from. In the car example, this would be
equivalent to mechanics trying to simultaneously service
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tens of cars while they all move in different directions.
And if things weren’t tricky enough already, the
mechanic cannot see or touch the car!
The scale and reliability requirements of managing
such fleets would dictate massive operational resources,
even granting that all satellites are unlikely to flag a suite
of problems at the same time. The criticality of
automating telemetry analysis and response cannot be
understated. To tackle this challenge, Kepler’s satellite
operations team breaks down autonomous behaviour
assessment into three key aspects:
1) What is considered a notable behaviour and how
is it defined?
2) What decision paths can automation take?
3) How is a decision carried out?
Assume our car is autonomous: It relies on a suite of
sensors to make real-world decisions that relate to its
mission. If a benign bug causes a sensor to start reporting
strange data, a modern car will be intelligent enough to
run self-diagnostic and restart the sensor - likely solving
the problem on its own. For many small satellites, the
standard procedure would be to log the anomalous
event, and likely stop all non-critical operations and wait
for help, regardless of severity. But both the car and our
spacecraft cannot practically receive a ‘mechanic’ for
benign problems. By systematically addressing these
three questions for each satellite platform, a
constellation can be scaled safely and reliably.
Anomalies that go beyond the logic implemented
Distinguishing operations that can be reliably automated
from those that merit human intervention is fundamental
to success. Implementing an automated response is not
always trivial and can be complicated by corner cases.
Addressing this effectively requires designing for it in
every element of the system.
To that end, Kepler continually revises its operational
practices and develops them with the knowledge
obtained from its presently operating satellites. Its new
satellites are launched gradually, allowing it to validate
its concept of operations and carefully identify
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operations suitable for automation. With time, the
instances that require manual intervention will shrink.
However, it is important to acknowledge that not all
aspects of satellite operations can be automated. This
understanding is critical for the safe scaling of Kepler’s
constellation and ensuring the reliability of its future
network.
Operating in-house
To attain better control over the network, reduce risks,
and allow it to iterate and innovate quickly, Kepler
performs all of its own satellite operations in-house. This
gives Kepler the opportunity to learn from its satellites
directly, troubleshoot anomalous behaviours and
implement solutions at an aggressive pace. As the fleet
continues to grow and its automation becomes more
capable, Kepler will be able to continually reduce the
overhead required for the safe operations of its network.

The new entrepreneurial space race is an exciting
time for satellite operators. Constellation operation
presents entirely novel challenges that demand
operators to rethink well-established practices. New,
cutting edge technology will need to be carefully
integrated with existing prudence to overcome these
challenges, an exciting road to say the least. Further,
automated tasks could be applicable to more than just
satellite health. Communication with ground stations and
optimal routing of intersatellite links would both benefit
from intelligent onboard decision making. For some of
these purposes, it might be possible to extend
functionality beyond the confines of a single
constellation, incorporating different systems within an
inter-operator network. Exactly how the landscape will
change remains anyone’s guess, but one needn’t go far
to imagine the advancements that might be witnessed
in the years to come.

Photo courtesy of Kepler

28

NewSpace International - November/December 2019

www.newspaceinternational.com

#SPACE #SPACEFLIGHT #SPACEX #BLUEORIGIN #VIRGINGALACTIC

Photo courtesy of Kepler

www.newspaceinternational.com

NewSpace International - November/December 2019

29

ADVERTISERS’ INDEX
The November/December issue of NewSpace
International has featured the following
advertisements:
Advertiser

Page

Advantech Wireless
2
36th Space Symposium 7
AzureShine
27
Comtech Xicom
5
GVF
IBC
Proactive
13
PTC
19
STN
OBC

30

NewSpace International - November/December 2019

COMING SOON...
Enjoyed this issue of NewSpace
International magazine? Hold onto your
hats, because there’s much more to come!
Coming up in NewSpace
International April 2020
• News
• Emerging space technology
• Off-world settlements
• Manufacturing in space
• On-orbit servicing
• Deep space travel
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