
NewSpace International - April 2020 www.newspaceinternational.com24

#ROBOTS #SPOT #MEDTRONIC #SKYBOT #ISS #NASA #ROSCOSMOS

Robots in Space
The robotics sector has come
along in leaps and bounds in
recent years, with new
prototypes and applications
grabbing the headlines of major
media outlets. With a significant
history of off-world exploration,
robots play a major role in the
space sector, surveying new
planets and moons, and soon,
providing on-orbit services for
satellites.

At the end of 2019, Boston Dynamics launched Spot, a robot dog

Despite the numerous films warning of
the dangers – note ‘I, Robot,’ ‘The
Terminator,’ ‘Minority Report’ – of allowing
robots and artificial intelligence (AI) access
to our everyday lives, progress marches
onwards, and robots are becoming
increasingly commonplace across the globe.

Collaborative robots, or cobots, are popping up in
workplaces everywhere, according to the latest World
Robotics Report published by the International
Federation of Robotics. The federation tracked a 23
percent increase in cobot installations from 2017-2018,
with almost 14,000 new installations in 2018. That
number is expected to double by 2021. The entire
robotics sector also showed impressive growth, with
some 422,000 units shipped in 2018, six percent more
than in 2017.

“We saw a dynamic performance in 2018 with a new
sales record, even as the main customers for robots –
the automotive and electrical-electronics industry – had
a difficult year,” said Junji Tsuda, President of the
International Federation of Robotics. “The US-China
trade conflict imposes uncertainty to the global
economy – customers tend to postpone investments.
But it is exciting, that the mark of 400,000 robot
installations per year has been passed for the first time.
The IFR´s longer term outlook shows that the ongoing
automation trend and continued technical
improvements will result in double digit growth, with an
estimate of about 584,000 units in 2022.”

Growth is expanding into new sectors, where
automation has previously been unusual, particularly
mining, construction and healthcare. China continues as
the world leader in the industrial robot segment,
accounting for 36 percent of installed units. Meanwhile,
in the USA, the number of robot installations grew for
an eighth consecutive year by 22 percent to 40,300 units
in 2018.

The latest developments in robotics
So, the global robotics industry is thriving – that much is
clear. One of the great things about this sector is that,
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like many other high-tech fields, technological advances
in one area are quickly adopted by others. For instance,
a major leap forward in robotic nimbleness in the medical
sector can also be applied in the manufacturing or space
sectors. A win for one is a win for all! Indeed, there are
some fantastic developments in the world of robotics
taking place right now, with future potential applications
in a huge range of industries.

At the end of 2019, Boston Dynamics launched Spot,
a robot dog a little too reminiscent of anthology series
Black Mirror’s Metalhead killer robotic dogs (Series 4,
Episode 5). Spot the robotic dog was designed for
autonomous sensing and remote operation needs,
capable of climbing stairs and traversing rough terrains.
The rugged and customisable robot can run at 1.6m/s,
is equipped with 360° cameras, is water and dust-proof,
and operates at -20 to 45°C. Boston Dynamics has
released Spot to a specific group of customers, namely
those in the oil and gas (for remote facility inspection
and to improve awareness of plant operations),
construction (to inspect site progress, create a digital
twin, and compare as built to building information
modelling) and public safety (to provide awareness of
dangerous situations remotely) sectors. Spot’s agility and
impressive capabilities has huge potential in so many
fields – interestingly, Cirque du Soleil (which does not
feature any real animals in its performances) is
reportedly in talks with Boston Dynamics for their show.

Meanwhile, Medtronic launched its new robot-
assisted surgery platform in September 2019, promising
it to be the most flexible and cost-effective system on
the market to date. The Hugo system will be launched
early this year to undisclosed locations. Only two percent
of surgeries around the world are robot-assisted today,
a number that could be easily boosted with the right
tools and lower cost per use, according to Medtronic.
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Russia’s Skybot F850
humanoid robot was
launched to the ISS alone in
a passenger version of the
Soyuz spacecraft . Photo
courtesy of Roscosmos

CEO Omar Ishrak expects robots to ‘change the face of
surgery’ within the next ten years. A great many other
companies are also investing in healthcare robots,
evidencing a large opportunity, and potentially, a major
change for future surgical patients.

In other news, scientists from the University of
Virginia’s School of Engineering have created the first
robotic fish proven to mimic the speed and movements
of yellowfin tuna. The work is expected to produce better
understanding of fish propulsion, which could ultimately
aid development of next generation subsea vehicles in
defence, marine, infrastructure inspection and recreation
applications. The Tunabot tests, taking place in a flow
tank, saw the robot fish tethered with a fishing line, and
a green laser cutting across the middle of the body,
measuring fluid motion shed by the robot. As the tank
current speeds up, the Tunabot’s tail and whole body
move in a rapid bending pattern, similar to the way a
live yellowfin tuna swims. The big question, according
to Project Leader Professor Hilary Bart-Smith, is: “How
can we build something that looks like biology but swims
faster than anything you see out there in the ocean?”

Robots in space
Robots have long held a valuable position in the space
sector, which makes sense when you consider the
environment. Space as a whole, lacks most of the
elements vital for human life – air, water, ambient
temperatures and pressures – and is in fact quite hostile,
with cosmic radiation a huge problem for space
exploration. Accordingly, major space agencies have
utilised robots for off-world exploration for decades now.
Such robots have to be pretty hardy to survive the
rigours of the space environment; they must be strong
enough to survive the sudden acceleration of lift-off;

parts have to be flight qualified both on their own and
when combined; they must also be able to operate in a
huge range of temperatures.

The Soviet Union successfully landed the first roving
remote-controlled robot to land on any celestial body,
Lunokhod 1, on the Moon in 1970. Since then, a handful
of rovers have been landed on the Moon and Mars, by
the Soviet Union, NASA and China. India and ESA also
have rovers planned for launch. Sending these roving
robots, some of which are now semi-autonomous, off-
world, is vital for future space exploration projects,
allowing new areas to be mapped and explored in detail,
and samples to be collected and sent back home.

China is making great strides right now as the first
country to land a spacecraft on the far side of the Moon
(the Chang’e 4 lander and Yutu 2 rover), and with another
four rovers planned, including a sample collection
mission with Chang’e 5 this year. Russia, too, has big
ambitions, of a 2024 orbiter, a 2028 sample collection
and return mission and human flights in 2029-2030, and
is teaming up with China for future robotic lunar missions.
The two countries plan to build a shared data centre
with one outpost in each country, for lunar and deep-
space research, and China’s future Chang’e 7 lander will
work together with Russia’s Luna 26 orbiter.

In other news, ESA has released a call for proposals
for spelunking Moon robots. The agency is looking for
creative solutions for a robotic mission to explore the
caves beneath the Moon’s surface, which could be the
remnants of underground lava tubes. Intact, open tube
segments of lava tubes could be suitable for housing a
permanent lunar base, providing potential access to
several resources, including volatiles and possibly water
ice trapped in cave regolith. 

“Exploring and mapping these tubes could provide
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new information about the Moon’s geology, but they
could also be an interesting option as long-term shelter
for future human visitors to the Moon,” Franceso Sauro,
Director of ESA’s Pangaea planetary geology astronaut
training. “They would shield astronauts from cosmic
radiation and micrometeorites and possibly provide
access to icy water and other resources trapped
underground.”

ESA’s robotic mission campaign therefore seeks to
address the following points:

• Accessing and exploring lunar caves using robotic
systems;  

• Navigating and mapping lunar caves; 
• Communication/power network from surface/

orbit toward the lunar cave’s interior; and
• Science payload to explore lunar caves.

One particularly interesting story from 2019 was
Skybot’s two-week stay on board the International
Space Station (ISS). Russia’s Skybot F850 humanoid
robot was launched to the ISS alone in a passenger
version of the Soyuz spacecraft on board a new 2.1a
rocket – Russia plans to use the system to launch human
crews to the ISS in the near future – which, after some
difficulties, did successfully dock to the ISS. Skybot’s
mission was to see if time could be freed up for humans
on board the ISS to focus on more complicated tasks;
during the stay, it attempted standard cosmonaut chores
including connecting hardware and working with tools.

The robot also maintained a Twitter account
documenting its exploits (apparently, its gears were in
‘good shape’ upon arrival). This application of robots to
fulfil basic tasks in space is set to be a game-changer
once fully refined; with robots performing the
monotonous, repetitive tasks, a huge amount of
astronaut man-hours can be freed up for more important
tasks, including scientific research and wider space
exploration.

On-orbit satellite servicing
This unique application of robotics in space has grabbed
the headlines in recent years as it edges closer to reality;
servicing satellites in space to provide life-extension
solutions will soon be a genuine service on offer by a
select few players. The lifespan of a satellite is currently
dependent upon the amount of fuel on board, and, of
course, on no errors or damage occurring; the ability to
re-fuel or carry out minor repairs, perhaps replacing parts
here or there, could drastically change the economics
of today’s satellite sector.

Northrop Grumman is making headway with its
Mission Extension Vehicle (MEV), a cooperative on-orbit
satellite life extension and manoeuvring services vehicle
for geostationary satellites that will deliver flexible,
scalable, capital-efficient and low-risk solutions.
Northrop Grumman’s MEV docks with up to 80 percent
of existing satellites, providing the propulsion and
attitude control needed to extend their lifetimes. Once
the customer no longer requires the life extension

Tunabot. Photo courtesy
of UVA Engineering
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service, the MEV, which has an expected 15-year
lifetime, can undock and move away to serve its next
customer. Intelsat placed the first order for MEV-1, in
2016, to add an additional five years of life onto an
existing satellite asset – MEV-1 successfully docked to
the client satellite in February 2020 - followed by a
second order, for a second MEV (MEV-2), in January
2018.

Next stage
Northrop Grumman also has plans for the next stage of
its satellite servicing business, namely a new robotic
servicing system consisting of Mission Robotic Vehicles
(MRVs) and Mission Extension Pods (MEPs), which will
provide customers with more flexibility to extend the
life and effect repairs to satellites in-orbit. The MEP is
an external propulsion module that attaches to and
provides up to five years of orbital life extension for
satellites which are running low on fuel. While the
primary application of the MRV is to transport and install
10-12 identical MEPs or other payloads on customer
satellites, it will also offer on-orbit robotic capabilities
for in-orbit repairs and similar functions. One of the new
features of the MRV is the ability it brings to capture
those remaining 20 percent of satellites for servicing that
cannot be targeted by the MEV, utilizing robotic arms.
Northrop Grumman expects to launch the first MRV and
MEPs in 2021.

The US Government’s Defense Advanced Research
Projects Agency (DARPA) also has a Robotic Servicing
of Geosynchronous Satellites (RSGS) programme to
develop technologies that would enable cooperative
inspection and servicing in geostationary orbit. The initial
plan was for DARPA to develop a robotic module and
provide technical expertise and a government-funded
launch, while partner SSL would provide a spacecraft,
integrate the robotic module onto the spacecraft to
create a robotic servicing vehicle (RSV), install the RSV
onto the launch vehicle, and provide a mission operation
centre and staff. After a successful on-orbit
demonstration of the RSV, SSL will operate the vehicle
and make cooperative servicing available to both military
and commercial satellite operators on a fee-for-service
basis. However, SSL’s parent company Maxar
Technologies has pulled out, and now DARPA is seeking
a new partner, reportedly with multiple interested
parties.

NASA is another major organisation working on its
own robotic satellite servicing plan, with a focus on low
Earth orbit (LEO). Its Restore-L mission will feature a suite
of satellite-servicing technologies for on-orbit
rendezvous and grasping, refuelling and repositioning,
and includes an autonomous navigation system with
supporting avionics, dextrous robotic arms and software.
Future candidate applications for individual Restore-L
technologies include on-orbit manufacturing and
assembly, propellant depots, observatory servicing, and
orbital debris management. In 2019, Maxar Technologies
completed a Critical Design Review for Restore-L and
reported that it is on track to ship the bus to NASA this
year for integration with its payload and scheduled
launch in 2022.

Effective Space Solutions Ltd is currently developing
the SPACE DRONE, a satellite servicing spacecraft that
docks to a host satellite with a patent-pending universal
non-intrusive docking system in order to provide station-

keeping and attitude control capabilities to extend the
lifetime of a satellite by several years. The company’s
initial focus for the SPACE DRONE is on station-keeping
and attitude control, relocation, deorbiting, orbit and
inclination correction and ‘bringing into use’ (BIU),
however, the spacecraft could be deployed in the future
for active debris removal, the support of low or medium
Earth orbit constellations and in-space explorations,
mining and manufacturing logistics. There’s been little
news in 2019 on the SPACE DRONE project – updates
eagerly awaited!

The future of robotics
Robotics as a field has huge potential to change the
world, automating processes, cutting costs, and making
life easier for the masses. In space, the potential is
massive; from deep space exploration to satellite
servicing, a wide variety of robotic architectures have a
fundamental role to play going forwards.

One particularly noteworthy challenge in the future
of robotics is that humans as a group tend to not like
robots, particularly those with any form of AI. We do not
trust them, and most of us without advanced
engineering qualifications do not understand how they
work. When it comes to off-world rovers and on-obit
satellite servicing, this isn’t a problem, as there is little
human-robot interaction. But when we are looking at
humanoid robots on the ISS and other future spacecraft,
or robots operating in our day-to-day lives down here
on Earth, acceptance is going to be a problem that only
time will help mitigate.

Restore-L mission will feature a suite
of satellite-servicing technologies for
on-orbit rendezvous and grasping,
refuelling and repositioning. Photo
courtesy of NASA
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