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Galileo satellites 15-18 being deployed
from their dispenser; they deploy two at
a time, with the second pair deploying
20 minutes after the first.
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Galileo Success,
Flexibility, and a

Look Ahead

he first generation of the Gali-

leo Program, at satellite and

ground segment level, has been
“an enormous success,” according to
Miguel Manteiga Bautista, who recently
spoke with Inside GNSS at his office at
the European Space Agency’s European
Space Research and Technology Centre
(ESTEC) in Noordwijk, Netherlands.

We started by asking Manteiga how
he felt about the recent.declaration of
Galileo Initial Services and he was quick
to point out some impressive achieve-
ments as well-astake alook ahead at how
things may develop
in terms of adapting
to the user, and to
future market needs.

“We are provid-
ing performances
similar to or in the
range of other sys-
tems, with several
times less mass at
satellite level, which
is a tremendous tech-
nological achieve-
ment,” he said. “But,
for the future, once
you have the first
generation in place, the EC, ESA and
the European GNSS Agency (GSA) are
thinking ahead about how to adapt to
the user, to future market needs and to
technological innovation.”

Manteiga has been with the Europe-
an Space Agency (ESA) since 2001, first
as systems telecommunications engi-
neer, then head of unit and head of divi-
sion in the Galileo Program. Since 2015,
he has been ESA’s head of GNSS Galileo
Evolutions Program and Strategy Divi-

sion. His team is in charge of design-
ing future European GNSS Systems
and associated research & development
(R&D), under ESA’s European GNSS
Evolutions Program and the Horizon
2020 Delegation Agreement established
with the European Commission (EC).

“It’s a pleasure,” he said. “The feel-
ing is that after 15-20 years of hard
work by public and private sector enti-
ties developing the first generation, all
these efforts are officially recognized and
become reality. We already knew the
program was needed and made sense,
but now it is a reality and it’s a very grati-
fying experience.”

With Galileo now official with 18
functional satellites in orbit, what does
it mean for the typical “person on the
street”?

A man, holding up a smartphone,
says, “Galileo is on? Show me.”

Manteiga said, “Will the mass mar-
ket user physically notice? From the
performance point of view, there will be
improvements perceived by the users,
mainly in terms of robustness and per-
formance in challenging environments;
in particular, for applications that rely
only on GNSS. In addition, for specific
services like search and rescue, the users
will significantly benefit from them.”

And, he said, what the manufactur-
ers know and what the suppliers know
is that GNSS is becoming progressively
more reliable. “GNSS performance is
better, and making a higher contribu-
tion to navigation solutions that use a
variety of sensors, which basically opens
the possibility of new applications, or
applications that rely a bit less on other
systems and a bit more on multi-GNSS.”
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A Challenging GNSS Evolutions Concept
“With this first generation of Galileo,
at satellite and ground segment level,
the Galileo Program has been an enor-
mous success,” said Manteiga. “We are
providing performances similar to or in
the range of other systems, with several
times less mass at satellite level, which
is a tremendous technological achieve-
ment.

“But, for the future, once you have
the first generation in place, the EC,
ESA and the European GNSS Agency
are thinking ahead about how to adapt
to the user, to future market needs and
to technological innovation.”

The three bodies that make up the
European “space triangle” are watching
two major market trends very closely,
according to: “You have hybridization,
multi-sensor, all the non-GNSS-only
technologies on one side, and on the
other side we see all the GNSS systems
significantly expanding their global
component capabilities, with the evo-
lution programs of GPS, GLONASS,;
BeiDou and also the advances of other
systems like QZSS/IRNSS (Quasi-Zenith
Satellite System/Indian Regional Navi-
gation Satellite System).

“In addition, we have seen — and this
is a problem for all GNSS global systems
— that the time to market is 15 to 20 years
from Phase 0 till the declaration of Full
Operational Capacity, while time to
market for local added services is just
six months to a year.”

Manteiga started with the ESA in
2001 and worked on first-generation
Galileo for 15 years. He added that other
services, like L5 GPS, require a similar
period to reach full operational readi-
ness.

“So one of our common objectives
for the Galileo second generation — and
this has never been done before - is to
shorten the time to market for imple-
menting new services and new require-
ments, in line with the time to market
for local added services. This is a very
challenging goal, and we are doing a sig-
nificant amount of R&D to achieve this.”

The way you do it, Manteiga said, is
by building in flexibility. The R&D being

carried out under associated European
Union and ESA R&D programs is not
tied to today’s specifications, he said.
“It has growth capabilities embedded.
At payload level, at ground level, the
way you build the ground, the way you
upgrade the ground, the way you build
your payload capabilities,” he said. “Like
the signal generator, the way you build
all your components is to create a capaci-
ty for future service improvements while
controlling the design cost. This creates
an R&D loop that would potentially
allow us to achieve this time-to-market
aspiration.

“It is basically about driving the flex-
ibility of the margins, in order to imple-
ment new capabilities for the user. We
don’t design according to today’s needs
as we cannot precisely forecast what
users will need in the future.”

And, he said, “It is important to
highlight that the definition of Europe-
an GNSS Evolutions and the associated
processes and objectives.are a common
R&D effort of ESA, the EC and GSA,
with ESA leading the GNSS Evolutions
design-activities for the future systems.”

Future-Proofing

Alongside flexibility, Manteiga pointed
to another pillar for Galileo Evolutions:
“Much of our R&D activity is oriented
towards increasing significantly the
robustness of the system, so that it can
act as a strong and reliable backbone, not
necessarily as a sole provider of services
but as a backbone that can be augmented
locally by other PNT (positioning, navi-
gation and timing) technologies.”

The objective, Manteiga said, is to
provide a stable and robust global ser-
vice, so that providers can pick it up in
rural areas without augmentation, or in
urban canyons with a high level of aug-
mentation.

“Let’s not forget,” he said, “we don’t
have just one set of users. The percentage
of Galileo’s contribution will be different
for different users in different environ-
ments. In a terrestrial network, out-of-
coverage area like rural United States
or rural Europe, 90 percent of the user
contribution will be the global system.

But when the user moves into an urban
environment, the GNSS becomes the
backbone, providing a stable service and
timing reference, but with a higher local
augmentation contribution.”

This is similar to a telecom provider
being used as a backbone for provision
of added-value services by third parties.

Manteiga said he does not expect
GNSS to be made obsolete by new
technologies: “You know, Graham Bell
was once asked if he thought land lines
would ever disappear. I worked in the
telecommunications market sector
before I started in ESA - all the mar-
ket players were talking 20 years ago
about how ‘the land lines are dead’. But
the land lines are still here, and added-
value services are being provided on top
of them. When aircraft were invented,
people wondered whether roads would
disappear. The roads and highways are
still here. In the same way, a global back-
bone infrastructure provided by naviga-
tion satellites will always be here and
complement other systems.”

Manteiga cited the GSA’s analysis of
market trends, as well as ESA studies on
technology improvements that indicate
GNSS navigation, while already a huge
sector, is still in the early stages of devel-
opment. “There are many different user
needs, like mobile data was 20 years ago,
with users demanding more and more
and the rise of ubiquitous services.

“There is room in the market for
all systems. But a homogeneous GNSS
backbone with an embedded delta
capacity means that when new user
needs come up, when developers have
new ideas in the next two decades, we
can satisfy fully or partially these needs
without requiring 15 years of re-devel-
opment.”

No Breakthroughs,

But Radical Nonetheless

“There is no new GNSS technology
breakthrough that changes everything,”
Manteiga said. “When you see how cur-
rent GNSS systems are planning to
evolve, there is nothing radical. In the
end, it’s a technology that has been quite
stable since the end of the last century.
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What all the GNSS systems are doing
is improving robustness and perfor-
mance - different GNSS systems have
announced that their next-generation
satellites will significantly improve
stand-alone performance.

“But on the other side, a GNSS con-
stellation that performs significantly
better and is flexible is a radical change.
We are not pointing at a specific tech-
nology. It is not a technology push, but
process-related improvement and a
continuous R&D philosophy. A global
satellite system that can update its ser-
vice provision in a much more frequent
manner than every 15 years is a radical
concept change. We have to see how we
implement it, what the constraints are
for this flexibility, and so on, but it’s a
mindset that is really embedded in our
activities.”

Manteiga said suppliers, the non-
GNSS sector, and the PNT sector all
are looking for something they cannot
get from the global system. Thisds why
they use local augmentation solutions
that unfortunately are not/scalable for
a global environment. They can only
implement such solutions in high-reve-
nue areas like big cities.

“Of course we have to invest in our
strengths. There is little added value to
investing a huge amount of R&D effort
on topics that are only linked to local
augmentation for mass market,” he said.
“Our strength is not local. We will never
compete with terrestrial short-range sys-
tems. Europe has to invest — and this is
what other GNSS systems are doing - in
the strengths of the global system.”

Other GNSS Systems
So, what will the other GNSS systems
look like in the future? Will they all look
the same, or will they all look different?

“To predict the ideas of some engi-
neer in 10, 15 years is a very challenging
affair. Every system has its own con-
straints, different weights for the dif-
ferent services they provide,” said the
ESA’s head of GNSS Galileo Evolutions
Program and Strategy Division.

For now, though, all the major GNSS
systems do seem to be converging on

similar bands, similar tech-
nologies and similar evolu-
tion strategies.

“The user cannot afford
to have navigation in differ-
ent bands and modulations
because miniaturization is
one of the key objectives at
user level,” Manteiga said.
“What is clear for us is that
navigation is growing expo-
nentially. We see it every-
where. It has not yet arrived
on the mobile phone; from a
GNSS point of view it has, but
not from a local navigation
point of view. But in 2030-
2040, we are forecasting that
inter-mobile ranging will be a
fact. It cannot be implement-
ed today for many reasons — processing,
power, miniaturized stable clocks and
other constraints. But:.weare convinced
that the mass-market local navigation
environment will include interpersonal
device rangingbased on a robust GNSS
reference.”

Because of this, he said, the objec-
tives are focused on the strengths of the
global system and its flexibility to bring
forward added-value services, and not so
much on local environment augmenta-
tion, which will come about sooner or
later.

“For the specific Galileo services that
are not mass market-related, the story is
different, as the global system will pro-
vide a larger contribution. Therefore,
the global system will still require a
very good level of performance in order
to deliver these global non-mass market
services.”

Healthy Exchange
Not only are the global satellite systems
converging, said Manteiga, but the com-
munities are also reaching out to one
another. Under the coordination of the
EC, Europe’s GNSS team meets with
representatives of other global GNSS
programs several times a year.

“We see each other at all the con-
ferences and we all talk to each other,”
Manteiga said. “For example, at ION

(Institute of Navigation) we had a com-
bined panel on BeiDou and Galileo evo-
lutions. And during our presentation
on Galileo evolutions, it was the other
GNSS teams who had the most ques-
tions - “We also wondered about that’,
they said, regarding some of the techno-
logical trends presented. ‘Why did you
do this? Have you considered that?’ They
were asking the same questions that we,
EC/GSA/ESA, ask ourselves. They have
the same issues — where to go, how to
evolve, how much to evolve, in one step,
in 10 steps.

“I'm not saying we share all the
details, I'm not saying ‘openness’ in a
naive way, where you see all the designs.
But the level of communication of
GNSS providers about plans, what we
are doing, what we are studying, and
what trends we see, it is really remark-
able compared to when I arrived in the
space field and in navigation in par-
ticular. Back then there was a sense of
competition between the systems. This
has radically changed in the past 15-20
years.”

He added that all the systems have
realized there is room for multi-GNSS,
and that local augmentation is also part
of the end solution, part of the contribu-
tion to the user. All of the systems are
just trying to improve, to get better and
to ensure user needs are satisfied.
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State of Play

As for Galileo Evolutions, Manteiga
said, “We are in an open-minded, brain-
storming phase, similar to what we saw
in the recent past with other systems,
where they started with six or seven evo-
lution scenarios. Europe has several evo-
lution scenarios, varying from very little
evolution to more advanced evolution.”

Considerations include trade-offs
for all types of technologies at this stage
and Europe’s plans are to begin Phase
B activities in 2017, through the H2020
HSNAV Program, carried out by the
European Space Agency on behalf of the
European Commission.

“We are looking at a wide range of
technologies, to bring them from experi-
mental low-level breadboard Technology
Readiness Level (TRL) to a Medium
TRL in 2019. So, together, ESA, the EC
and the GSA will spend two to three
years to complete this process of brain-

storming and selection of technologies
and scenarios, up to 2019,” he said.

“From there, we will define the path
forward for Galileo Evolutions activi-
ties, taking into account the cost-benefit
analysis for each use case identified. This
will enable us to target additional capa-
bilities for constellation replenishment
around 2025.”

Final Thoughts
“When we talk about positioning,” Man-
teiga said, “it’s always about the compar-
ative weight of the global systems and
the local systems, so the more satellites
and the more global systems you have,
the more their weight increases. And
the same happens with improvements
to local augmentation technologies.
“It’s like a balance effect. It’s not that
they are competing with each other, but
they are feeding each other, generating
resonance effects andsthus improying

together. In the end, what really matters
is that the overall solution and the port-
folio of services gets progressively better.
As a consequence, over the last decade,
the applications and navigation markets
have grown exponentially each year.”

Manteiga insisted that it’s not a com-
petition to see who has how many satel-
lites, or which ones are the best satellites
to use. It’s that the overall navigation
sector keeps growing.

“The question that moved everybody
in the past was ‘Which system is better?’
“ he said. “This question is in the past
now, and the answer is that all of the
constellations and all the other systems
are contributing to the same solution.

“There is a significant increase com-
ing in the navigation market and there
will be enough space for all the systems,
each of them with their strengths and
weaknesses depending on the use case.”
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PNT May 1-4, 2017
Marriott Waikiki Beach,

Honolulu, Hawaii
www.ion.org/pnt

S — e - -

Where East Meets West in the

Global Cooperative Development of
Positioning, Navigation and Timing
Technology - —

www.insidegnss.com MARCH/APRIL 2017 InsideGNSS 59



