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Abstract

The ocean, both as a setting for global trade and commerce, and as a significant source of food,
minerals and energy, has been taking on a more important role in our society each day. The EU
estimates that, by 2020, jobs under the ”blue” economy could increase by 1.6 million and will have
an added value of around 600 bn Eur. Within this scenario it becomes critical to properly monitor
and control ongoing projects, while providing the best conditions for a correct risk governance. On the
other hand, Space assets and technologies are becoming ubiquitous and preferred sources of data and
information for wide area monitoring and control, as is the case of large oceanic areas.

This work, done in collaboration with DEIMOS Engenharia, intends to assess these MCS systems
with particular focus on the Space component, and is organized in two parts.

The first part covers an extensive mapping of current and future MCS demands at Atlantic, European
and national levels, the latter targeting Portugal’s recent EEZ expansion. Space technologies that
address these oceanic MCS demands are then explored and evaluated through several filters, with the
purpose of finding the most promising ones. Such analysis is made by giving special attention to
solutions that capitalize on endogenous assets, but also take the most of EU’s Copernicus and other
initiatives under Horizon 2020.

The second part focuses on proposing a mission, capable of integrating these technologies (Sat-AIS
and GNSS-R), and testing it with DEIMOS’ GAT software tool.

The work is concluded with a discussion on how the covered topics can fit under Portugal’s 2030
space strategy, and what is the current capacity of implementing them, having in mind the relation with
initiatives from ESA and other international partners. Furthermore, the work displays the economical
and technological opportunities in the value chain under the scope of this mission. It then provides
recommendations to efficiently embrace those opportunities, building on the consolidation of Portugal
as a key Atlantic player and innovative scientific nation.
Keywords: Aerospace, Atlantic Observation, Cubesats, GNSS-R, Space Strategy

1. Context

If one assesses all the economic activities depending
on the sea, then the EU’s blue economy represents
5.4 million jobs and a gross added value close to
the 500 Eur bn per year. These numbers are ex-
pected to increase to 7 million jobs and 600 bn Eur
respectively by 2020. [8]

A total of 75% of Europe’s external trade and
37% of trade within the EU is seaborne, giving the
sea a critical impact on EU’s commercial relations
[7]. Such an impact and growth require a proper
monitoring of the current activities, as well as a
competent assessment of the risks new enterprises
may expect for the years to come.

This request for MCS systems is only matched

by the constant and increasing development and in-
novation observed in both the monitoring industry
and the solutions it offers. Examples of these fast-
paced improvements on in-situ components are the
recent advances in AUV [18], gliders and buoys[15].

The other important branch of these systems, re-
mote sensing, also experiences an innovative dy-
namic, not only on the upgrade of known instru-
ments, with lighter and more accurate versions,
but also with new paradigms. Concepts like the
Nanosat, which enables space access to an all new
different type of players and technologies, benefiting
from a much higher launching frequency for a frac-
tion of the cost [23] are thriving and gaining ground.
This combined with the adaptation of proven tech-
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nologies, such as AIS, to the space-based environ-
ment, as seen in the case of Sat-AIS [22], supports
the claim for limitless solutions. Moreover the as-
signment of some activities, previously attributed
to satellites or local inspection, to UAV, and con-
sequent integration of the various systems, further
contributes to a new reality and a source of techno-
logical development.

Portugal with its wide maritime sovereignty, be-
ing its EEZ the largest within Europe, the 3rd
largest of the EU, and the 10th largest EEZ in the
world, is a determinant player in this equation. The
employment of these technologies is a requirement
and a necessity not only resulting from a question
of national sovereignty, but also from the country’s
NATO and EU membership. This necessity opens
an opportunity to the Portuguese industry, particu-
larly the space-based one. The expertise and know-
how arising from the increasing number of ESA-
working Portuguese SME [10], combined with the
country’s natural 3,877,408 km2 maritime test bed
and its decisive continental and insular position in
the Atlantic, turns this matter into a critical strate-
gic area for the country for the years to come.

2. Research Problem and Outline
This work aims to identify relevant technologies, for
the monitoring of the Atlantic space, and to propose
guidelines for their configuration and implementa-
tion, all from an aerospace point-of-view.

This identification is oriented by two objectives:

• Address the opportunities arising from the
growth of the ocean economy - attested by
the increase in magnitude and relevance of the
ocean-related activities for the global economy
in the present time, as well as the very promis-
ing projections for a new future.

• Benefit the most from the use of Portuguese as-
sets - taking advantage of the Portuguese qual-
ities in terms of industrial, territorial, econom-
ical and scientific impact.

This work provides a brief snapshot of the per-
spectives for the so-called Blue Economy, identify-
ing requirements and opportunities for the activities
it comprises and presenting the Portuguese interna-
tional obligations and opportunities arising from its
strategical positioning and assets. The state of its
aerospace sector is also explored, presenting signif-
icant players and capabilities.

The technological assessment results of an exten-
sive literature review on ocean-related monitoring
activities and the technologies that are currently
used to address them, as well as the ones expected
to generate an impact for the years to come. Suc-
cessive filters are then applied, aiming to achieve

a solution that privileges both a significant oper-
ational impact and the Portuguese industrial and
scientific reality. The final candidates are submit-
ted to a decision making map and chosen alongside
DEIMOS Engenharia’s experts, resulting in the se-
lection of both Sat-AIS and GNSS-R.

A mission for these two technologies is drafted
in Chapter 3 by analysing possible platforms and
their associated advantages, followed by a deep as-
sessment of cubesats, their subsystems and different
archetypes of satellite constellations. This chap-
ter also incorporates the DGRM’s perspective on
current monitoring requirements and presents GY-
NSS as a reference for the proposed mission. The
option for small satellites is tested by performing
simulations in DEIMOS’s GAT, comparing the re-
ceiver’s capacity of detecting specular points and
finally achieving an optimal configuration by max-
imizing the minimum specular point database that
each inclination value is capable of providing.

The final chapter studies the feasibility of this
mission under Portugal’s 2030 space programme,
along with an assessment of Portugal’s capacity of
implementing it. This is done by evaluating the
country’s relation with ESA during the last years
and by benchmarking space priorities, for the years
to come, among the agency’s state-members. This
chapter also presents a value chain analysis of the
sector, suggesting how the players mentioned in
early sections could take part on it. It also presents
a methodology to be employed on the assessment
of the projected impacts of the proposed mission
and subsequent national space projects. The work
is concluded with discussion and recommendations
for further work, with the purpose of contributing
to capture the identified opportunities.

3. Monitoring, Control and Surveillance of
the Atlantic Space

3.1. User Requirements

The assessment of monitoring user requirements is
performed in two stages. The first consists on de-
tailed analysis of the areas and parameters to mon-
itor, arising from national and international man-
dates and the second on the description of the in-
struments and technologies utilized for this purpose
along with an identification of challenges and oppor-
tunities for a near future.

MCS systems are required for a wide range of
activities which can be grouped under three main
areas, according to their primary tracking function:
Sea state, referring to phenomena affecting the sur-
face of a large area of open ocean or sea; Ecosystem,
referring to the health of the marine environment
and its resources and Human Activity, consisting
of activities directly related to the human presence
such as Fisheries, aquaculture and those related to
law enforcement.
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3.2. Classification
The activities explored in the previous section can
also be grouped, according to the main origins of
the acquired data,in three following categories: In-
situ; Models and Remote Sensing.

Remote sensing relies on propagated signals of
some sort, for example optical, acoustical , or mi-
crowave [21], and due to the aerospace focus of this
work is chosen in detriment of activities strongly
based on models or in-situ data.

A list derived from the previous rationales is pre-
sented in table 1:

Table 1: Activities fulfilled with improvements in
remote sensing technologies

3.3. Decision Making Map
In order to assess the different technologies, litera-
ture [12] states that Perceptual maps can be use-
ful tools to contribute for a broader visualisation
of the available options, important in allowing the
isolation of promising candidates and the discard of
not so relevant ones, all important parameters in
technological identification processes.

The products of choice are placed on this map,
with their coordinates representing their value in a
given axis. The two axes of the map become the
key characteristic to define, since both will set the
criteria responsible for mapping the different op-
tions. If one considers each element as a circle on
the map, it is then possible to add other two data
elements to each candidate, one being the size of the
circle and the other its color, totalling four different
parameters of evaluation. Ocean related technolo-

Figure 1: Perceptual map disposing technologies ac-
cording to their complexity, level of operability and
impact in a near future

gies, as with most technologies, are distributed be-

tween two diametrically opposed poles, according
to their purpose and use. These two ends of the
spectrum are: Scientific, consisting of instruments
or missions that do not have direct correspondence
with human activity, being used mostly for aca-
demic or R&D purposes; and Operational, which
are closely linked with human activities and/or can
impact them, some examples of highly operational
ones are maritime rescues or vessel monitoring.

The other dimension, attributed to the vertical
axis, evaluates each candidate according to its de-
gree of complexity, and cab be classified accord-
ing to Complexity, aggregating different dimensions
such as monetary investment, knowledge, expertise,
components and facilities necessary for the devel-
opment, manufacture and implementation of each
technology. This map can also provide three more
elements: Area of the activity, where Orange indi-
cates human-related activities, blue refers to sea-
state, green to the ones focusing in the ecosystem,
and sea green is applied in items which comprise
two or more areas; Impact in a near future, based
on experts’ opinions, it reflects in a scale from 1 to
10, the impact that an investment in the technology
will have in 5 to 10 years and corresponds to the size
of the represented circles, and it is proportional to
different factors like the number of users that will
benefit from it, the problems it will solve, the ser-
vices it will provide and the economical impact it
will have; Degree of completion, which differenti-
ates technologies that are currently available from
technologies which are still in concept or not fully
operational.

A summary of the chosen reasons and the effects
caused by them in the scope of the map can be
the following: Low complexity, High Impact and
Operational-oriented

As a result of this reasoning GNSS-R and Sat-
AIS emerge as high potential candidates for devel-
opment of a mission.

4. Mission Proposal
4.1. Small Satellites
According to IAA, a satellite is considered small
if its mass is less than 1000kg. Between the
small satellite category there are also five sub-
categories: Mini-satellites, ranging from 1000kg to
100kg; Micro-satellites, from 100kg to 10kg; Nano-
satellites, under 10kg; and Pico-satellites if their
mass is smaller than 1kg.

Each class of mass as associated expected costs
and development time. The costs can be divided
in satellite costs, launching costs and operational
ones, which generally translate as approximately
70%, 20% and 10% of the total. Advantages of
SmallSats are obvious when compared with con-
ventional satellites as they weigh over 1000kg, cost
over 100M USD and have a development time longer
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than 6 years versus SmallSat’s mass ranging from ¡1
- 100kg, cost ¡0.1 - 7M USD and development time
of 4 years maximum.

4.2. Advantages and Disadvantages of Small Satel-
lites

Lower development times than conventional satel-
lites, and the advent of smart phones and of their
associated instruments, combined with the modu-
lar integration of components, also makes possible
to integrate COTS microelectronic technologies (i.e.
without being space-qualified). The integration of
such instruments simultaneously expands the op-
tions for spacecraft configuration and areas of ac-
tion, at a fraction of the traditional costs, thus re-
sulting in a more rapid expansion of the technical
and/or scientific knowledge base[9].

Their positioning in LEO results in the power re-
quired for communication to be less demanding, not
needing high-gain antennas, on neither the ground
control stations or platforms[9]. Their flexibility en-
able them to work as technical and managerial in-
cubators for the education and training of scientists
and engineers in space related skills, as they allow
direct hands-on experience at all stages of a par-
ticular mission, including design, production, test,
launch and orbital operations[20].

Reduction in size, and costs result in little space
and modest power available for the payload, lim-
iting the instrumentation they can carry and the
tasks they can perform. Another drawback affect-
ing these platforms is their condition as secondary
payloads. Most of the time they take advantage
of the additional capacity of launchers, although in
a considerable number of times they do not have
any control over neither the launch schedule or the
target orbit [9].

Among the SmallSats a particular platform gain
special attention during the last decade, and it is
expected to play a decisive part on the one to
come as well: the Cubesat. An exhaustive opti-
mization of each of the their subsystems is outside
the scope of this work, nevertheless, given their
importance, a brief overview of the possibilities,
along with a preliminary recommendation is done,
presenting the state-of-the art of Cubesat Struc-
tures, power, Propulsion, Guidance, Navigation and
Control, Communications, Command, and Thermal
subsystems.

4.3. Sat-AIS

The International Maritime Organization requires
that ships of 300 tonnes or more in international
voyages, cargo ships of 500 tonnes or more in local
waters and all passenger ships, regardless of size,
carry AIS on board. Sat-AIS overcomes AIS’s hori-
zontal range limitation of 74 km from the shore (due
to the Earth’s curvature limits) since the satellites

directly record and decode the ship’s identity, send-
ing it then to ground stations for further processing
and distribution.

ESA is currently addressing this technology in
three complementary areas: The Novel SAT-AIS re-
ceiver (NAIS), SAT-AIS microsatellites (E-SAIL),
Platform for Advanced SAT-AIS Maritime Appli-
cations (PLASMA).

4.4. GNSS-R

GNSS-Reflectometry applications explore the usu-
ally undesired GNSS multipath to obtain several
geophysical measurements, such as soil moisture
content, above ground biomass, wave height, wind
speed and snow depth, being ocean altimetry the
most prominent field of application.

The left side of the figure below illustrates this
process. The direct GPS signal is transmitted from
the orbiting GPS satellite and received by a right-
hand circular polarization (RHCP) receive antenna
on the zenith (i.e. top) side of the spacecraft that
provides a coherent reference for the coded GPS
transmit signal. The signal scattered from the
ocean surface is received by a downward looking
lefthand circular polarization (LHCP) antenna on
the nadir side of the spacecraft. The scattered sig-
nal contains detailed information about the ocean
surface roughness statistics, from which local wind
speed can be retrieved. A recent example of deploy-

Figure 2: Illustration of GNSS-R principle and De-
lay Doppler Map from [2]

ment of GNSS-R satellites was the launch of con-
stellation CYGNSS that consists of a constellation
of eight satellites and will provide new information
about ocean surface winds in Tropical Cyclones, en-
abling advances in the knowledge of their genesis
and intensification and serving as a reference for
this work’s simulations.

4.5. Constellation definition

Distribution of satellites in a constellation can vary
essentially between: Geosynchronous, Streets of
Coverage, Walker, Elliptical orbital patterns, Po-
lar Non-symmetric or String of Pearls (A-Train)[16]
depending on the mission objective or operational
constraints face by the project:

Economies of scale and simplicity in the man-
ufacturing process imply that the satellites should
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be identical, literature suggest that one explores the
least optimal condition for the subsystems discussed
previously and match the design to maintain the
performance metrics [11], from where one assesses
that the altitude should be kept between 500-600km
[17])and inclination in the range 30-60 degrees, in a
preliminary approach.

4.5.1 AIS considerations

Interviewing Eng. Nelson Marques allowed to guar-
antee that the constellation design addressed all
DGRM requirements in terms of monitoring, and
helped to assess the initial hypothesis one had re-
garding the impact of this project. The conclu-
sions are briefly summarized below, starting with
the initial hypothesis, followed by the main take-
aways from the meeting, and concluding with the
impact that those had in recalibrating the project’s
design.

Contrary to the initial hypothesis, one discovered
that all the zones under the responsibility of Por-
tuguese authorities have full Sat-AIS coverage and
reasonable visiting times. Additional coverage was
found to be welcomed as it provides shorter revis-
its and more data collection opportunities in high
density traffic situations, nonetheless not having a
specific area, or corridor, dramatically requiring ad-
ditional Sat-AIS coverage enables the mission to
shift its design more in function of the other se-
lected technology (GNSS-R).

Development of Sat-AIS could have a big eco-
nomical impact in increase of revenue and reduc-
tion of costs alike, as a consequence of the money
injected in Portuguese space sector (award of con-
tracts to Portuguese SMEs and future exports of
the technology) and the reduction, achieved as a
result of the stoppage of payments to EMSA for
accessing AIS data. Revenue generating side was
confirmed but the hypothesis on the cost side how-
ever were not corroborated as every MCS processed
and shared by EMSA, free of charge, with every
member state’s responsible department through its
IMDate website which confirmed that the genera-
tion of new sources of data, will not result in any
tangible savings for Portuguese MCS operations. It
can however result in a more detailed worldwide
monitoring and control of the maritime space, es-
pecially if this mission is developed in collaboration
with non-european players.

Reduction of revisit periods and solutions for
treating non-cooperative vessels are important for
DGRM in the near-future was reinforced as near
real-time AIS monitoring combined with good res-
olution SAR imagery could be decisive in combat-
ing pollution and potentially illegal non-cooperative
vessels. Higher resolution imagery and machine

learning algorithms could play a big part on these
so-called ”unknown shadow patterns” suggesting
that SAR and other radar-imagery instruments
should be incorporated in the future into this mis-
sion.

4.5.2 The CYGNSS Example

The need to find a satellite pattern favourable to
both Sat-AIS and GNSS-R, one should dwell in a
high-revisit rate orbit, with a large focus on the
Atlantic Ocean as the primordial zone of interest.

CYGNSS satellite constellation is considered
an important model as it operates in a non-
synchronous near-circular orbit with all spacecraft
deployed into the same orbital plane, orbiting 510
Kilometers above the Earth at an inclination of 35
degrees to either side of the equator[5], which cor-
respond exactly to the criteria range recommended
when first defining the types of constellation.

Another particularity regarding CYGNSS micro-
satellites gives respect to their launch and poste-
rior manoeuvres into their mission orbits. The air-
launched vehicle was carried aloft by Orbital’s mod-
ified aircraft, ”Stargazer” a solution of great inter-
est given the fact that alternative low-cost launch-
ers/launching systems are a large trend in the space
sector, and Portugal 2030 space strategy empha-
sizes the technology’s important role for the poten-
tial azorean space hub.

4.6. Geometry Analysis Tool
The SARGO-GAT is a generic Geometry Analy-
sis Tool for GNSS-R missions, developed at Deimos
Engenharia whose purpose is to perform a geomet-
ric determination of the ground coverage footprints
for a GNSS-R system, based on the analysis of spec-
ular points over the region covered by a specific
GNSS receiver.

4.7. GNSS systems
GNSS systems are the basis of GNSS-R technology
and consist of three components space, ground and
user segments. For this work one based the emit-
ting GNSS signals in 4 different constellations: the
Chinese 35-sat Beidou, the European 30-sat Galileo,
the Russian 24-sat GLONASS and well-known US
31-sat GPS. For further simulations one can con-
sider the further incorporation of the Japanese our
Indian constellation as a mean of widening the avail-
able data-sources.

4.8. Analysis of the results
For the deployed platform one considered the pa-
rameters and recommendations listed in previous
sections specially regarding the 35 degree inclina-
tion, defined due to technical constraints intervals
and the case example of CYGNSS. For these pa-
rameters to provide a proper assessment the sim-
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ulations must be submitted to a sensitivity analy-
sis regarding the specular points covered per epoch
as a function of the constellation’s inclination. To
achieve this, several TLE (Two-line elements) pa-
rameter files, were created, for each 1 degree varia-
tion of inclination, ranging +-5 degrees which trans-
lates into a range between 30 and 40 degrees.

The results obtained are presented below in Fig-
ures 3,4 and 5 As GNSS-R’s data quality is directly

Figure 3: Average Specular Points per Epoch vs.
inclination

Figure 4: Average Specular Points per Epoch dur-
ing 2/3 of mission

Figure 5: Minimum Specular Points per Epoch dur-
ing the mission

proportional to the number of specular points, an
optimal configuration is the one presenting the best
indicators for the three dimensions of specular point
detection: Average of specular points detected is
employed to translate the inclination that is capa-
ble of providing the most data points on an overall
basis; Minimum specular points over 2/3 of sim-
ulation time is used to detect outliers capable of
achieving good averages due to a combination of
”high-visibility” periods and undesired ”blackouts”
and Minimum specular points detected in absolute
is chosen to assess the reliability of each inclination
as way of ensuring that the data points would never
go below a given threshold.

From the previous figures it is visible that the
optimal inclination would be at 31 degrees since
that with this degree of inclination the constella-
tion is capable of achieving the highest average of
specular points per epoch while ranking second in
the minimum number of specular points over 2/3
of the mission period (i.e. over 2/3 of the mis-
sion, for 31 degrees, the constellation will always
detect 13 or more specular points). Absolute min-
imum of detected specular points can be used as a
tiebreaker criterion from where the 31 degree con-
figuration emerges as an obvious leader with more
than 50% of the second classified (35 degrees).

5. Assessment of opportunities

The current Portuguese space strategy is based in
three main topics: Creation of skilled jobs, Gen-
eration of satellite data through new technologies
and infrastructures in Portugal, and to strengthen
the diplomatic relationships through technological
partnerships. Countries to include in these part-
nerships can be segmented in two types: Coun-
tries to involve in a future ”Atlantic Space Hub/
Atlantic International Research Center” - (e.g.
Canada, Denmark, France, Ireland Mexico, Nor-
way) and Countries to involve in global MCS nano
and micro-satellite constellations and ocean-related
space activities- (e.g. Australia, Chile, Indonesia,
Japan, New Zealand, Russia.

To put this strategy into practice, it is of interest
to assess two essential topics: Portugal’s capacity of
influencing ESA projects and strategy and the Fit
between the Portuguese and other ESA countries
space strategies.

The first topic dwells on comparing the Por-
tuguese contribution to ESA’s budget, and the
number of nationals employed in the agency, to
Portugal’s peers. This comparison will be used
as a proxy for the country’s commitment with
the agency and capacity of implementing its own
agenda.

The second topic will be focused in comparing
space governance and strategic priorities of ESA
state members, according to Sagath’s methodology
and with a special focus on the agency’s smaller
members (based on their annual contributions), a
group of countries which includes Portugal.

5.1. Portugal’s capacity of influencing ESA projects
and strategy

Countries’ contributions as percentage of GDP re-
sult in a very good approximation of each country’s
commitment with a project, since that even if the
contribution appears to be small, when compared to
economically stronger countries, it still is a product
of a country’s effort, investment and support for a
given cause.

As this work noted, Portugal’s contribution to
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ESA funding, for the year of 2017, represents a mere
0,5% of total members contribution, corresponding
to 17M Euro.

One can deep-dive in this topic by exploring the
national contribution as percentage of GDP, ad-
justed to PPS, which converts GDP into artificial
common currency values. Figure 6 is calculated
based on 2017 member funding divided by its 2016
PPS-adjusted GDP. The 0.007% of 2016 GDP are

Figure 6: Country contribution to ESA 2017 bud-
get, % of PPS adjusted GDP from Eurostat

well below the values paid by its peers, being the av-
erage percentage of contribution almost three times
higher.

The exception is made with the momentary de-
crease experienced in 2016, but recent declarations
of the Minister responsible by the sector exhibit
signs of return to the sustainable growth path, with
promises of increasing the contribution up to 19 M
Eur [14].

Another relevant metric resides on the forma-
tion of high-raking scientists and engineers cur-
rently working at ESA. The space agency presently
employs around 2,300 employees from the various
member states, including a total of 28 Portuguese
nationals. The number of employees per M Eur of
contribution to ESA is presented in Figure 7. Un-

Figure 7: National workers for M Eur of investment
in ESA, [6]

expectedly Portugal leads the ranking with 1.6 na-
tional collaborators at ESA for every million Euro
of contribution, a value three times higher than the
European average. This over-representation of Por-
tuguese scientists and engineers provides the follow-
ing takeaways: Incorporating more skilled work-
ers into ESA ranks should be expected to be ac-
companied by an increase in Portugal’s contribu-
tion, as the European organizations tend to prevent

representation imbalances; Portuguese space-skilled
workers are as capable or more than their European
counterparts, which should encourage the invest-
ment in this sector from the government but also
from the private sector, especially in hiring this tal-
ent to leading roles in their companies and projects;
large number of current ESA Portuguese employees
and also alumni, suggests that there is the know-
how and capabilities to implement and lead pro-
posed projects like the Azorean space-port or the
Atlantic International Research Center.

5.2. Fit between the Portuguese and ESA countries
space strategies

Sagath was worked in the comparison between
ESA’s 11 smaller states space strategies and the
member state group as whole[19]. In this work
one will build upon his work and implement this
methodology to assess Portugal’s Space 2030 di-
rectives, making possible to identify which Por-
tuguese aspirations fall under ESA scope and strat-
egy, which should be pursued in cooperation with
Atlantic or other non-European partners, and also
possible recommendations to be attached to the
2030 strategy.

Essential areas considered for benchmarking are:
Ministry responsible for space; Priorities for space
in technology domains; Priorities for space in areas
of sustainability and Motivations for space

For ease of understanding in each figure policies
followed by Portugal are marked with the value cor-
responding to all ESA members, that is 22 states.
In this way the more a Portuguese policy is fol-
lowed by other members, the closer it is from the
Portuguese line. In cases where a policy is followed
by every state member then the marks will coin-
cide. Most countries opt for attribute space affairs

Figure 8: (a) Ministry responsible for space (b) Pri-
orities for Space in Technology, (c) Priorities for
Space in sustainability and (d) Motivation for Space

to the Ministries responsible for Science, Research
or Education, as it is the case of Portugal. Recent
trends include a change in the responsible Ministry,
which can enable the restructuring of the strategic
priorities of a given state. The exponential growing
in Cubesat’s and other space downstream applica-
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tions could benefit dramatically from joint projects
with the entrepreneurial and developer communi-
ties, usually under the Secretary of State for In-
dustry and respective Ministry of Economy. It also
demonstrates that a Cubesat mission incorporating
Sat-AIS and GNSS-R is fully aligned with Space
2030 objectives and general state-member strategy,
given the support for Earth Observation, naviga-
tion and transportation. Among small states, Por-
tugal appears as the sole member interested in space
applicabilities for the energy sector in the hope
of developing solutions for monitoring wind farms.
The also diminished number of supporters of space-
based energy solutions among the overall organiza-
tion suggests that this is an also an area in which
Portugal can benefit from developing strategic close
partnerships with leading satellite and wind-energy
European players (as it is the case of Germany) or
non-European (from which the United States and
China are leading examples).

The fact that a MCS constellation of Cubesats
could be a valuable instrument for the most ad-
dressed areas: Security, Transport and Environ-
mental, reinforces its possible role as a flagship
project for the 2030 strategy. By examining the
figure it is clear that Portugal’s Space 2030 and the
proposed Cubesat mission target the major motives
and benefits of space exploration.

5.3. Value Chain Analysis

The global satellite industry has been growing fast
across almost all the stages of the value chain in
the last 5 years and presents the following key fi-
nancial figures: These results displayed illustrate

Figure 9: 2012-16 Cumulative turnover and CAGR
for the different levels of Satellite value chain,
source Euroconsult

three main conclusions: Services are the dominant
source of revenue which is a good indicator for Por-
tugal and a segment to leverage regarding the re-
cent boom in the country’s Start-Up ecosystem [1];
Manufacturing and services have been thriving dur-
ing the last 5 years which supports the claims of
the space sector as a sector in expansion and capa-
ble of generating economical and technological ben-
efits; Launcher segment has been decreasing dur-
ing the last years which can present an opportunity
for low-cost and simpler solutions, such as the ones
Portugal is planning to explore in Azores.

Some of these launching technological

challenges[13] are the following: Adapters for
heavy/medium launchers such as ESPA or Space
Tugs that are a type of spacecraft used to transfer
payloads from LEO to higher-energy orbits; Air
Launchers which are multi-stage rockets to be
launched from modified aircraft; and finally Small
Launchers, specifically designed to carry Cubesats,
launching a fraction of the normal weight for a
fraction of the regular cost, vs. current piggy-back
solutions. Portuguese and international companies
could work on a combination of the listed launching
solutions for the Azores, as alternative launching
pads, enable an independent access to new orbits
at a much faster pace as an example, Rocket Lab’s
private-owned launching complex is expected to
carry out a launch about four to five times per
month[4].

5.4. Economical and Strategical Impacts

Investments in space generate a wide range of im-
pacts across industries and companies, either di-
rectly or indirectly. To assess these impacts, sci-
entific literature segments the type of methodology
to use into Monetary methodologies, which include
computable general equilibrium analysis, cost effec-
tiveness analysis, cost benefit analysis and social re-
turn on investment, and Non-Monetary, consisting
of impact assessment and multi criteria analysis [3].
The recommended method to assess the impacts of
space investments is a combination of Social Cost
Benefit Analysis and multi-criteria analysis, named
”SCBA-plus”.

This methodology, adapted to the Portuguese
context, consists on the following step: for the
SCBA part- 1) Identify and estimate related in-
vestments; 2) Estimate the cost reductions through
changes observed over time and/or surveys; 3) Es-
timate net revenues (profits) by subtracting costs
of labour, capital and others from gross revenues;
4) Estimate cost reductions transferred to other
sectors, depending on market conditions. For the
MCA-part: 5) Compute additional patent citations
and scientific publications, trends in education and
knowledge related to the space sector and use these
as inputs for judgements of (panels of) experts; Use
judgements of (panels of) experts to rate on: 6)
competition effect; 7) reputation effect; 8)Compute
additional jobs and correct for long term equilib-
rium effects. 9) Compute effects for (groups of)
stakeholders; 10) Compute an inequality index; 11)
Translate this to a scale of 1 to 10.

Each project will generate a SCBA-plus evalu-
ative card which can be compared among other
prospective projects, enabling the choice and im-
plementation of the project that is capable of de-
livering more impact in economic and capability-
building terms.
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6. Further Work
The work developed here developed can be given
continuity in three main axes: The first one should
focus on the Cubesats subsystems by fostering part-
nership between top Portuguese universities, expert
national space companies and international part-
nerships to develop and establish the Atlantic Re-
search Centre in the Azores.

The second axis should consist on obtaining de-
tailed AIS data of the movements of the vessels
on the Atlantic space from EMSA, SAR data from
Sentinel-1 or other sources and processing all the
generated big data and using it to feed machine
learning systems to constantly refine the detection
algorithms of illegal vessels and ocean pollution.

The last axis concerns the Technological assess-
ment methodology, which suggests a similar sur-
vey of technologies with applications for Atlantic
MCS and Portuguese EEZ should be produced on
an annual or biennial basis supplying the technolo-
gies that one considers that potentially might have
academic or commercial interest, should also be at-
tributed to the associated universities (as suggested
in this section’s axis number 1).

A final comment should be made regarding the
Portuguese 2030 space strategy. Despite the still
embryonic phase of the document, efforts into draft-
ing a more detailed and concrete version of it should
be made. This should be achieved by defining two
or three national priorities and associated actions,
and convert them into flagship projects to be de-
veloped with two different types of partners. The
first being ESA and its state members, while oth-
ers should be developed with Atlantic partners or
international maritime partners (e.g. China, India,
Japan).

Acknowledgements
To Professor Manuel Heitor, for the enthusiastic
proposal of the topic that initiated this work.

To Engenheiro Nuno Avila for the guidance and
availability provided in all the different phases of
this work. To DEIMOS who have welcomed and
helped me in my research through discussions, and
support with DEIMOS’ GAT software.

To Professor Pedro Lima, for the generosity of
accepting the challenge of continuing to coordinate
me when needed providing the support that was
essential in the completion of this work.

To Engineer Nelson Marques at DGRM for the
immediate availability demonstrated and for pro-
viding me with a first-hand perspective on MCS
sector that was fundamental in the making of this
study.

References
[1] M. Butcher. In 2016 Lisbon fired-up its startup

engines - 2017 will hear them roar, 2017. Last

accessed on 2017-10-25.

[2] M. P. Clarizia. Cyclone Global Navigation
Satellite System (CYGNSS). (January), 2017.

[3] J. Clark, C. Koopmans, B. Hof, P. Knee,
R. Lieshout, P. Simmonds, and F. Wokke. As-
sessing the full effects of public investment in
space. Space Policy, 30(3):121–134, 2014.

[4] C. Cofield. Private Orbital Launch Site Opens
in New Zealand, 2016. Last accessed on 2017-
10-26.

[5] EO Portal. CYGNSS (Cyclone Global Naviga-
tion Satellite System), mar 2016. Last accessed
on 2017-10-16.

[6] ESA. A Agência Espacial Europeia - Espaço
Unido na Europa, 2017.

[7] European Commission. Blue Growth - Oppor-
tunities for marine and maritime sustainable
growth. Technical report, 2012.

[8] European Commission. Blue Growth :
Prospects for sustainable growth from marine
and maritime sectors. (September), 2012.

[9] F. Francisco, J. Villate, F. A. Agelet, and
K. Rajan. On Small Satellites for Oceanog-
raphy : A Survey.

[10] Fundação para a Ciência e Tecnologia (FCT).
Portuguese Space Catalogue. 2013.

[11] A. Marinan and K. Cahoy. From CubeSats
to Constellations: Systems Design and Perfor-
mance Analysis. 2013.

[12] R. Mojtahed, M. B. Nunes, J. T. Mar-
tins, and A. Peng. Equipping the Construc-
tivist Researcher: The Combined use of Semi-
Structured Interviews and Decision-Making
maps., 2014.

[13] N. Msfc. Topic : Small Satellite Missions : Ca-
pabilities and Challenges in Space Communi-
cations Small satellites are growing . . . in pop-
ularity and utility. 2015.

[14] Observador. Portugal increases its ESA contri-
bution to 19 million euros, 2016. Last accessed
on 2017-10-14.

[15] R. S. Pagliari. Hybrid Renewable Energy Sys-
tems for a Dynamically Positioned Buoy. (De-
cember), 2012.

[16] D. J. Pegher and J. A. Parish. OPTI-
MIZING COVERAGE AND REVISIT TIME

9



IN SPARSE MILITARY SATELLITE CON-
STELLATIONS: A COMPARISON OF TRA-
DITIONAL APPROACHES AND GENETIC
ALGORITHMS. 2004.

[17] A. Poghosyan and A. Golkar. CubeSat evolu-
tion: Analyzing CubeSat capabilities for con-
ducting science missions. Progress in Aerospace
Sciences, 88(November 2016):59–83, 2017.

[18] D. Pyle, R. Granger, B. Geoghegan, R. Lind-
man, and J. Smith. Leveraging a large UUV
platform with a docking station to enable for-
ward basing and persistence for light weight
AUVs. OCEANS 2012 MTS/IEEE: Harness-
ing the Power of the Ocean, 2012.

[19] D. Sagath, A. Papadimitriou, M. Adriaensen,
C. Giannopapa, A. Papadimitriou, M. Adri-
aensen, and C. Giannopapa. Space strategy
and Governance of ESA small Member States.
2017.

[20] R. Sandau. Status and trends of small satellite
missions for Earth observation. Acta Astronau-
tica, 66(1):1–12, 2010.

[21] R. A. Schowengerdt. Remote Sensing: Models
and Methods for Image Processing. Academic
Press, 2006.

[22] A. N. Skauen. Quantifying the Tracking Ca-
pability of Space-Based AIS Systems. Ad-
vances in Space Research, 57(November):527–
542, 2015.

[23] The Economist. Nanosats are go!, 2014. Last
accessed on 2016-03-08.

10


