BIULETYN
Wojskowej Akademii Technicznej

BULLETIN

of the Milltary University of Technology

Biuletyn Wojskowej Akademii Technicznej -

https://biuletynwat.pl/

i a0
ot o o

Vol. 73, No. 4, 2024

Small Satellites for Smart Operations
The Case for Polish Autonomous Space Capabilities

Adam Sowa

Military University of Technology, Institute of Optoelectronics, 2 gen. S. Kaliskiego St., 00-908 Warsaw, Poland

* Corresponding author at: adam.sowa@wat.edu.pl

© 2024 The Author(s). This is an open access article under the CC BY-NC-ND 4.0 license (https://creativecommons.org/licenses/by-nc-nd/4.0/).

Article history:

Received: 2nd December 2024
Accepted: 2nd April 2025
Available on-line: 23th May 2025

Keywords: small satellites, satellite formations, military Space capabilities,
satellite carriers

DOI: 10.5604/01.3001.0055.1247

Abstract. Small satellites, here referred to as SmallSats, are revolutionizing how we approach space missions by providing cost-effective,
flexible and innovative solutions to conduct space operations. Smart satellite formations, due to significant advancements in satellite
technologies, improved mission resilience, and cost efficiency, as well as flexibility and scalability, became a promising solution for
a wide range of current and future Space missions. In military domain, sensor-to-shooter satellites are providing disruptive military
technology, enabling rapid, precise, and flexible response capabilities. In this paper, it is asserted that, in the mid to long term, there is
a need to develop dual-use autonomous Polish capabilities in support of procured space assets operating in low Earth orbit, especially
at altitudes up to 800 km. Based on an analysis of trends in small satellites development and application as well as the advantages related
to SmallSats formations, it is argued that these capability needs could be met by the use of smart SmallSats formations. Poland, as an
emerging space nation, already has significant know-how, experience, expertise and Space heritage of hi-tech payloads to be used in
building effective SmallSats Space capabilities. The approach has already been implemented in R&D project PIAST (Polish ImAging
SaTellites) expected to achieve initial comprehensive Space capability. For a variety of reasons, autonomous launch capability for at least
the smallest satellites is recommended. It is also recommended to further investigate if satellite carriers could be used as Mother Ships
prepositioned in specified orbits and loaded with different SmallSats to be deployed in task force formations as needed. It is proposed
that some important challenges, such as broadband inter-satellite communication, be overcome through the connectivity with NATO
and EU Space infrastructures. Likewise, other problems could be solved or leveraged by the use of advanced NATO and EU Space assets,
along with carefully selected commercial services.

1. Introduction to address damages incurred to spacecraft components

Small satellites, often referred to as SmallSats, are
revolutionizing how we approach space missions by pro-
viding cost-effective, flexible and innovative solutions to
conduct space operations. They allow small businesses
and emerging space nations to participate in space ac-
tivities. Any satellite with a mass below 500 kg is here
considered a small satellite.

Miniaturization of space propulsion, onboard pro-
cessing and control, as well as communication systems
have transformed the space sector by allowing Small-
Sats to carry out complex tasks that were previously
achievable only with larger spacecraft [1]. A transition
to composite materials in space applications is ongoing,
allowing spacecraft to be built from mechanically ro-
bust materials to protect them from high-velocity im-
pacts [2]. Self-healing materials are also being explored

due to impacts from space debris, atomic oxygen, vacu-
um, ultraviolet radiation and extreme temperatures so
that spacecraft are more resilient, economical and have
improved longevity [3].

Some advantages of small satellites include lower
development and launch costs, as they are cheaper to
build and send to space as secondary payloads, rapid
deployment and operation in large constellations. They
can serve as reasonably cheap platforms for testing new
technologies and innovative concepts with reduced
overall risk.

On the other hand, there are also challenges related
to SmallSats, such as limited power budgets, payload ca-
pacities and lifespans, as well as antenna aperture size re-
strictions [1]. Complying with international laws, when
it comes to synchronizing frequencies or collision avoi-
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dance and space debris mitigation requirements, may
equally be a challenge.

In this paper, Polish general capability needs related
to autonomous Space operations in the mid to long term
are identified, and the use of SmallSats in a smart way for
these kinds of operations in low Earth orbit is conside-
red. Then, the advantages and challenges related to some
chosen SmallSats formations, sensor-to-shooter satelli-
tes as well as transport options into Space are analyzed
and summarized. It is further argued that the Polish ca-
pability needs, related to autonomous Space operations,
could be met by the use of SmallSats smart formations.
The approach implemented in R&D project to achieve

initial comprehensive Space capability is presented.

2. Polish Capability Needs Related
to Autonomous Space Operations

Satellites are crucial for military supremacy. They
play essential role in a multitude of military applications,
including intelligence, surveillance, target acquisition,
reconnaissance, early warning, communications, and
GPS. In the commercial sector, besides GPS and com-
munications, they also cover bank transactions, the in-
ternet and weather monitoring.

These days, satellite systems are becoming more and
more vulnerable to destruction by Earth-based anti-sa-
tellite weapons. They could also be disrupted by active
jamming devices, directional lasers and kinetic systems
in orbit and on Earth, or simply by collision with Space
debris, which is increasing in number. The US, China,
India and Russia have all demonstrated anti-satellite ca-
pabilities by hitting their own satellites in Space [4].

Therefore, the shift from large, single-purpose satelli-
tes toward groups of smaller and cheaper ones that can act
in unison seems reasonable where possible and justifiable.

It is asserted that, in the mid to long term, there is
a need to develop dual-use autonomous Polish capabi-
lities in support of procured space assets in low Earth
orbit (LEO), especially at altitudes up to 800 km. A low
Earth orbit is an orbit around Earth with a period of 128
minutes or less (making at least 11.25 orbits per day)
and an eccentricity of less than 0.25. These capabilities
should allow for Space-to-ground and Space-to-Space
operations, as well as protection and defence of high value
Space assets, such as Polish Pléiades Neo satellites (Fig. 1).

Based on an analysis of trends in small satellites
development and application, the use of SmallSats for
these three types of Space operations in low Earth orbit
is considered.

Of course, one can rightly argue that for exam-
ple NATO permanent Joint Intelligence, Surveillance
& Reconnaissance capability or initiatives like Alliance
Persistent Surveillance from Space are strong enough
contributors in support of NATO operations, but even
in this case, space-based assets as a rule are to be owned
and operated by Nations and possibly by commercial

providers. The same is true for other Space capabilities
to be used by NATO [5], [6], [7].

Fig. 1. Pléiades Neo satellite. Image credit: Airbus Defense & Space

In building useful and effective Space capabilities,
the following challenges for the use of SmallSats Space
assets should be analyzed, assessed and options conside-
red: access to space, readiness, resilience, scientific, and
industrial potential to design and build capable satellite
platforms and payloads, as well as operational know how

that is not trivial and difficult to acquire.

3. Constellations and Smart Satellite
Formations

Constellations are large groups of satellites providing
global coverage for services like observation, communi-
cation and navigation (Fig. 2).

Fig. 2. Galileo constellation. Image credit: the European Space Agency

Smart satellite formations consist of multiple satelli-
tes operating in coordinated and adaptive configurations
to achieve specific objectives. They utilize advanced
technologies in communication, navigation, and con-
trol to dynamically adjust and optimize their positions
and functions. Such formations enable capabilities bey-
ond what a single satellite can achieve, including flexi-



A. Sowa. Biuletyn WAT/Bulletin of MUT vol. 73, no. 4 (716), 2024 11

ble reconfiguration and resilience through redundancy,
enhanced functionality and spatial resolution, improved
data collection and processing.

The following types of satellite formations are of spe-
cial interest in this paper for analysis and consideration
due to their useful characteristics described below.

o Trains: satellites following each other in the
same orbital path with precise spacing, useful for
time-sequential observations;

o Clusters: groups of satellites operating in clo-
se proximity, often in coordinated patterns to
achieve specific observational or other stated
goals;

o  Swarms (Fig. 3): large numbers of small satellites
with the ability to reconfigure dynamically.

Fig. 3. Satellite swarm for NASA’s Starling mission. Image credit:
Rocket Lab

The advantages of smart satellite formations are as

follows:

1) Flexibility and scalability, as they can dynamical-
ly adjust to new mission requirements and can
be scaled up or down as needed;

2) Redundancy and resilience: distributed systems
are more robust to individual satellite failures,
enhancing overall mission reliability;

3) Enhanced data quality and coverage: multiple
satellites can provide more comprehensive and
higher-quality data compared to single-satellite
missions;

4) Cost efficiency: shared resources and coordina-
ted operations can reduce mission costs.

There are also some challenges that should be ad-

dressed as well, such as:

1) Complex coordination, as maintaining precise
formations and coordination among numerous
satellites is technologically challenging;

2) Communication delays and bandwidth: en-
suring reliable and high-speed communication
links between satellites;

3) Collision avoidance: managing the risk of colli-
sions within densely packed formations;

4) Power management: high data processing and
communication demands require efficient po-
wer management systems.

4. Enhancing Military Capabilities
by Sensor-To-Shooter Satellites

Sensor-to-shooter satellites are advanced military as-
sets designed to streamline the process from threat de-
tection to engagement. These systems integrate sensor
data collection with rapid communication to shooter
platforms, enhancing response times and operational
effectiveness.

The key components and technologies needed for
such a capability are: sensor satellites, communica-
tion infrastructure, shooter platforms, data processing
& analytics, and command and control systems.

1) Sensor satellites are equipped with various sen-
sors (optical, infrared, radar, radio communi-
cations or electronic signals interceptors) to
detect and monitor targets, as well as to collect
real-time intelligence, surveillance, and recon-
naissance data. Examples include electro-optical
satellites for high-resolution imagery and radar
satellites for all-weather, day-night monitoring;

2) Communication infrastructure to secure high-
-bandwidth communication links to transmit
data between sensor satellites and ground, aerial
or sea-based shooter platforms. Utilizes RF and
laser communication for rapid data transfer;

3) Shooter platforms include ground-based, aerial
or sea-based weapon systems capable of enga-
ging targets and range from missile defense sys-
tems and artillery units to fighter jets and drone
swarms;

4) Data processing and analytics: onboard proces-
sing to filter and analyze sensor data and identify
threats in real-time. Al and machine learning al-
gorithms enhance target identification, classifi-
cation, and tracking;

5) Command and control systems: centralized or
distributed systems that coordinate the sensor-
-to-shooter loop to ensure seamless integration
of sensor data with shooter platforms, enabling
rapid decision-making.

Among the advantages of such systems are: rapid re-
sponse, enhanced situational awareness, increased accu-
racy and operational flexibility.

1) Rapid response significantly reduces the time
from target detection to engagement, enhancing
operational tempo and effectiveness;

2) Enhanced situational awareness provides com-
prehensive, real-time awareness of the battle-
space, improving decision-making and coordi-
nation;
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3) Increased accuracy: real-time data and advanced
analytics improve targeting precision, reducing
collateral damage;

4) Operational flexibility supports various mis-
sions, from missile defense to counterinsurgen-
cy operations, and is adaptable to different threat
environments.

The applications include: missile defense, allowing
early detection and tracking of ballistic missiles and
enabling timely interception; air superiority enhan-
cing air defense; maritime security by tracking and
engaging naval threats, including submarines and
surface vessels, but also counter-terrorism, allowing
monitoring and targeting terrorist activities and in-
frastructure.

The stated challenges are as follows:

1) Technical complexity related to developing and
integrating advanced sensors, communication
systems, and shooter platforms;

2) Cybersecurity to ensure the security and inte-
grity of data and communication links against
cyber threats;

3) High development and deployment costs,
requiring significant investment;

4) Regulatory considerations pertaining to interna-
tional regulations and ethical concerns related
to the use of autonomous weapons systems and
real-time surveillance.

5. Access to Space Options for Small Satellites

For small satellites to be highly effective, particularly
when arranged in constellations and formations, each
satellite has to be placed in a specific orbital plane and
orbital position.

Currently, three main options are available to reach
a specific orbit. The first is to employ a dedicated launch
with a small launch vehicle. Plenty of small launchers are
in development around the world, with few already opera-
tional. However, their cost per kilogram is predicted to be
much higher than that of large launchers [8]. The second
possibility is a rideshare option, where a satellite is trans-
ported by a large launcher together with other payloads to
a general predetermined orbit. After separation, satellites
need to be transferred to their specific orbits. This can be
done in two ways: either by using satellite’s own propul-
sion system or by a satellite carrier, also called a satellite
dispenser or space tug. Satellite carriers, such as D-Orbit
ION (Fig. 4), SHERPA, Firefly Aerospace SUV, Momentus
Vigoride, MOOG OMV:s are cargo spacecraft designed to
accommodate several satellites with a total mass up to hun-
dreds of kilograms and transport them into precise orbit
and orbital position. Throughout a mission, they can re-
lease hosted satellites individually, changing orbital para-
meter between one deployment and the next.

In [8] it has been demonstrated that a satellite carrier
is inherently less efficient than a group of autonomous

satellites using their own propulsion, particularly for
different orbits and large number of satellites. However,
it is not always possible or convenient to provide small
satellites, particularly the smallest ones (nanosats/ cube-
sats/ microsats) with comparable propulsion capabilities
of a larger carrier, making the latter still a very attractive
option in several situations.

Fig. 4. D-Orbit ION. Image credit: D-Orbit

Smalllaunch vehicles are more expensive than rideshare
options, but their costs impact only a part of total mission
costs and can provide a higher responsiveness and fre-
quency of launch opportunities for unserved orbits. A cost
analysis also shows that, particularly for sophisticated small
satellites, when the final orbit is far from the release one,
a dedicated small launch vehicle can be cost competitive
with the nominally much cheaper large launcher [8].

6. Building Useful and Effective SmallSats Space
Capabilities

Poland is an emerging space nation already with si-
gnificant know-how, experience, expertise and Space
heritage of hi-tech payloads to be useful in building ef-
fective SmallSats Space capabilities.

Lower development and launch costs, rapid
deployment and operation in smart formations, flexi-
ble reconfiguration and resilience through redundan-
cy are the characteristics of great importance in buil-
ding useful and effective SmallSats Space capabilities.
Distributed systems are more robust to individual
satellite failures. They can dynamically adjust to new
mission requirements and can be scaled up or down
as needed, enhancing overall mission effectiveness
and reliability.

SmallSats can also serve as reasonably cheap plat-
forms for testing new technologies and experimenta-
tion with innovative concepts, platforms and payloads
reducing overall risk. This could speed up the develop-
ment of scientific and industrial potential to design and
build capable satellite platforms and payloads, as well as
ground segment capability and operational know how
that is not trivial and not easy to acquire.
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These advantages of SmallSats Space assets justify the
argument that the Polish capability needs, related to au-
tonomous Space operations in mid to long term, could
be met by the use of SmallSats smart formations in sup-
port of procured space assets, provided that the critical
challenges are overcome.

However, it should be noted that some important
challenges, such as broadband inter-satellite commu-
nication, could also be overcome through the connec-
tivity with NATO and EU Space infrastructures. Other
problems could be solved or leveraged by the use of
advanced NATO and EU Space assets. Similarly, the use
of carefully selected commercial services should not be
excluded.

From a military standpoint, in Polish geopolitical re-
ality, Space assets readiness is of importance, as is the
assured launch of new satellites with the shortest possi-
ble “time to space”. For a variety of reasons, autonomous
launch capability for at least the smallest satellites should
be considered a must.

Future missions could also require the use of additio-
nal SmallSat Space assets that may not be well specified
ahead of time. To address this challenge, it is worth con-
sidering if satellite carriers like D-Orbit ION could be
procured and used as Mother Ships prepositioned in
specified orbits and loaded with different SmallSats to
be deployed in task force formations as needed.

7. PIAST - Polish Imaging Satellites Project

The challenges related to design, production, launch
and operation of Polish SmallSats constellation (Fig. 5)
and formation have been addressed in R&D project
PIAST (Polish ImAging SaTellites) by a consortium of
Polish research centers, academia and industry.

As a result, a comprehensive satellite system (Fig. 6)
consisting of a space segment with three satellites,

ground station, mission control center as well as advan-
ced data processing center is to be build and operated to
allow for in-orbit capability demonstration and experi-
mentation.

Fig. 5. PIAST satellites constellation.
Image credit: PIAST Consortium

The goal of PIAST project is to place in orbit
a constellation of three satellites in order to perform
optoelectronic Earth imaging and demonstrate a ca-
pability to acquire images with a 5 m ground reso-
lution. SmallSats will conduct orbital maneuvers to
demonstrate orbit change, formation forming, for-
mation flying, and cooperation of satellites in perfor-
ming tasks and experimentation both on Earth and
in Space in LEO orbits at different altitudes. They will
also demonstrate de-orbiting maneuvers at the end of
the mission.

The satellites are designed to be agile, modular and
scalable, with characteristics and functionalities use-
ful in different military missions, such as inter-satellite
communication and precision pointing. They are inte-
grated in Poland and use technologies developed in Po-
land, including satellite platforms, propulsion system,
AOCS, telescopes, laser rangefinder, and laser commu-
nication devices.

) W o P

Fig. 6. PIAST comprehensive satellite system. Image credit: PIAST Consortium
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Fig. 7. PIAST constellation and formation imagery modes. Image credit: PIAST Consortium

The SmallSats constellation will be operated from
Poland and from abroad through Ground Station as
a Service functionality. Newly developed AI algorithms
will take advantage of the numerical superposition of
imaging data received from cooperating satellites, inc-
luding simultaneous acquisition of pictures of the same
area (Fig. 7).

In-orbit experimentation includes precision ma-
neuvers, precision pointing capabilities and on-board
satellite sensing devices, space to ground laser commu-
nication, satellite laser ranging, inter-satellite laser com-
munication, as well as the use of ground laser for satelli-
tes detection and tracking.

The project has already resulted in the development
of new technologies, know-how, testing and industrial
capabilities, enabling the simultaneous production of
multiple satellites and their relevant payloads. The con-
cepts, solutions and technologies developed will be fi-
nally validated during Space mission.

8. Conclusions

Smart satellite formations represent a significant
advancement in satellite technology, enabling enhanced
data collection, improved mission resilience, and cost
efficiency. The flexibility and scalability of these forma-
tions make them a promising solution for a wide range of
current and future space missions. In military domain,
sensor-to-shooter satellites are providing disruptive mi-
litary technology, enabling rapid, precise, and flexible
response capabilities.

In this paper, it is asserted that, in the mid to long
term, there is the need to develop dual-use autonomous
Polish capabilities in support of procured space assets
operating in low Earth orbit, especially at altitudes up
to 800 km.

Based on the analysis of trends in small satellites
development and application as well as the advantages
related to SmallSats formations, the paper showed that
the Polish capability needs, related to autonomous Space

operations, could be met by the use of SmallSats smart
formations.

Poland, as an emerging space nation, already has
significant know-how, experience, expertise and Space
heritage of hi-tech payloads to be used in building effec-
tive SmallSats Space capabilities.

The challenges related to design, production, launch
and operation of Polish SmallSats constellation and for-
mation have already been addressed in R&D project
PIAST (Polish ImAging SaTellites) by a consortium of
Polish research centers, academia and industry. It is
expected to achieve initial comprehensive Space capa-
bility.

For a variety of reasons, autonomous launch capa-
bility for at least the smallest satellites is recommended.
It is also recommended to further investigate if satellite
carriers could be used as Mother Ships prepositioned in
specified orbits and loaded with different SmallSats to be
deployed in task force formations as needed.

It is proposed that some important challenges, such
as broadband inter-satellite communication, be over-
come through the connectivity with NATO and EU Spa-
ce infrastructures. Likewise, other problems could be
solved or leveraged by the use of advanced NATO and
EU Space assets, together with carefully selected com-
mercial services.
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Male satelity w inteligentnych operacjach kosmicznych
- polskie autonomiczne zdolnosci satelitarne to koniecznos¢

Adam Sowa

Streszczenie. Male satelity, zwane SmallSats, rewolucjonizuja sposob, w jaki podchodzimy do misji kosmicznych, dostarczajac opla-
calne, elastyczne i innowacyjne rozwigzania do prowadzenia operacji satelitarnych. Inteligentne formacje satelitarne dzigki znacznemu
postepowi w technologiach kosmicznych, zwigkszeniu odpornosci misji i efektywnoéci kosztowej, a takze elastyczno$ci i skalowalnoéci,
staly sie obiecujacym rozwiazaniem dla szerokiego zakresu obecnych i przysztych misji kosmicznych. W domenie wojskowej satelity
typu sensor-shooter dostarczaja przelomowej technologii, zapewniajac zdolnosci do szybkiego, precyzyjnego i elastycznego reagowania.
W artykule stwierdzono, ze w perspektywie $rednio- i dlugoterminowej istnieje potrzeba rozwijania polskich zdolno$ci autonomicz-
nych podwdjnego zastosowania w celu wsparcia pozyskanych zasobéw kosmicznych dziatajacych na niskiej orbicie okoloziemskiej,
zwlaszcza na wysoko$ciach do 800 km. Na podstawie analizy trendéw w rozwoju i zastosowaniu matych satelitow, a takze korzysci
zwigzanych z formacjami SmallSats, argumentuje sig, ze te potrzeby w zakresie zdolnosci moga zosta¢ zaspokojone przez zastosowanie
inteligentnych formacji SmallSats. Polska jako kraj z aspiracjami kosmicznymi ma juz znaczacy know-how, do$wiadczenie, wiedze spe-
cjalistyczng i tzw. Space heritage w zakresie zaawansowanych technologicznie podsystemow satelitarnych, ktére moga by¢ wykorzystane
w budowaniu efektywnych zdolnosci satelitarnych bazujacych na SmallSats. Podejécie to zostalo juz wdrozone w projekcie badawczo-
-rozwojowym PIAST (Polish ImAging SaTellites), ktory ma na celu osiagniecie wstepnej kompleksowej zdolnosci kosmicznej. Z réznych
powodow zaleca si¢ zbudowanie autonomicznych zdolnosci wynoszenia na orbit¢ przynajmniej najmniejszych satelitow. Wazne jest
réwniez zbadanie i zweryfikowanie, czy satelity transportowe (satellite carriers, Space Tugs) moglyby by¢ uzywane jako statki-matki
rozmieszczone wczesniej na okreslonych orbitach, bedace nosnikami matych satelitow o réznym przeznaczeniu, ktére w razie potrzeby
zostalyby uzyte w formacjach zadaniowych zgodnie z biezacymi wymaganiami. Proponuje sig, aby niektore istotne wyzwania, takie jak
szerokopasmowa tacznos¢ miedzysatelitarna, zostaly przezwycig¢zone przez zapewnienie interoperacyjnosci z infrastruktura kosmiczng
NATO i UE. Podobnie inne problemy mogg by¢ rozwigzywane lub lewarowane przez wykorzystanie zaawansowanych zasobow ko-
smicznych NATO i UE oraz starannie dobranych dostawcéw ustug komercyjnych.

Stowa kluczowe: mate satelity, formacje satelitarne, wojskowe zdolnosci kosmiczne, transportery satelitow


https://orcid.org/0000-0003-2726-9344
https://doi.org/10.1007/978-3-030-36308-6.
https://doi.org/10.1007/978-3-030-36308-6.
https://doi.org/10.3390/aerospace12030215
https://doi.org/10.3390/aerospace12030215
https://doi.org/10.1007/s42114-023-00678-5
https://doi.org/10.1007/s42114-023-00678-5
https://www.nato.int/cps/en/natohq/official_texts_190862.htm?selectedLocale=en
https://www.nato.int/cps/en/natohq/official_texts_190862.htm?selectedLocale=en
https://www.nato.int/cps/en/natohq/official_texts_190862.htm?selectedLocale=en
https://www.nato.int/cps/en/natohq/topics_111830.htm
https://www.nato.int/cps/en/natohq/topics_111830.htm
https://www.nato.int/cps/en/natohq/news_227472.htm#:~:text=The%20Alliance%20Persistent%20Surveillance%20from%20Space%20%28APSS%29%20programme,and%20at%20sea%20with%20unprecedented%20accuracy%20and%20timeliness
https://www.nato.int/cps/en/natohq/news_227472.htm#:~:text=The%20Alliance%20Persistent%20Surveillance%20from%20Space%20%28APSS%29%20programme,and%20at%20sea%20with%20unprecedented%20accuracy%20and%20timeliness
https://www.nato.int/cps/en/natohq/news_227472.htm#:~:text=The%20Alliance%20Persistent%20Surveillance%20from%20Space%20%28APSS%29%20programme,and%20at%20sea%20with%20unprecedented%20accuracy%20and%20timeliness
https://www.nato.int/cps/en/natohq/news_227472.htm#:~:text=The%20Alliance%20Persistent%20Surveillance%20from%20Space%20%28APSS%29%20programme,and%20at%20sea%20with%20unprecedented%20accuracy%20and%20timeliness
https://www.nato.int/cps/en/natohq/news_227472.htm#:~:text=The%20Alliance%20Persistent%20Surveillance%20from%20Space%20%28APSS%29%20programme,and%20at%20sea%20with%20unprecedented%20accuracy%20and%20timeliness




