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FROM THE ED   TOR'S DESK

B. KARTIKEYA
Editor-in-chief

The news from the deepest 
parts of the enormous 
cosmos is brought to you 
in this episode of space 
exploration.

kartikeya@futureaviation.in

Hello my dear readers,

S pacepreneur is the top source for news on astronomy, 
innovation, and space travel, documenting (and 

applauding) humanity’s continued exploration of the last 
frontier. The news from the deepest parts of the enormous 
cosmos is brought to you in this episode of space exploration.

I really appreciate how Space Industry in India is growing 
& the whole eco system is shaping up. Space startup Industry 
in India is now stealing the show with their applications in 
day to day life. 

The interaction with co-founders of DHRUVA SPACE 
will give you a glimpse of Dhruva Space’s history & recent 
achievements in the industry. I am happy to see their success 
in the coming years. 

"IoT is progressively converting as a routine phenomenon 
in the world where it has started to optimise, streamline, and 

systematise things. It is projected to enter and grow in all the 
segments for society in about a decade’s time. It is predictable 
to an extent that every key device shall be effective and 
running through IoT." written by Amandeep Singh and he is 
a serving Indian Army Officer with distinctive cross-domain 
expertise who has contributed in the field of Space ISR.

We always strive to bring up pertinent business 
challenges and highlight critical aspects of the astronomy 
sector’s expansion. A collection of well known, accomplished 
professionals and journalists with years of experience and 
considered authorities in their industries have written the 
pieces for this magazine. I acknowledge everyone who took 
the time to write for us as a distinguished guest author.

SIA-India, a leading space industry association and 
advocate for space exploration and technology advancement, 
announces strategic partnerships with multiple countries, 
including Switzerland, Australia, the US, Italy, Indonesia, 
Singapore, Malaysia, and the Philippines. These alliances, 
unveiled ahead of the highly anticipated India Space Congress 
(ISC) 2024, organized by SIA-India, from June 26 to June 28, 
2024, in New Delhi, under the theme 'Bridging Boundaries 
and Transforming Tomorrow,' aim to elevate India's space 
capabilities through international collaboration.

With that, I take your leave this month. More when we 
meet again in our next issue. Till then, stay safe, God bless.

"The interaction with co-founders of DHRUVA SPACE will 
give you a glimpse of Dhruva Space’s history & recent 
achievements in the industry. I am happy to see their 
success in the coming years."

spacepreneurmag@gmail.com www.spacepreneurmag.com
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WEBB 
UNLOCKS 

SECRETS OF 
PRIMEVAL 

GALAXY

Groundbreaking Survey Reveals Secrets  
of Planet Birth Around Dozens of Stars

L ooking deep into space and time, two teams using the NASA/ESA/CSA James Webb 
Space Telescope have studied the exceptionally luminous galaxy GN-z11, which existed 
when our 13.8 billion-year-old Universe was only about 430 million years old.

Delivering on its promise to transform our understanding of the early Universe, the 
James Webb Space Telescope is probing galaxies near the dawn of time. One of these is 
the exceptionally luminous galaxy GN-z11, which existed when the Universe was just a tiny 
fraction of its current age. Initially detected with the NASA/ESA Hubble Space Telescope, it is 
one of the youngest and most distant galaxies ever observed, and it is also one of the most 
enigmatic. Why is it so bright? Webb appears to have found the answer.

A team studying GN-z11 with Webb found the first clear evidence that the galaxy is 
hosting a central, supermassive black hole that is rapidly accreting matter. Their finding 
makes this the most distant active supermassive black hole spotted to date.

“We found extremely dense gas that is common in the vicinity of supermassive black 
holes accreting gas,” explained principal investigator Roberto Maiolino of the Cavendish 
Laboratory and the Kavli Institute of Cosmology at the University of Cambridge in the 
United Kingdom. “These were the first clear signatures that GN-z11 is hosting a black hole 
that is gobbling matter.” Using Webb, the team also found indications of ionised chemical 
elements typically observed near accreting supermassive black holes. Additionally, they 
discovered that the galaxy is expelling a very powerful wind. Such high-velocity winds are 
typically driven by processes associated with vigorously accreting supermassive black holes.

“Webb’s NIRCam (Near-Infrared Camera) has revealed an extended component, tracing 
the host galaxy, and a central, compact source whose colours are consistent with those 
of an accretion disc surrounding a black hole,” said investigator Hannah Übler, also of the 
Cavendish Laboratory and the Kavli Institute.

Together, this evidence shows that GN-z11 hosts a two-million-solar-mass, supermassive 
black hole in a very active phase of consuming matter, which is why it’s so luminous. A 
second team, also led by Maiolino, used Webb’s NIRSpec (Near-Infrared Spectrograph) to 
find a gaseous clump of helium in the halo surrounding GN-z11.

“The fact that we don’t see anything else beyond helium suggests that this clump 
must be fairly pristine,” said Roberto. “This is something that was expected by theory and 
simulations in the vicinity of particularly massive galaxies from these epochs – that there 
should be pockets of pristine gas surviving in the halo, and these may collapse and form 
Population III star clusters.”

Finding the so far unseen Population III stars – the first generation of stars formed 
almost entirely from hydrogen and helium – is one of the most important goals of modern 
astrophysics. These stars are expected to be very massive, very luminous, and very hot. Their 
signature would be the presence of ionised helium and the absence of chemical elements 
heavier than helium.

The formation of the first stars and galaxies marks a fundamental shift in cosmic history, 
during which the Universe evolved from a dark and relatively simple state into the highly 
structured and complex environment we see today. In future Webb observations, Roberto, 
Hannah, and their team will explore GN-z11 in greater depth, and they hope to strengthen the 
case for the Population III stars that may be forming in its halo.

The research on the pristine gas clump in GN-z11’s halo has been accepted for publication 
in Astronomy & Astrophysics. The results of the study of GN-z11’s black hole were published in 
the journal Nature on 17 January 2024.

In a series of studies, a team of astronomers has shed new light on the fascinating and complex process 
of planet formation. The stunning images, captured using the European Southern Observatory's Very 
Large Telescope (ESO’s VLT) in Chile, represent one of the largest ever surveys of planet-forming 

discs. The research brings together observations of more than 80 young stars that might have planets 
forming around them, providing astronomers with a wealth of data and unique insights into how 
planets arise in different regions of our galaxy.

“This is really a shift in our field of study,” says Christian Ginski, a lecturer at the University of Galway, 
Ireland, and lead author of one of three new papers published today in Astronomy & Astrophysics. 
“We’ve gone from the intense study of individual star systems to this huge overview of entire star-
forming regions.” To date more than 5000 planets have been discovered orbiting stars other than the 
Sun, often within systems markedly different from our own Solar System. To understand where and 
how this diversity arises, astronomers must observe the dust- and gas-rich discs that envelop young 
stars — the very cradles of planet formation. These are best found in huge gas clouds where the stars 
themselves are forming.

Much like mature planetary systems, the new images showcase the extraordinary diversity of 
planet-forming discs. “Some of these discs show huge spiral arms, presumably driven by the intricate 
ballet of orbiting planets,” says Ginski. “Others show rings and large cavities carved out by forming 
planets, while yet others seem smooth and almost dormant among all this bustle of activity,” adds 
Antonio Garufi, an astronomer at the Arcetri Astrophysical Observatory, Italian National Institute for 
Astrophysics (INAF), and lead author of one of the papers.

The team studied a total of 86 stars across three different star-forming regions of our galaxy: 
Taurus and Chamaeleon I, both around 600 light-years from Earth, and Orion, a gas-rich cloud about 
1600 light-years from us that is known to be the birthplace of several stars more massive than the 

Sun. The observations were gathered by a large international team, comprising 
scientists from more than 10 countries. The team was able to glean several 
key insights from the dataset. For example, in Orion they found that stars in 
groups of two or more were less likely to have large planet-forming discs. This 
is a significant result given that, unlike our Sun, most stars in our galaxy have 
companions. As well as this, the uneven appearance of the discs in this region 
suggests the possibility of massive planets embedded within them, which 

could be causing the discs to warp and become misaligned.
While planet-forming discs can extend for distances hundreds of times greater than the distance 

between Earth and the Sun, their location several hundreds of light-years from us makes them 
appear as tiny pinpricks in the night sky. To observe the discs, the team employed the sophisticated 
Spectro-Polarimetric High-contrast Exoplanet REsearch instrument (SPHERE) mounted on ESO’s VLT. 
SPHERE’s state-of-the-art extreme adaptive optics system corrects for the turbulent effects of Earth’s 
atmosphere, yielding crisp images of the discs. This meant the team were able to image discs around 
stars with masses as low as half the mass of the Sun, which are typically too faint for most other 
instruments available today. Additional data for the survey were obtained using the VLT’s X-shooter 
instrument, which allowed astronomers to determine how young and how massive the stars are. The 
Atacama Large Millimeter/submillimeter Array (ALMA), in which ESO is a partner, on the other hand, 
helped the team understand more about the amount of dust surrounding some of the stars.

As technology advances, the team hopes to delve even deeper into the heart of planet-forming 
systems. The large 39-metre mirror of ESO’s forthcoming Extremely Large Telescope (ELT), for example, 
will enable the team to study the innermost regions around young stars, where rocky planets like our 
own might be forming. For now, these spectacular images provide researchers with a treasure trove of 
data to help unpick the mysteries of planet formation. “It is almost poetic that the processes that mark 
the start of the journey towards forming planets and ultimately life in our own Solar System should be 
so beautiful,” concludes Per-Gunnar Valegård, a doctoral student at the University of Amsterdam, the 
Netherlands, who led the Orion study. Valegård, who is also a part-time teacher at the International 
School Hilversum in the Netherlands, hopes the images will inspire his pupils to become scientists in 
the future.

GLOBAL NEWS
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GLOBAL NEWS

Contract for New Galileo 
Atomic Clock Tech Signed

E SA, on behalf of the European 
Commission, has signed a €12 million 
contract with Leonardo S.p.A (Italy) and 

Istituto Nazionale di Ricerca Metrologica to 
design and develop a new ultra-precise atomic 
clock technology for Galileo. Ultra-precise and 
reliable atomic clocks are an essential pillar 
in satellite navigation, driving overall system 
performance and positioning accuracy. From 
the drawing board to being operational in 
space, a full technology innovation cycle can 
take up to a decade, so to keep Galileo at the 
forefront of global satnav ESA is continually 
undertaking research and development for the 
evolution of both Galileo and EGNOS via the EU 
programme Horizon Europe.

Last month, ESA kicked off a new project to 
design, develop and qualify a new technology 
for atomic clocks. On behalf of the European 
Commission and after a formal selection 
process under open competition, ESA signed 
a contract for an amount of €12 million with 
a consortium formed by the Italian company 
Leonardo S.p.A as prime contractor and Istituto 
Nazionale di Ricerca Metrologica (INRiM) as 
subcontractor. As part of the R&D workplan 
for Galileo, ESA will also assess other clock 
technologies, the procurement of which is still 
ongoing.

“The pulsed optically pumped rubidium 
atomic clock under development combines 
the robustness of rubidium vapour cell atomic 
clocks, largely used in satellite navigation 
constellations like Galileo, with state-of-the-
art optical and digital technologies,” explains 
Manuela Rapisarda, GNSS Evolutions Payload 
Principal Engineer at ESA.

Under this contract, the consortium will 
design, manufacture, test and qualify an 
engineering qualification model, after which 
an experimental flight model is expected to 
fly on a Galileo Second Generation satellite for 
early in-orbit verification. After initial tests, the 
new clock will still be monitored to study its 
reliability and long-term lifetime. Experimental 
clocks will fly in addition to the operational 
clocks that are used in the provision of Galileo 

services.
Galileo is one of the most crucial space-

based infrastructures in Europe. “If qualified, the 
new clock technology will not only contribute to 
improving its performance but will guarantee 
Europe to stay at the forefront of atomic clock 
technology,” says Pascale Flagel, Head of Galileo 
and EGNOS Evolution Division.

Apart from investing in the development of 
new clock technology, Horizon Europe is also 
running research and development activities 
on other aspects for the evolution of EGNOS 
and Galileo, both in space and on the ground, to 
leverage emerging trends and address evolving 
user needs.
Mastering timekeeping in space
The capability of a satellite navigation system 
to pinpoint a location stems from calculating 
the time it takes for a signal to travel from 
the satellite to a receiver. Galileo satellites 
orbit 23 222 km above Earth, transmitting 
signals that incorporate a time stamp. Since 
the propagation speed of the signal is known, 
the difference between the transmission and 
reception time determines the distance of the 
user with respect to the satellite. It is possible to 

determine the user position on Earth knowing 
its distance from at least four satellites.

The signal transmitted by the satellite takes 
around a twelfth of a second to reach the user 
on Earth. Positioning accuracy is therefore 
linked to Galileo’s timing precision which needs 
to be within few nanoseconds – billionths of a 
second – in order to have a positioning accuracy 
of meters.

Currently, Galileo satellites of the first 
generation carry passive hydrogen masers, also 
developed by Leonardo and the most precise 
clocks in orbit to this date, and rubidium clocks, 
supplied by Safran. The new alternative atomic 
clock technology subject of the signed contract 
is expected to be even more precise than any 
of the current Galileo clocks, with a decrease in 
energy consumption and a mass reduction of 
more than 40% with respect to Galileo passive 
hydrogen maser clocks. With the ultra-precise 
clocks currently flying on Galileo, the new 
pulsed optically pumped rubidium atomic clock 
and other innovative clock technologies now in 
early research stages, Galileo is in an excellent 
position to evolve and remain the best satellite 
navigation system in the world.  
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WEBB & HUBBLE CONFIRM 
UNIVERSE'S EXPANSION RATE

T he rate at which the Universe is expanding, 
known as the Hubble constant, is one of the 
fundamental parameters for understanding the 

evolution and ultimate fate of the cosmos. However, 
a persistent difference, called the Hubble Tension, is 
seen between the value of the constant measured with 
a wide range of independent distance indicators and 
its value predicted from the afterglow of the Big Bang. 
The NASA/ESA/CSA James Webb Space Telescope has 
confirmed that the Hubble Space Telescope’s keen eye 
was right all along, erasing any lingering doubt about 
Hubble’s measurements.

One of the scientific justifications for building 
the NASA/ESA Hubble Space Telescope was to use 
its observing power to provide an exact value for the 
expansion rate of the Universe. Prior to Hubble’s launch 
in 1990, observations from ground-based telescopes 
yielded huge uncertainties. Depending on the values 
deduced for the expansion rate, the Universe could be 
anywhere between 10 and 20 billion years old. Over the 
past 34 years Hubble has shrunk this measurement 
to an accuracy of less than one percent, splitting the 
difference with an age value of 13.8 billion years. This 
has been accomplished by refining the so-called ‘cosmic 
distance ladder’ by measuring important milepost 
markers known as Cepheid variable stars.

However, the Hubble value does not agree with 
other measurements that imply that the Universe was 
expanding faster after the Big Bang. These observations 
were made by the ESA Planck satellite’s mapping of the 
cosmic microwave background radiation – a blueprint 
for how the Universe would evolve structure after it 
cooled down from the Big Bang.

The simple solution to the dilemma would be to 
say that maybe the Hubble observations are wrong, 
as a result of some inaccuracy creeping into its 
measurements of the deep-space yardsticks. Then 
along came the James Webb Space Telescope, enabling 
astronomers to crosscheck Hubble’s results. Webb’s 
infrared views of Cepheids agreed with Hubble’s optical-
light data. Webb confirmed that the Hubble telescope’s 
keen eye was right all along, erasing any lingering 
doubt about Hubble’s measurements.

The bottom line is that the so-called Hubble 
Tension between what happens in the nearby Universe 
compared to the early Universe’s expansion remains 
a nagging puzzle for cosmologists. There may be 
something woven into the fabric of space that we don’t 
yet understand.

Does resolving this discrepancy require new 
physics? Or is it a result of measurement errors between 
the two different methods used to determine the rate 
of expansion of space?

Hubble and Webb have now tag-teamed to 
produce definitive measurements, furthering the case 
that something else – not measurement errors – is 
influencing the expansion rate.

“With measurement errors negated, what remains 
is the real and exciting possibility that we have 
misunderstood the Universe,” said Adam Riess, a 
physicist at Johns Hopkins University in Baltimore. Adam 
holds a Nobel Prize for co-discovering the fact that 
the Universe’s expansion is accelerating, owing to a 
mysterious phenomenon now called ‘dark energy’.

As a crosscheck, an initial Webb observation in 
2023 confirmed that Hubble’s measurements of the 
expanding Universe were accurate. However, hoping to 
relieve the Hubble Tension, some scientists speculated 
that unseen errors in the measurement may grow and 
become visible as we look deeper into the Universe. 
In particular, stellar crowding could affect brightness 
measurements of more distant stars in a systematic 
way. The SH0ES (Supernova H0 for the Equation of State 
of Dark Energy) team, led by Adam, obtained additional 
observations with Webb of objects that are critical 
cosmic milepost markers, known as Cepheid variable 
stars, which can now be correlated with the Hubble 
data.

“We’ve now spanned the whole range of what 
Hubble observed, and we can rule out a measurement 
error as the cause of the Hubble Tension with very high 
confidence,” Adam said.

The team’s first few Webb observations in 2023 were 
successful in showing Hubble was on the right track in 
firmly establishing the fidelity of the first rungs of the 
so-called cosmic distance ladder.

Astronomers use various methods to measure 
relative distances in the Universe, depending upon the 
object being observed. Collectively these techniques 
are known as the cosmic distance ladder – each rung or 
measurement technique relies upon the previous step 

for calibration.
But some astronomers suggested that, moving 

outward along the ‘second rung’, the cosmic distance 
ladder might get shaky if the Cepheid measurements 
become less accurate with distance. Such inaccuracies 
could occur because the light of a Cepheid could blend 
with that of an adjacent star – an effect that could 
become more pronounced with distance as stars crowd 
together on the sky and become harder to distinguish 
from one another.

The observational challenge is that past Hubble 
images of these more distant Cepheid variables look 
more huddled and overlapping with neighbouring stars 
at ever greater distances between us and their host 
galaxies, requiring careful accounting for this effect. 
Intervening dust further complicates the certainty of 
the measurements in visible light. Webb slices through 
the dust and naturally isolates the Cepheids from 
neighbouring stars because its vision is sharper than 
Hubble’s at infrared wavelengths.

“Combining Webb and Hubble gives us the best of 
both worlds. We find that the Hubble measurements 
remain reliable as we climb farther along the cosmic 
distance ladder,” said Adam. The new Webb observations 
include five host galaxies of eight Type Ia supernovae 
containing a total of 1000 Cepheids, and reach out to 
the farthest galaxy where Cepheids have been well 
measured – NGC 5468, at a distance of 130 million 
light-years. “This spans the full range where we made 
measurements with Hubble. So, we’ve gone to the end 
of the second rung of the cosmic distance ladder,” said 
co-author Gagandeep Anand of the Space Telescope 
Science Institute in Baltimore, which operates the Webb 
and Hubble Telescopes for NASA.

Together, Hubble’s and Webb’s confirmation of the 
Hubble Tension sets up other observatories to possibly 
settle the mystery, including NASA’s upcoming Nancy 
Grace Roman Space Telescope and ESA’s recently 
launched Euclid mission.

At present it’s as though the distance ladder 
observed by Hubble and Webb has firmly set an anchor 
point on one shoreline of a river, and the afterglow of 
the Big Bang observed by Planck from the beginning 
of the Universe is set firmly on the other side. How 
the Universe’s expansion was changing in the billions 
of years between these two endpoints has yet to be 
directly observed. “We need to find out if we are missing 
something on how to connect the beginning of the 
Universe and the present day,” said Adam.

GLOBAL NEWS
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GLOBAL NEWS

NASA'S TINY BURSTCUBE MISSION 
LAUNCHES TO STUDY COSMIC BLASTS

NASA’s BurstCube, a shoebox-sized satellite 
designed to study the universe’s most 
powerful explosions, is on its way to the 

International Space Station. The spacecraft travels 
aboard SpaceX’s 30th Commercial Resupply 
Services mission, which lifted off at 4:55 p.m. EDT 
on Thursday, March 21, from Launch Complex 40 at 
Cape Canaveral Space Force Station in Florida. After 
arriving at the station, BurstCube will be unpacked 
and later released into orbit, where it will detect, 
locate, and study short gamma-ray bursts – brief 
flashes of high-energy light.

“BurstCube may be small, but in addition to 
investigating these extreme events, it’s testing new 
technology and providing important experience 
for early career astronomers and aerospace 
engineers,” said Jeremy Perkins, BurstCube’s 
principal investigator at NASA’s Goddard Space 
Flight Center in Greenbelt, Maryland.

Short gamma-ray bursts usually occur after 
the collisions of neutron stars, the superdense 
remnants of massive stars that exploded in 
supernovae. The neutron stars can also emit 
gravitational waves, ripples in the fabric of space-
time, as they spiral together.

Astronomers are interested in studying 
gamma-ray bursts using both light and 
gravitational waves because each can teach them 
about different aspects of the event. This approach 
is part of a new way of understanding the cosmos 
called multimessenger astronomy. The collisions 
that create short gamma-ray bursts also produce 
heavy elements like gold and iodine, an essential 
ingredient for life as we know it. Currently, the 
only joint observation of gravitational waves 
and light from the same event – called GW170817 
– was in 2017. It was a watershed moment in 
multimessenger astronomy, and the scientific 
community has been hoping and preparing for 
additional concurrent discoveries since.

“BurstCube’s detectors are angled to allow us 
to detect and localize events over a wide area of 
the sky,” said Israel Martinez, research scientist 
and BurstCube team member at the University of 
Maryland, College Park and Goddard. “Our current 
gamma-ray missions can only see about 70% of 
the sky at any moment because Earth blocks 
their view. Increasing our coverage with satellites 
like BurstCube improves the odds we’ll catch 
more bursts coincident with gravitational wave 

detections.”
BurstCube’s main instrument detects gamma 

rays with energies ranging from 50,000 to 1 million 
electron volts. (For comparison, visible light ranges 
between 2 and 3 electron volts.)

When a gamma ray enters one of BurstCube’s 
four detectors, it encounters a cesium iodide layer 
called a scintillator, which converts it into visible 
light. The light then enters another layer, an array 
of 116 silicon photomultipliers, that converts it 
into a pulse of electrons, which is what BurstCube 
measures. For each gamma ray, the team sees 
one pulse in the instrument readout that provides 
the precise arrival time and energy. The angled 
detectors inform the team of the general direction 
of the event.

BurstCube belongs to a class of spacecraft 
called CubeSats. These small satellites come in a 
range of standard sizes based on a cube measuring 
10 centimeters (3.9 inches) across. CubeSats 
provide cost-effective access to space to facilitate 
groundbreaking science, test new technologies, 

and help educate the next generation of 
scientists and engineers in mission development, 
construction, and testing.

“We were able to order many of BurstCube’s 
parts, like solar panels and other off-the-shelf 
components, which are becoming standardized for 
CubeSats,” said Julie Cox, a BurstCube mechanical 
engineer at Goddard. “That allowed us to focus 
on the mission’s novel aspects, like the made-in-
house components and the instrument, which 
will demonstrate how a new generation of 
miniaturized gamma-ray detectors work in space.”

BurstCube is led by NASA’s Goddard Space Flight 
Center in Greenbelt, Maryland. It’s funded by the 
Science Mission Directorate’s Astrophysics Division 
at NASA Headquarters. The BurstCube collaboration 
includes: the University of Alabama in Huntsville; 
the University of Maryland, College Park; the 
University of the Virgin Islands; the Universities 
Space Research Association in Washington; the 
Naval Research Laboratory in Washington; and 
NASA’s Marshall Space Flight Center in Huntsville.
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Airbus Continues to Collaborate 
With NASA to Monitor Climate 
Change from Space

NASA Sees Progress on 
Blue Origin's Orbital 
Reef Life Support System

A irbus has been awarded a contract to design and build the GRACE-C twin spacecraft 
by NASA’s Jet Propulsion Laboratory JPL (Pasadena, California). This new mission 
of NASA and the German Space Agency at the German Aerospace Center (DLR) will 

strengthen the more than 20 yearlong partnership between the USA and Germany to ensure 
uninterrupted measurement of the Earth's gravity field, which started in 2002 with GRACE and 
continues with GRACE Follow-On, launched in 2018.

During its five year nominal mission lifetime, the GRACE-C Mission (Gravity Recovery 
And Climate Experiment-Continuity) will continue the series of measurements observing 
how Earth’s groundwater, oceans, ice sheets, and land shift, month-to-month, by measuring 
changes in the planet’s gravity field. Alain Fauré, Head of Space Systems at Airbus, said: “It 
is amazing to think that, without looking down at Earth, two satellites more than 200 km 
away from each other, can tell us how quickly our ice sheets are melting. In environmental 
monitoring, continuity is key. The valuable data provided by the previous GRACE missions 
is testament to their success and it is great news that Airbus continues to be part of this 
international mission providing the tools to measure how our climate is evolving.”

GRACE-C consists of two identical satellites flying around 200 km apart at an orbit altitude 
of 500 km with an inclination of 89 degrees. Each satellite will measure approximately 3 x 2 x 
1 metres and weigh around 600 kg. Launch is planned no earlier than late 2028 from the USA.

Like its predecessors, the GRACE-C mission is designed to precisely measure small distance 
changes between the satellites due to gravity variations, with an unprecedented precision down 

to the micron. As the pair of satellites circle the Earth, areas of slightly 
stronger gravity (greater mass concentration) will affect the spacecraft’s 
positions and hence the distance between them. The extremely precise 
microwave ranging system will detect these changes and enable 
the mapping of Earth’s gravity field with unmatched accuracy. Over 
the months and years, the comparison of these gravity maps, or the 
evolution of mass concentrations, will enable scientists to assess the 

global water balance, including groundwater tables and ice sheets, and the influence of climate 
change. It will also provide insights into deep and surface currents in oceans and ocean height 
contributors. GRACE-C is a rebuild of the two GRACE Follow-On satellites with upgraded avionics 
based on state-of-the-art technology and the joint US-German Laser Ranging Interferometer 
(LRI), already flown on GRACE Follow-On as an experimental payload, now being the main ranging 
instrument. The mission is based on a NASA/DLR interagency partnership: German contributions 
are funded by the Federal German Ministry of Economic Affairs and Climate Action as well as the 
Federal and Ministry of Education and Research. The optical bench of the LRI instrument is built by 
SpaceTech GmbH in close cooperation with the Max Planck Institute Gravitational Science (Albert 
Einstein Institute). Airbus Defence and Space in Friedrichshafen will design, build and deliver the 
satellites to the launch site, including Launch and Early Orbit Phase (LEOP) support for NASA/JPL. The 
mission will be operated by the German Space Operations Center (GSOC) of DLR.
GRACE-C – a successful series of missions to observe Earth’s environment continues
GRACE-C is a joint mission of the US space agency NASA and the German Space Agency at the 
German Aerospace Center (Deutsches Zentrum für Luft- und Raumfahrt; DLR). The German 
contribution is being realised with funds from the Federal Ministry for Economic Affairs and Climate 
Action (Bundesministerium für Wirtschaft und Klimaschutz; BMWK) and the Federal Ministry of 
Education and Research (Bundesministerium für Bildung und Forschung; BMBF). This is supported 
by contributions from other project partners on the German side. The GeoForschungsZentrum 
Potsdam (GFZ) will be responsible for the scientific evaluation of the mission data and the Max 
Planck Institute for Gravitational Physics (Albert Einstein Institute) together with the company 
SpaceTech GmbH in Immenstaad for the construction of the laser system to measure the distance 
between the GRACE-C spacecraft

A NASA-funded commercial space station, Blue Origin’s Orbital Reef, recently 
completed testing milestones for its critical life support system as part 
of the agency’s efforts for new destinations in low Earth orbit. The four 

milestones are part of a NASA Space Act Agreement originally awarded to Blue 
Origin in 2021 and focused on the materials and designs for systems to clean, 
reclaim, and store the air and water critical for human spaceflight.

NASA is working closely with commercial companies to develop new space 
stations capable of providing services to NASA and others, which will ensure that 
the U.S. maintains a continuous human presence in low Earth orbit and provides 
direct benefits for people on Earth.

“These milestones are critical to ensuring that a commercial destination 
can support human life so NASA astronauts can continue to have access to low 
Earth orbit to conduct important scientific research in the unique microgravity 
environment,” said Angela Hart, manager of NASA’s Commercial Low Earth Orbit 
Development Program. “Additionally, each milestone that is completed allows NASA 
to gain insight into our partner’s progress on station design and development.”

Humans living and working in space do so in a closed environment that must 
be monitored and controlled. On the International Space Station, components for 
the environmental control and life support system maintain clean air and water 
for astronauts. The regenerative system recycles and reclaims most of the water 
and oxygen produced by normal human activities. This significantly reduces the 
amount of mass that would have to be launched to the orbiting laboratory for 
these functions.

Orbital Reef will have a similar system in place. All four milestones tested 
different parts of the system, including a trace contaminant control test, water 
contaminant oxidation test, urine water recovery test, and water tank test.

The trace contaminant control test screened materials to remove harmful 
impurities from the air. The water containment oxidation test, urine water recovery 
test, and water tank test all focused on potential cleaning, reclaiming, and storing 
technologies.

NASA is supporting the design and development of multiple commercial 
space stations, including Blue Origin’s Orbital Reef, through funded and unfunded 
agreements. The current design and development phase will be followed by the 
procurement of services from one or more companies, where NASA aims to be one 
of many customers for low Earth orbit destinations.

NASA’s commercial strategy for low Earth orbit will provide the government 
with reliable and safe services at a lower cost and enable the agency to focus on 
Artemis missions to the Moon in preparation for Mars, while also continuing to use 
low Earth orbit as a training and proving ground for those deep space missions.

GLOBAL NEWS
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NASA's Hubble Finds that Aging 
Brown Dwarfs Grow Lonely

I t takes two to tango, but in the case of brown 
dwarfs that were once paired as binary 
systems, that relationship doesn't last for 

very long, according to a recent survey 
from NASA's Hubble Space Telescope.

Brown dwarfs are interstellar 
objects larger than Jupiter but 
smaller than the lowest-mass 
stars. They are born like stars 
– out of a cloud of gas and 
dust that collapses – but 
do not have enough mass 
to sustain the fusion of 
hydrogen like a normal star.

Astronomers using 
Hubble confirm that 
companions are extremely 
rare around the lowest-mass 
and coldest brown dwarfs. 
Hubble can detect binaries 
as close to each other as a 
300-million-mile separation – the 
approximate separation between 
our Sun and the asteroid belt. But they 
didn't find any binary pairs in a sample of  
brown dwarfs in the solar neighborhood. This 
implies that a binary pair of dwarfs is so weakly 
linked by gravity that they drift apart over a 
few hundred million years due to the pull of 
bypassing stars.

"Our survey confirms that widely separated 
companions are extremely rare among the 
lowest-mass and coldest isolated brown 
dwarfs, even though binary brown dwarfs are 
observed at younger ages. This suggests that 
such systems do not survive over time," said 
lead author Clémence Fontanive of the Trottier 
Institute for Research on Exoplanets, Université 
de Montréal, Canada.

In a similar survey Fontanive conducted a 
couple of years ago, Hubble looked at extremely 
young brown dwarfs and some had binary 
companions, confirming that star-forming 
mechanisms do produce binary pairs among 
low-mass brown dwarfs. The lack of binary 
companions for older brown dwarfs suggests 
that some may have started out as binaries, but 
parted ways over time.

The new Hubble findings, published in The 
Monthly Notices of the Royal Astronomical 
Society, further support the theory that brown 
dwarfs are born the same way as stars, through 
the gravitational collapse of a cloud of molecular 
hydrogen. The difference being that they do not 
have enough mass to sustain nuclear fusion of 
hydrogen for generating energy, whereas stars 
do. More than half of the stars in our galaxy 
have a companion star that resulted from these 
formation processes, with more massive stars 
more commonly found in binary systems. "The 
motivation for the study was really to see how 
low in mass the trends seen among multiple stars 
systems hold up," said Fontanive.

"Our Hubble survey offers direct evidence 
that these binaries that we observe when 
they're young are unlikely to survive to old 
ages, they're likely going to get disrupted. 
When they're young, they're part of a molecular 

cloud, and then as they age the cloud disperses. 
As that happens, things start moving around 

and stars pass by each other. Because brown 
dwarfs are so light, the gravitational hold 

tying wide binary pairs is very weak, 
and bypassing stars can easily 

tear these binaries apart," said 
Fontanive.

The team selected a 
sample of brown dwarfs 
previously identified by 
NASA's Wide-Field Infrared 
Survey Explorer. It sampled 
some of the coldest 
and lowest-mass old 
brown dwarfs in the solar 

neighborhood. These old 
brown dwarfs are so cool (a 

few hundred degrees warmer 
than Jupiter in most cases) that 

their atmospheres contain water 
vapor that condensed out.
To find the coolest companions, 

the team used two different near-
infrared filters, one in which cold brown 

dwarfs are bright, and another covering specific 
wavelengths where they appear very faint due 
to water absorption in their atmospheres.  

"This is the best observational evidence to 
date that brown dwarf pairs drift apart over 
time," said Fontanive. "We could not have done 
this kind of survey and confirmed earlier models 
without Hubble's sharp vision and sensitivity."

The Hubble Space Telescope has been 
operating for over three decades and continues 
to make ground-breaking discoveries that 
shape our fundamental understanding of the 
universe. Hubble is a project of international 
cooperation between NASA and ESA (European 
Space Agency). NASA's Goddard Space Flight 
Center in Greenbelt, Maryland, manages the 
telescope. Goddard also conducts mission 
operations with Lockheed Martin Space based 
in Denver, Colorado. The Space Telescope 
Science Institute in Baltimore, Maryland, which 
is operated by the Association of Universities 
for Research in Astronomy, conducts Hubble 
science operations for NASA.

GLOBAL NEWS
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Firefly Aerospace 
Announces 2nd Round of 
DREAM Payload Awardees

NASA to Demonstrate Miniature 
CubeSat Swarm Technology

F irefly Aerospace, Inc., an end-to-end space transportation company announced it selected 
three educational payloads to launch aboard Firefly’s Alpha rocket as early as 2025. As part 
of Firefly’s DREAM (Dedicated Research Education Accelerator Mission) program, Firefly 

is donating excess capacity on its Alpha launch vehicle to fly CubeSats from the University of 
Illinois, Auburn University, and the Aerospace and Innovation Academy in Florida.

“Firefly is dedicated to making space attainable for everyone, including our future 
workforce,” said Shea Ferring, Chief Technology Officer at Firefly Aerospace. “By providing a free 
ride on Alpha, we help kickstart satellite programs and robotics clubs that have a monumental 
impact on students’ career trajectories and our industry at large. Ultimately, our goal is to inspire 
students, allow them to gain hands-on experience, and help them realize that becoming a 
‘rocket scientist’ is achievable with the right mix of grit, creativity, and technical fundamentals.” 
In line with Firefly’s mission to make space for everyone, the DREAM program was established 

in 2019 to encourage students to develop an interest in science, technology, 
engineering, and math (STEM). DREAM eliminates the cost of entry for launch, 
allowing educational institutions to focus on developing and operating 
a small satellite program and training the next generation of aerospace 
engineers. The first round of DREAM payloads flew on Firefly’s Alpha FLTA001 
rocket in 2021. The second round of DREAM payloads selected to fly on Alpha 
rockets as early as 2025 include the following three CubeSats. A fourth DREAM 
payload will be announced at the 4S Symposium in May 2024.  

• �University of Illinois’ DarkNESS CubeSat will look for a dark matter decay signature in the 
form of 3.5 keV X-rays emanating from the black hole at the center of the Milky Way. Using 
cryogenically cooled Skipper Charged-Coupled Devices developed by Fermilab, a student-
led team within the university’s Laboratory for Advanced Space Systems at Illinois (LASSI) is 
working to complete a critical design review for the satellite this summer. According to LASSI’s 
Director, Dr. Michael Lembeck, “the satellite will be the first to search for the source of dark 
matter using this novel technology for X-ray astronomy observations in low earth orbit.”

• �Aerospace and Innovation Academy’s WolfSat-1 CubeSat will test the viability of the Ideonella 
sakaiensis bacteria on orbit and assess its ability to degrade polyethylene terephthalate, a 
major component of single-use plastics. This demonstration aims to enable an efficient waste 
recycling system for prolonged crewed missions and minimize the risk of plastic pollution 
on future lunar and Martian colonies. Overseen by the Aerospace and Innovation Academy, 
the Wolfpack CubeSat Development Team is a nonprofit organization that prepares 11- to 
18-year-old students to design, build, test, and fly CubeSats before graduating high school. 
The students will develop the WolfSat-1 payload, integrated on a NearSpace satellite bus, with 
assistance from Florida Institute of Technology and students at the University of Florida.

• �Auburn University’s ASTRA-ETHERA CubeSat will demonstrate a compact, low-cost 
electrodynamic tether to enable satellite deorbiting within five years of mission completion. 
The deployable device utilizes the plasma surrounding Earth in addition to the Earth’s 
magnetic field to induce a force on the tether, reducing the lifetime of spacecraft in orbit 
from decades to a few years. This approach will allow satellites to operate in higher orbital 
altitudes and meet deorbiting compliance regulations. Dozens of students ranging from 
freshmen to graduate students within the university’s Small Satellite Program will support 
payload development, testing, and mission operations.

“Firefly’s DREAM program offers a unique real-world educational experience for smallsat 
development, surpassing simulated missions,” said Michael Fogle Jr., Professor of Physics at 
Auburn University. “With tangible deadlines and the excitement of contributing to orbit-bound 
projects, students gain vital project management and engineering skills essential for the 
expanding space industry.”

P reparations are underway for a new, small spacecraft technology demonstration 
that will test cost-efficient swarm capabilities – the ability for multiple spacecraft 
to communicate and perform coordinated actions. The PY4 mission’s four 

CubeSats are slated to launch Monday March 4, 2:05 p.m. PST to low Earth orbit aboard 
SpaceX’s Transporter-10 mission from Vandenberg Space Force Base in California.

Led by Carnegie Mellon University in Pittsburgh and funded by NASA’s Small Spacecraft 
Technology program, PY4 seeks to demonstrate spacecraft-to-spacecraft ranging, in-
orbit navigation, and coordinated simultaneous multi-point radiation measurements 
at low size, weight, power, and cost. It uses a unique avionics platform called PyCubed 
that integrates power, computing, communications, attitude determination, and 
orbit control functionalities into a single board system. The PyCubed system is also 
open-source, programmable entirely in the Python programming language and uses 
affordable commercial off-the-shelf components.

Once in orbit at over 325 miles above Earth, the spacecraft will periodically measure 
their relative distances. These range measurements provide information about the 
spacecrafts’ positions relative to each other, and when combined with other sensor 
data, can be used to determine the configuration of the swarm. Advancing these 
capabilities could decrease the workload for operators on the ground while enabling 
multi-spacecraft missions at an accessible price point. The PY4 platform was previously 
used in demonstrations of the V-R3x technology, both in orbit and in a suborbital flight 
test on a commercial high-altitude balloon with NASA’s Flight Opportunities program. 
Those initial tests helped researchers evaluate PY4’s functionality ahead of this larger 
demonstration mission.

In addition to the PY4 demonstration, NASA is also testing critical swarming 
technologies via the agency’s ongoing Starling mission that launched in 2023. PY4 
could dramatically reduce the cost of small spacecraft swarming capabilities and make 
demonstrating technologies like the autonomous navigation system tested via Starling 
more widely accessible by offering a flight-ready hardware and software platform.

In the top image, engineers at NASA’s Ames Research Center in California’s Silicon 
Valley insert the mission’s four spacecraft into their dispenser supplied by Maverick 
Space Systems of San Luis Obispo, California in preparation for vibration testing.  Each of 
the one-and-a-half-unit (1.5U) CubeSats measure about 4 inches x 4 inches x 6.5 inches. 
The spacecraft were later transported to SpaceX for integration on the Falcon 9 rocket 
in preparation for launch.

PY4 is led by the Robotic Exploration Laboratory at Carnegie Mellon University with 
funding from the Small Spacecraft Technology program at NASA’s Ames. The Small 
Spacecraft Technology program expands the ability to execute unique missions through 
rapid development and demonstration of capabilities for small spacecraft applicable 
to exploration, science and the commercial space sector. Engineers at NASA Ames 
supporting the Small Spacecraft Technology program aided the assembly, testing, and 
integration of the four PY4 spacecraft as well as their delivery to Maverick Space Systems 
– the PY4 mission’s launch integrator.
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Introduction
Internet is a very common familiar that has 
developed into a necessity our life. Humankind 
is progressing from physical to virtual world, 
making life much easier, more convenient and 
with added comfort than before. Unconnected 
life is pretty hard to envisage these days. 
Internet of Things (IoT) is similarly bringing 
the transformation in the manner in which we 
use our devices and more significantly handle 
our day to day activities. The devices are also 
becoming smarter and more communicative 
with each other.

Military conflicts have substantially been 
anticipated by issues of different magnitudes 
which have historically incited hostilities. 
Protection of resources and assets, financial 
inequalities, socio political opinion 
variances, and pursuit of power and 
influence are major reasons for a 
military conflict. However, the ways 
in which conflict is waged will change 
with the incoming of new emerging 
technologies and doctrines. The 
combination and collaboration of 
enhanced sensors, automation, robotics, 
and Artificial Intelligence (AI) with other 
advanced technological progressions 
will yield more precise, faster, longer 
range, and more destructive 
weapons. As a result, the 
future of battlefields is going 

to witness considerable change in perspective 
and transformation. Present day’s surveillance 
systems teamed with Modern Mass Surveillance 

have the ability to detect and identify 
activities at the initial stage and therefore, give 
adequate time to the affected country to react.

The Internet of Military Things (IoMT)  
is going to revolutionise military warfare.  
In the future, wars will be fought in  
systematic and efficient war rooms with  
non-contact and non-kinetic modes of 
warfare will further expand the battlefield 
spatially and temporally. 

In such scenarios, the concept and 
implementation of smart warfare in 

terms of Internet of Battlefield Things 
(IoBT), assume more significance and 
importance. IoBT is already becoming 
reality, but with passage of the 

present decade, it is expected 
to develop and perform with 
a dominant and leading 

existence in warfare.

Concept
The cognizance and responsiveness of the 
environment, when realistically applied to the 
battlefield, conveys the concept of the IoMT which 
further grows to become the IoBT. IoMT is a derivative 
of two technological expansions i.e. Networked 
Communication and Machine Learning. The capabilities 
will include aggregation and processing information, 
organising information, generating actionable 
intelligence, and undertaking coordinated activity to 
degrade the war competence of the adversary. The 
same will be achieved by recurrently collaborating, 
communicating, coordinating, collating, planning, and 
executing the activities jointly.

The battlefield of the future will be based more on 
a relationship with technology construed by a variety 
of entities. A great share of automated systems 
would bring ‘Things’, some intelligent and some only 
marginally. The dimensions of their work would be 
performed on a wide variety of tasks like remote 
sensing, interacting, collaborating, and interacting 

through each other and human combatants. They 
will encompass devices, ammunitions, vehicles, 
weapons, and human wearable devices. Their abilities 
will consist of specialised acquisition and processing 
of information, analysing, coordinating defensive 
actions, and releasing diversified dominating acts 
on the adversary. Autonomous Intelligent and Multi-
Agent Technology will be carried out collaboratively, 
with continuous coordination, joint planning, and 
execution of their activities. In finer functionalities, 
they will be the IoBT.

Complimentary AI and IoT
IoT is transforming to become the foundation of 
technology for all automation concepts. It would 
comprise of sensors, connectivity, data processing, 
and a user interface. Militaries are modifying their 
Command and Control (C2) structure are also 
upgrading to include supercomputers, networking, 
and internet technology. Smart devices and systems 
are playing a larger role in the automation of future 

militaries. AI and IoT would act as the new central 
prominence for military manoeuvres.

AI and IoT should be operationalised together to 
cater to the needs of the changing nature of war. At 
the majority level, wherein systems are widespread 
and complex and numerically the devices are more, 
AI would be essential for acquisition, processing, 
collating, and carrying out its requisite analytics. 
This data and statistics belong to a diverse category, 
engendered from various sources, devices, and 
sensors, streamed through varied networks, and for 
various purposes. AI techniques also enable interactive 
multi source evaluation and analysis in a big data 
setting which gives out predictive analysis that goes 
beyond manual capacities.

The AI structure in support of IoT would be 
predominantly beneficial in adapting the processing 
of data and systems progressively. It is formulated by 
selection and tasking of suitable devices, assessing 
their productivity, regulating their operation to 
match the operational conditions and necessities, 

Internet of Things (IoT), Internet of 
Military Things (IoMT) and Internet 
of Battlefield Things (IoBT)

Amandeep Singh
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coordinating communication between devices, 
seamlessly adjusting outputs, and rearranging 
military operations as necessary. Concurrently, military 
convenience and benefit would be achieved with the 
control of all such operations in a technologically and 
operationally coordinated environment.

AI plays a significant and substantial role in IoT 
analytics. An interesting outcome of the expansion 
of AI and IoT is the progress and development of 
‘Ambient Intelligence’, which is completely automated 
environment equipped with AI. In an Ambient 
Intelligence ecosystem, the system functions in 
corroboration to provide sustenance in streamlining 
everyday life activities using data and intelligence 

that is masked in the connected intelligent artefacts 
and becoming a smart ecosystem. Being established 
on an AI and IoT platform, Ambient Intelligence 
would be structured by persistent computing, 
detailed composing, definite structuring, and multi-
layered interface design with detailed perspective. 
A noticeable example is the mobile phones having 
interactive map tracking applications wherein 
one’s traveling routines are tracked to produce best 
traveling results.

AI and IoT integrated battlespace technology 
will empower preserving real time understanding of 
what is happening in the environment thus leading 
to improved decision making on the basis of accurate 
data analysis. Military operations are fast operational 
and tactical shifts in battlespace environments and a 
huge number of entities, demands shorter response 
times. AI and IoT would empower the decision makers 
to perceive an integrated combat picture, alongwith 
surrounding elements and other environmental 
factors. It further enables to emphasis on high priority 

areas and anticipate near realistic situations.

IoBT
In the future, military operations will largely be based 
interconnected technology, leveraging advances in 
embedded systems and machine intelligence in order 
to achieve superior defence capabilities. The IoBT will 
connect soldiers with smart technology resulting in 
shortening the latency of decision cycles and improve 
the resiliency of tactical battlefield analytics.

In the future, military operations will largely be 
based on interconnected technology, leveraging 
advances in embedded systems and machine 
intelligence in order to achieve superior defence 

capabilities. The IoBT will connect soldiers with smart 
technology resulting in shortening the latency of 
decision cycles and improve the resiliency of tactical 
battle field analytics. Considerable levels of interaction 
with technology requires passive engagement. IoMT is 
an enabler that will develop the acquisition, processing, 
analysis, and flow of intelligence, and thereby support 
decision making, as well as reinforcing a more 
intelligent interface between humans and networks in 
a progressively dynamic battlespace.

Progressive militaries have been investing in 
Command, Control, Communications, Computers, 
Intelligence, Surveillance and, Reconnaissance (C4ISR) 
systems and infrastructure in order to provide decision 
makers the scope to comprehend events, and carryout 
predictive analysis. IoMT aims to take the process of 
C4ISR to an advanced level by improved augmentation 
for increasing usage of and management of larger 
capacities of data.

The present day battlefield is technically very 
innovative and dynamic. The progression of drone 

technology and high altitude platforms have 
introduced new changes in the existing concepts of 
warfare. The available contemporary technology is 
affordable, adaptable, and easily trainable and has 
the ability to cause large scale destruction when 
used in adequate numbers. The future of military 
combat would be based on IoT interconnected with 
combat fatigues secure with biometric wears to 
help combatants identify the adversary, improved 
performance during combat, and access devices 
and weapon systems using faster and superior 
computation.

Similar technical progressions in fields of 
communication, electronic warfare, and autonomous 
systems will overwhelm the soldier on the ground. 
IoMT and IoBT are a robust and superior architecture 
that uses biometrics, sensors, and other associated 
interconnected devices to guide the data swiftly. It 
further permits a combatant to reply to potentially 
hazardous conditions and surroundings of the combat 
zone. Therefore, it is necessary for a combatant to have 
additional sensory insights, which would be provided 
by adjusting the concept of IoT to the battlefield 
sensor, devices, and equipment. These entities will 
have to be continually interrelating with each other 
and human soldiers will include weapon systems, 
munitions, battlefield sensors, and human wearable 
devices.

Challenges : IoBT Application
The challenges in the application of IoBT are enormous 
in terms of technology, logistics, and security. The 
primary requirements are stable communication 
infrastructure and its requisite seamless architecture 
which must be adaptive to the changing battlefield 
dynamics. The specialised device management of the 
system, as a cohesive strategy, will involve policy driven 
configuration enforcement, organising, deploying, 
and operating a large number of latency sensitive 
edge architectures, to achieve dynamic mission 
imperatives. This massive task necessitates detailed 
examination. The system has to be construed and built 
to autonomously progress with the battlefield with 
smarter and more adaptive intelligence.

The absolute number of technologically 
progressive equipment sensors and devices that 
possesses intelligent physical sensing capabilities 
will overwhelm the combatant on the ground. In 
addition to the battlefield conditions, soldier will be 
under immense stress both physically and mentally 
due to limited knowledge of technological handling 
of smart entities. IoBT is required to be structured 
and designed to moderate the stress originating 
due to the management of the entities. Therefore, 
IoBT as a branch of the Internet of Things connects 
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soldiers with smart technology to provide them with 
superior understanding of the battlefield situation. 
Actionable intelligence is information that can be 
used to make decisions and take action. IoBT provides 
combatants with actionable intelligence by collecting 
and processing information from a variety of sources, 
including sensors, cameras, and other devices. This 
information can be used to track enemy movements, 
identify targets, and assess the overall situation on 
the battlefield. IoBT act to assist the combatant in the 
creation of sense making information by providing 
actionable intelligence and further creating options 
for offensive or defensive arrangements. The primary 
objective to be achieved is to assist humans with 
optimal sense making information during the fog of 
war. The said objective is to be achieved while taking 
due consideration of the social, cognitive, and physical 
needs of the combatant. The system will have to get 
involved in the holistic picture of the battlefield and 
options for management and shaping it at all levels i.e. 
tactical, operational and, the strategic.

Communication and its requisite 
infrastructure are the most significant and 
most vulnerable component part of any 
system. The system will involve the usage 
of commercial communication systems 
which will be susceptible to shutdowns, 
interruptions, and also bandwidth traffic 
other than military, which may result 
in a delay in the communication. The 
adversary’s impact on the communications 
will always remain a potent target for the 
fatal hit on the IoBT. Adversaries will always 
attempt to achieve the goal of shutting down 
the system or disrupt the communication or 
more dangerously take control of the system. The 
systems can be made defective by using kinetic 
actions, directed energy attacks, electronic attacks, 
or by jamming the transmission. The adversary takes 
recourse to spying, causing sabotage or inserting 
bugs into the system. The adversary can also use 
information warfare tactics to carry out psychological 
warfare, spread misinformation to mislead the 
combatant by using deceptive measures.

Absorbing the technology is the operational 
scheme for the soldier which significantly varies from 
learning the technology. Superior devices and systems 
will connect with the combatant on the battle zone and 
reaction by the soldier to such a data overflow would 
be critical to successful military operations. Therefore, 
the challenge will be to disseminate the information 
to the combatant in the format he comprehends, 
appreciate and make it actionable.

Once the acquisition and processing issue are 
resolved, the challenge that remain is the collection, 

management, and collation of the assembled data. 
The effective management of sensor networks in 
surveillance centres during a hostile environment 
signifies a true challenge that requires requisite 
solutions. Future efforts in this sphere to provide the 
IoBT will, in particular, have to emphasis on availability 
of secure connections through network structuring 
and fusion of varied devices and sensors in order to 
bring upon intelligent warfare promoting battlefield 
situational awareness.

IoBT is likely to integrate a large number of 
devices and multiple communication networks 
and transmission systems to work together in a 
coordinated manner. It may also need to incorporate 
the existing commercial and non-military systems, 

sensors, and devices for common military advantages. 
The quantum of nodes required by IoBT will increase 
manifold. The systems will be on massive platforms 
and extremely diverse in nature and will therefore 
require intricate integration procedures and 
algorithms.

The sensing and computing based devices are 
fitted in the combat gear, systems, and associated 
equipment of the combatant. Such technologically 
equipped proficiency with a variation of static and 
dynamic biometrics is also capable of acquiring 
operational data like locations of enemy formations, 
impending threats, and the resources available. The 
data after the acquisition and processing is analysed 
to give out predictive intelligence, advanced into 

actionable intelligence which must result in a concrete 
actionable plan.

The Modern Military Warfare
IoBT is an effective arrangement that has the ability 
to make the combatant battle ready by equipping 
and preparing him with additional sensory perception 
coupled with aesthetic awareness. The overall 
expanse of information collected by extensive 
entities on internet connected devices positioned and 
arranged on the imminent battlefield probably makes 
the difference in relation to judiciously advantageous 
position. Despite the fact that technological growth 
has been included in all facets of the military domain, 
extensive work is necessitated to evolve a powerful 
and effective structure. Network based nerve centre 
has now developed into an effective mantra of 
successful military operations.

Internet of Things (IoT) would act as a foundation 
for the amalgamation of all entities involved in 

military operations and the integration of their 
respective outputs. IoT would play an equal role 

and its applicability to offensive and defensive 
operational strategies. The Space component 

would act as a crucial component 
for communication, navigation, and 
surveillance and is critical for supporting 
data connectivity and sustainability for 
IoT. AI would surely be one of the decisive 
elements of the military structures 

irrespective of its utilisation for land, air, 
and sea. Cost effective AI technology, like 

drones, would have high operational demand 
for getting the efficiency and increased positive 

productivity in comparison to cost involved.
These systems and weapons would become part 

and parcel of the military operational architecture 
which would be integrated through IoT.

The potential of a prominent and influential 
technological advancement and the requisite security 
architecture, which are in practice developing IoT 
in the civil domain, would form the background for 
the military IoT. It would reform modern military 
operations and offer advantages like as available 
for the industry, however, the military sphere of 
IoT will have its own peculiarities and challenges. 
The foremost strategic necessities require time to 
adjust to technological upgradations owing to their 
varied indicators and frequent changes. Success in 
future military manoeuvres would depend upon 
the architecture and the mission critical scenarios. 
Moreover, effective integration of IoT systems and 
converging them with operational technology and 
acclimatize, blend, and operate the same in a single 
uniform environment.

SPECIAL FEATURE



May-June 2024 «  « 17

Cyberattacks, independent from kinetic action, are 
increasingly common and effective implementation 
could provide strategic value. Moreover, cyberattacks 
possibly can threaten the stability of the battlespaces. 
Therefore, militaries would have to upgrade their 
proficiency and skills while employing progressive 
structures and not shedding their conventional 
warfighting skills at the same time. However, 
competence and expertise of combatants in 
technology may not be difficult for implementation 
purposes, as modern technology and requisite 
knowhow has developed on common understanding 
platform making the technical consciousness and 
understandings significantly better. Also, the younger 
generation is more comfortable with technology as 
they are digital natives.

Technologically leading nations have formally 
accredited the incorporation of AI in future military 
operations and are pursuing the AI advantage. 
Further, AI is playing a major part in determining any 
country’s wider social, economic, political, and military 
policies and also projected plan for the progress of 
AI supported warfare structures. As AI has grown by 
leaps and bounds, the US leads in the research on 

progressing AI systems, however, China and Russia are 
also making their way in a near similar speed. Many 
other nations have made considerable developments 
in the field of AI as new discoveries and understanding 
of AI capabilities are ever evolving. Military IoT is being 
advanced on an equal footing by the powers so as 
to realise the full advantages of AI. Military forces 
are increasingly focusing on the use of AI in military 
to enable faster decision making and shorten the 
sensor to shooter loop. The militaries are growing in 
the direction of more integrated formats and setups 
for its operations where IoT will gain more prominence 
and can be effectively used for preparing for potential 
conflicts. There are teething problems of coordination, 
connecting and combinative progressions, and 
accompanied by heterogeneous IoT devices. However, 
as data sharing protocols and procedures are getting 
mature, the integration and coherent functioning of 
the devices and systems will grow.

AI and AI enabled autonomous capabilities are 
essential and crucial for military modernisation. 
The newer advanced technologies and systems can 
effectively and efficiently substitute combatants to 
undertake most dangerous responsibilities on the 

battlefield thereby increasing the range of the force’s 
capabilities enormously. It is pertinent to understand 
that as the threat changes, one must change the 
strategies, remain clear of the capabilities to retire, 
and ones to be adopted with futuristic vision and 
aim. With the advent of technology, it is perceived 
that AI and IoT shall restrict the militaries numerically 
and introduce the idea for downsizing making large 
manned militaries futile. Lead nations has already 
declared downsizing of army with compensations 
from technology. Similar reduction and rationalising 
of conventional formats and forces can be predicted 
for all major military powers in the coming decade. 
This would most likely introduce rebalancing of power 
equations amongst adversaries and a greater.

Degree of transparency introduced by the IoT and 
its requisite systems. Such transparency would give all 
reasons to increase stability in the region and reduce 
military hostilities.

Conclusion
The current social and military drifts and increased 
degree of progression of technologies with 
development in AI and IoT are revolutionary 
progressive actions in the military structures. Such 
growth would lead to a fundamental revolution 
and introduce strategies and military operations 
determined by AI and IoT. Developments are 
indicative and evident that the military systems 
are adaptive to the intelligent and autonomous 
components and major transformations are a 
definitive aggregator in the coming decade. The 
IoT, IoMT & IoBT would be significant facilitators for 
future AI structured military actions and operations. 
Hence, transformation is inevitable.

IoT is progressively converting as a routine 
phenomenon in the world where it has started to 
optimise, streamline, and systematise things. It is 
projected to enter and grow in all the segments for 
society in about a decade’s time. It is predictable to 
an extent that every key device shall be effective 
and running through IoT. IoT would not even be 
perceived working silently by common users and 
dissolve as a hidden facility, like electrical energy 
in modern times.

Amandeep Singh is a serving Indian Army Officer with distinctive cross-domain expertise who has contributed in the field 
of Space ISR. He opted to take the unchartered route of Space ISR for military operations and attained qualifications as 
Degree in Law, a Degree in Air and Space Law, an MBA in Finance, and is presently pursuing his PhD in Space Economy 

Augmenting Military Affectiveness from LPU, Punjab. He has been trained at military and scientific institutions on varied 
Space domains in conjunction with the IoT. He has contributed through his articles on the specialised strategic subject in 

varied journals and magazines. He has also been invited as a speaker at various pan India international level seminars and 
at military institutions. He promotes the practical application of technology and its military effectiveness for educating, 

training and preparing Space Warriors for superior spatial capabilities that strengthen the Nation’s way of life.
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Gaia Unravels the Ancient 
Threads of the Milky Way

ESA’s Gaia space telescope has further disentangled 
the history of our galaxy, discovering two surprising 
streams of stars that formed and wove together 

over 12 billion years ago. The two streams, named Shakti 
and Shiva, helped form the infant Milky Way. Both are so 
ancient they likely formed before even the oldest parts 
of our present-day galaxy’s spiral arms and disc.

“What’s truly amazing is that we can detect these 
ancient structures at all,” says Khyati Malhan of the Max 
Planck Institute for Astronomy (MPIA) in Heidelberg, 
Germany, who led the research. “The Milky Way has 
changed so significantly since these stars were born 
that we wouldn’t expect to recognise them so clearly 
as a group – but the unprecedented data we’re getting 
from Gaia made it possible.”

Using Gaia observations, the researchers were able 
to determine the orbits of individual stars in the Milky 
Way, along with their content and composition. “When 
we visualised the orbits of all these stars, two new 
structures stood out from the rest among stars of a 
certain chemical composition,” adds Khyati. “We named 
them Shakti and Shiva.”
Truly ancient fragments
Each stream contains the mass of about 10 million 
Suns, with stars of 12 to 13 billion years in age all moving 
in very similar orbits with similar compositions. The 
way they’re distributed suggests that they may have 

formed as distinct fragments that merged with the 
Milky Way early in its life.

Both streams lie towards the Milky Way’s heart. Gaia 
explored this part of the Milky Way in 2022 using a kind of 
‘galactic archaeology’; this showed the region to be filled 
with the oldest stars in the entire galaxy, all born before 
the disc of the Milky Way had even properly formed.

“The stars there are so ancient that they lack 
many of the heavier metal elements created later in 
the Universe’s lifetime. These heavy metals are those 
forged within stars and scattered through space when 
they die. The stars in our galaxy’s heart are metal-poor, 
so we dubbed this region the Milky Way’s ‘poor old 
heart’,” says co-author Hans-Walter Rix, also of MPIA and 
the lead ‘galactic archaeologist’ from the 2022 work.

“Until now, we had only recognised these very early 
fragments that came together to form the Milky Way’s 
ancient heart. With Shakti and Shiva, we now see the 
first pieces that seem comparably old but located 
further out. These signify the first steps of our galaxy's 
growth towards its present size.”
A complex family tree
While very similar, the two streams are not identical. 
Shakti stars orbit a little further from the Milky Way’s 
centre and in more circular orbits than Shiva stars. 
Fittingly, the streams are named after a divine couple 
from Hindu philosophy who unite to create the 

Universe (or macrocosm).
Some 12 billion years ago, the Milky Way looked very 

different to the orderly spiral we see today. We think that 
our galaxy formed as multiple long, irregular filaments of 
gas and dust coalesced, all forming stars and wrapping 
together to spark the birth of our galaxy as we know it. It 
seems that Shaki and Shiva are two of these components 
– and future Gaia data releases may reveal more.

Khyati and Hans-Walter also built a dynamical map 
of other known components that have played a role in 
our galaxy’s formation and were discovered using Gaia 
data. These include Gaia-Sausage-Enceladus, LMS1/
Wukong, Arjuna/Sequoia/I’itoi, and Pontus. These star 
groups all form part of the Milky Way’s complex family 
tree, something that Gaia has worked to build over the 
past decade.

“Revealing more about our galaxy’s infancy is one 
of Gaia’s goals, and it’s certainly achieving it,” says 
Timo Prusti, Project Scientist for Gaia at ESA. “We need 
to pinpoint the subtle yet crucial differences between 
stars in the Milky Way to understand how our galaxy 
formed and evolved. This requires incredibly precise 
data – and now, thanks to Gaia, we have that data. As 
we discover surprise parts of our galaxy like the Shiva 
and Shakti streams, we’re filling the gaps and painting 
a fuller picture of not only our current home, but our 
earliest cosmic history.”
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INTERVIEW

 Can you talk about the early years of 
investment challenges for Dhruva 

Space and the general private Space sector? 
What were the challenges and what helped 
resolve these challenges? 

 Abhay Egoor, CTO: “Before the 
privatisation of the Space sector, there 

was no market, no regulatory framework nor 
was there a risk appetite in investors to foray 
into the field. But as the Government has 
vocalised and shown support for the private 
players in recent years, we observed the 
vitalisation of the private Space sector – very 
important, considering there are many satellite 
requirements globally. Now we see policy 
discussions and actions moving ahead, 
regulatory frameworks being established, 
increased market access, and investors taking 
a leap into the sector!”  

 With your recent closure of Series A 
funding at INR 123 Crores, what are 

some of the long-term plans? How do you 
plan to utilise these funds? 

 
Sanjay Nekkanti, CEO: “With the 

financing from the Series A round, 
Dhruva Space is well-positioned to fund 

Spacepreneur 
Editor Kartikeya In 
conversation with 

Founding Members of

ongoing business operations and 
commercialisation efforts as the company 
kicks off development of the first phase – 
around 1.2 lakh square-feet – of the 2.8 lakh 
square-foot spacecraft manufacturing facility, 
strategically located in Shamshabad, 
Telangana.
One of the crucial first phases of this facility 
will be for the design, engineering, assembly, 
integration and testing of Spacecraft Solar 
Arrays for manned and unmanned Space 
programs. One of our core capabilities has 
been to supply Space power solutions to even 
large satellites, and this funding is timed well 
to scale our capabilities where we have seen 
traction not just in India but also overseas. 
We shall also be continuing with bespoke 

mission offerings as part of our Launching 
Expeditions for Aspiring Payloads (LEAP) 
series of hosted payload missions for the 
global market – the first mission being LEAP-1 
slated for launch in the June to September 
2024 window, followed by another 3 missions 
planned between January and June 2025. 
The funding will also be instrumental 
in supporting the industrialisation and 
manufacturing of Dhruva Space’s full-stack 
products, enabling significant team growth, 
increased development of capability and 
infrastructure, and fueling greater scoping on 
international expansion of our business.”

 Can you elaborate on the venture 
debt funding from SIDBI and TDB? How 

do you see this bolstering support for 
NewSpace companies like Dhruva Space? 

 
Chaitanya Dora, CFO: “What excites 

me the most is the newfound 
availability of debt financing for a lean Space 
venture like ours. It is important to maintain a 
combination of debt and equity for long term 
success but debt is relatively hard to raise for 
startups. So, we are very thankful to the Small 
Industries Development Bank of India (SIDBI) 
and the Technology Development Board (TDB) 
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for their financial support. The additional perk 
of working directly with these organisations is 
a significant boost to our credibility. We are 
also in discussions with the Export-Import Bank 
of India (EXIM Bank) for further debt assistance. 
The understanding and support extended by 
EXIM Bank have been exemplary, 
demonstrating a strong commitment to 
fostering growth in startups. Backing from 
these esteemed institutions is acting as a 
great catalyst for expansion of Dhruva Space as 
well as the entire private Space sector in the 
coming years.”

 There is a lot of focus on taking 
indigenous Space products to the 

global market. What products are Dhruva 
Space seeing traction in and what is the 
market like for this? 

 
Sanjay Nekkanti, CEO: “Our focus over 

the last five years has been to get our 
foundation on Space, Launch and Ground 
segments right. In the last 24 months, we have 

sent 8 payloads to space over 4 PSLV launches. 
In fact in June 2024, our Thybolt-1 and Thybolt-2 
satellites have deorbited after 15,000 orbits, 
marking a conclusion to the Thybolt Mission. 
And we have many more Space missions in our 
pipeline! Dhruva Space has also leveraged an 
ecosystem of about 800-plus Space-vetted 
vendors, and we live by the philosophy of not 
re-inventing things that already exist, but to 
engage in collaboration. 

One of our biggest challenges has been to 
manufacture or produce Space missions in 
big numbers, and to address this access to 
a large assembly, integration and testing 
(AIT) infrastructure becomes crucial. We are 

continuing to invest in partnerships that will 
allow us to produce critical components/
technologies at scale with specific focus on 
reliability, cost, and turnaround times. 

Largely, on the Space segment we would be 
building partnerships with companies that are 
building high-performance payloads in Electro-
Optics, Radars, and Telecommunications. 
We are seeing great interest in our flagship 
nanosatellite platform called the P-30 which 
will soon fly a hosted payload mission, LEAP-1, 
later this year. On the Launch segment, we 
would see some of our platforms fly on other 
launch vehicles from India and overseas. 
We will be expanding our footprint also 
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on the Ground segment to offer solutions 
for telemetry, telecommand, payload data 
downlink, and gateway stations involving large 
parabolic reflectors.”

 What are some of your key pieces of 
advice to entrepreneurs facing 

challenges in securing investments for their 
startups? 

 
Sanjay Nekkanti, CEO: “I believe that 

entrepreneurs should identify 
opportunities, innovate, adapt to changing 
market conditions, as well as build and lead 
their teams towards achieving their goals. 
While staying in-the-know about the market 

and keeping your finger on the pulse of the 
investment landscape are critical, it is also 
extremely important to remain persistent in 
your resolve to realise your business goals.”

 Fundraising for Space-tech 
companies revolves around real-world 

problems and colossal long-term solutions; 
what is your perspective on securing 
investments for big picture issues? 

 
Sanjay Nekkanti, CEO: “Satellite 

technologies can impact our lives in 
a very big way, as the world sees increased 
demand for satellite-enabled services. For 
example, satellites are important in aiding 

farmers understand crop yield patterns, 
helping traders invest wisely, and providing 
insights to national security agencies. I 
observe that, near term, space as an 
investment theme is also likely to impact a 
number of industries beyond Aerospace & 
Defense. I observe the potential for 
innovative Space applications is immense, 
especially if established aerospace 
companies form partnerships with 
businesses that traditionally haven’t 
ventured into orbit, e.g. pharmaceutical, 
agriculture, etc companies. Satellites already 
play a vital role in the communications of 
everyone’s quotidian lives, so the imminent 
growth will enhance this role.” 
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Benchmark Electric Propulsion 
Thrusters on Orbit and Poised for 1st Fire
B enchmark Space Systems, the leading 

developer and provider of in-space 
mobility solutions announced its next-

gen Xantus™ electric propulsion system 
has successfully deployed and will undergo 
subsystem health check and operational 
verification, including a range of firing modes 
aboard mission prime Orion Space Solutions’ 
12U cubesat in low Earth orbit. Benchmark’s first 
electric propulsion system in space, launched 
aboard the SpaceX Transporter-10 rideshare 
mission, is tasked with end-to-end mission 
operations for Orion Space Solutions’ satellite 
as it supports the demonstration of cloud and 
weather data mapping for potential future 
military operations. Once the mission objectives 
are met, the Xantus metal plasma thrusters will 
be used to deorbit the spacecraft, a critical 
capability for regulatory compliance and the 
sustainability of LEO infrastructure.

Based on the early mission milestone, 
Benchmark is greenlighting shipments of 
dozens of Xantus MPTs to meet the pent-
up demand for proven electric and hybrid 
propulsion systems among commercial and 
government operations. Of the 50-plus Xantus 
EP thrusters being shipped this year, Orion has 
baselined units in upcoming missions, and at 
least ten will go to UK-based In-Space Missions, 
a wholly owned subsidiary of BAE Systems plc, 
among several small satellite builders and 
operators that are integrating Xantus MPTs into 
electric and hybrid propulsion configurations 
for upcoming missions.

Multiple satellite and mission operators 
that need to go fast, station keep, and make 
precision maneuvers in space, are evaluating 
Benchmark’s hybrid duo of Xantus EP thrusters 
and Halcyon non-toxic chemical propulsion 
systems, which unlock expanded dynamic 
operations for 12U to ~200kg spacecraft that 
are often limited by a single technology, 
compromising mission capability and value. 
The production Xantus metal plasma thrusters 
are baselined to run on the metal molybdenum, 
which offers the best combination of properties 
and efficient thrust generation among a variety 
of metal propellants tested in trials (also copper, 
stainless steel, aluminum, and magnesium). The 

MPTs are designed to ultimately run on metals 
that can be harvested in space, including spent 
space vehicle materials and orbital debris.

“The Benchmark team is thrilled that our 
Xantus electric propulsion system and metal 
plasma thrusters are supporting this important 
mission for Orion Space and the US Government,” 
said Chris Carella, Chief Commercial Officer for 
Benchmark Space Systems. “Our government 
and commercial mission partners around the 
world have closely followed this historic first, as 
our Xantus metal plasma thrusters demonstrate 
their capabilities in space. Our partners have 
been preparing for space with our software 

and engineering development units (SDUs/
EDUs), and they’re excited to soon be receiving 
shipments of flight units to close on their own 
missions in the months ahead.”

Early operations and telemetry will be used 
to validate the Xantus EP system’s thrust across 
several power levels and other key capabilities, 
which boost mission readiness and assurance 
levels realized during third-party testing at 
NASA’s Glenn Research Center in Ohio and 
at Benchmark’s Research and Development 
facility in Pleasanton, California.

“Our Xantus MPTs are designed to provide 
optimal station keeping for most cubesats, 

microsats in the range of 5 to 250 kilograms, and 
precision operations for ESPA-class satellites 
from 250 to 1000 kilograms. That’s a wide 
sweet spot, and we look forward to enabling 
dozens of upcoming missions to fly using what 
promises to be an extremely valuable electric 
propulsion tool in LEO, MEO, and GEO,” explained 
Kent Frankovich, Benchmark’s Vice President 
of Electric Propulsion, who is leading the 
company’s metal plasma thruster development.

The milestone debut of Benchmark’s 
electric propulsion system in space comes 
less than eighteen months after the 
company acquired the metal plasma thruster 

technology from Alameda Applied Sciences 
Corporation and follows a previous mission 
launch in January 2023 that did not deploy. 
The Xantus electric propulsion system, with 
its innovative MPTs, is one key element of 
Benchmark’s full in-space mobility strategy 
and market-leading lineup of propulsion 
systems and solutions. The company offers 
electric, green chemical, and hybrid platforms 
designed to provide speed, endurance, 
precision maneuvering, and deorbit 
capabilities to meet the fast-growing demand 
for dynamic and sustainable space operations 
across multiple orbits and mission profiles.

GLOBAL NEWS
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Sierra Space Dream  
Chaser Spaceplane 
Successfully Completes 1st 
Phase of Pre-Flight Testing

Viasat and Rocket Lab 
Partner to Showcase On-
Demand, Low-Latency Data 
Relay Services for LEO 

Sierra Space, a leading commercial space company and emerging defense tech 
prime building a platform in space to benefit and protect life on Earth, announced 
the successful completion of the initial phase of environmental testing on the 

revolutionary Dream Chaser® spaceplane, Tenacity®, at NASA’s Neil Armstrong Test 
Facility in Sandusky, Ohio.

Over the past month, the Sierra Space Dream Chaser and its cargo companion, 
Shooting Star™, underwent rigorous vibration testing while stacked in launch 
configuration inside the Mechanical Vibration Facility at the NASA complex. In readiness 
for launch from Kennedy Space Center, the tests exposed the vehicles to the intense 
conditions of launch vibrations using the world’s most powerful spacecraft shaker table. 
See video here.

“We are coming out of years of development, years of hard work and years of 
resolving tough engineering challenges that come from revolutionary new ways of 
doing things,” said Sierra Space CEO Tom Vice. “This phase of development illustrates 
how Dream Chaser and the Shooting Star cargo module will handle the mechanical 

rigors of launch. This is the year that we transition from 
development and enter orbital operations – it is the 
year that changes how we connect space and earth.”

“Completion of vibration testing of the vehicles 
in the launch configuration is a huge milestone for 
Sierra Space and the Dream Chaser program,” said Jake 
Ingram, Director of Programs for Dream Chaser DC-100. 
“We successfully applied the environment specified by 
the launch provider, validated primary structure modal 
responses and verified vehicle functionality before and 
after the vibration test sequence.”

Key accomplishments in this first critical phase 
of pre-flight testing included: the completion of Sine 
Vibration Testing (in all three axes or directions), a 
Separation Shock Test that simulates the separation 
of the Dream Chaser from Shooting Star and a test that 
involved deploying the spaceplane’s wings. These tests 

evaluated Dream Chaser’s performance under the stresses of launch, operation in orbit 
and ability to communicate with the International Space Station (ISS).

‘Joint Test #3’, a critical phase in the testing process, represented an integrated 
assessment of the completed system in a flight-like configuration. After its ride to space 
atop United Launch Alliance’s Vulcan Centaur rocket, Dream Chaser separates from the 
rocket fairing, deploys its wings from a folded position and flies semi-autonomously to 
the International Space Station. Joint Test #3 was a comprehensive evaluation focused 
on the software interface between the vehicle and the ISS to ensure the seamless 
functionality of the command and data handling.

Following these critical test phases, the Shooting Star cargo module was de-mated 
from Dream Chaser and transported from the Armstrong Test Facility’s Space Environments 
Complex (SEC) to the nearby In-Space Propulsion (ISP) facility. Soon, Dream Chaser will be 
transported to the ISP facility to join the cargo module, where the two spacecraft will begin 
thermal vacuum testing, a crucial step in the journey towards the launchpad and another 
milestone in Sierra Space’s mission to redefine the future of space commercialization.

V iasat Inc. a global leader in satellite communications announced it selected 
Rocket Lab USA, Inc a leading launch and space systems company, to support 
Viasat's hybrid space communications networks demonstrations by producing a 

spacecraft bus and providing mission operation support. The demonstrations will make 
evident Viasat's portfolio of multi-band, space-based relay communication services in 
support of Low Earth Orbit (LEO) space missions with substantial flexibility in managing 
data, with lower data latency and higher throughput in real time.

The demonstrations are part of Viasat's work across two awards, totaling $80 
million, under NASA's Communications Services Project (CSP), which is evaluating 
commercial satellite communications services and technologies to support NASA near-
Earth communications requirements as it sunsets the Tracking and Data Relay Satellite 
System (TDRSS).

LEO satellites typically require direct line-of-sight to a ground station to 
communicate, introducing significant data latency into the mission operations. 
Viasat's Ka- and L-band relay solutions are designed to address this challenge with 
near real-time, low-data latency communications. The Real-Time Space Relay (RTSR) 
space-qualified Ka-band terminal will use Viasat's high-capacity Ka-band network of 
satellites in geostationary orbit (GEO) to enable LEO operators on-demand access to 
critical mission data. The InCommand system will use Viasat's global L-band network 
to provide real-time telemetry, tracking and command (TT&C) operations at any point in 

the spacecraft's orbit. Rocket Lab will also provide 
a new L-band radio for InCommand called Frontier, 
which will support demonstrations of various TT&C 
applications.

Scheduled to launch in early 2026, the 
demonstration mission will also include direct-to-
ground communications through Viasat's Real-Time 
Earth (RTE) Ground-Station-as-a-Service for S-, X-, and 
Ka-bands. All transports will be integrated through 

Viasat's Integrated Space Access Network (ISAN) to show the benefits of adaptable 
transport, giving LEO operators the ability to access data while balancing network 
availability, cost, and time-sensitive applications.

"We are proud to support NASA with this critically needed real-time space relay 
communications capability and excited about our continuing partnership with Rocket 
Lab to support Viasat's growing space missions portfolio" said Michael Maughan, Vice 
President of Space and Mission Systems, Viasat Government Systems. "From Earth 
observation and scientific missions to supporting defense operations, we designed our 
space relay services to be a highly flexible, cost effective and scalable solution for both 
government and commercial LEO operators to transport data based on application and 
mission needs."

Rocket Lab Vice President of Space Systems, Brad Clevenger, said: "Rocket 
Lab spacecraft are built on configurable, high-performance subsystems based on 
constellation-class manufacturing. By providing a configurable platform that can be 
tailored to suit even the most complex missions, our customers can focus on their 
own novel hardware and services and leave the development and operation of the 
spacecraft to us. We look forward to supporting Viasat on the NASA CSP mission, as it will 
also add responsive satellite communications capabilities to our configurable platform."

GLOBAL NEWS
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Sidus Space LizzieSat Mission Successfully 
Launches from Vandenberg Space Force Base

NASA Continues Artemis Moon 
Rocket Engine Test Series

Ovzon Receives Order of 
$9.7M to Expand European 

SATCOM-as-a-Service

S idus Space a multi-faceted Space and Data-as-a-
Service satellite company announced its LizzieSat™ 
satellite has successfully launched and deployed to 

low Earth orbit as part of SpaceX’s Transporter-10 Rideshare 
mission. Liftoff occurred at 2:05 p.m. PDT from Space 
Launch Complex 4 East at Vandenberg Space Force Base in 
California.

The successful deployment of LizzieSat™ signifies a 
monumental achievement for Sidus Space, marking its 
entrance into the next era of space technology and data 
services. To rewatch the live mission webcast, visit spacex.
com or sidusspace.com.

“We are thrilled to announce the successful launch 
of our first LizzieSat™ satellite,” said Carol Craig, CEO at 
Sidus Space. “This accomplishment is a testament to 
the dedication, expertise, and collaboration of our team. 

N ASA conducted a full-duration RS-25 engine hot fire March 6, continuing a final round 
of certification testing for production of new engines to help power the SLS (Space 
Launch System) rocket on future Artemis missions to the Moon and beyond. The full-

duration test on the Fred Haise Test Stand at NASA’s Stennis Space Center near Bay St. Louis, 
Mississippi, marked the ninth in a scheduled 12-test series. Engineers are collecting test data 
to certify an updated engine production process, using innovative manufacturing techniques, 
for lead engines contractor Aerojet Rocketdyne, an L3Harris Technologies company. During 
the March 6 test, Operators fired the certification engine for 10 minutes (600 seconds), longer 
than the amount of time needed to help launch the SLS rocket and send astronauts aboard 
the Orion spacecraft into orbit. The test team also fired the engine at power levels between 
80% and 113% to test performance in multiple scenarios. Four RS-25 engines, along with a 
pair of solid rocket boosters, launch NASA’s powerful SLS rocket, producing more than 8.8 
million pounds of thrust at liftoff for Artemis missions. Through Artemis, NASA will establish 
the foundation for long-term scientific exploration at the Moon, land the first woman, first 
person of color, and first international partner astronaut on the lunar surface, and prepare for 
human expeditions to Mars for the benefit of all. RS-25 tests at NASA Stennis are conducted 
by a diverse team of operators from NASA, Aerojet Rocketdyne, and Syncom Space Services, 
prime contractor for site facilities and operations.

O vzon has received an 12-month order that represents a significant expansion 
of the company’s integrated SATCOM-as-a-Service offering in Europe. This order 
includes a high-powered Ovzon spot beam powered network and a number of 

Ovzon’s “On-The-Move” mobile satellite terminals. The total order value amounts to 
9.7 MUSD (approximately 99 MSEK). The service will start in the second quarter of 2024.

Ovzon’s SATCOM-as-a-Service offering includes a high performance, resilient 
satellite network, and both “On-The-Pause” and “On-The-Move” mobile satellite 
terminals, as well as gateway services and dedicated customer support.

“We are delighted to see the proliferation of Ovzon in Europe. The combination 
of high performance, mobility and resiliency makes Ovzon SATCOM-as-a-Service the 
ideal solution to support critical humanitarian, national security and public safety 
missions. Our solutions will be further enhanced when the unique Ovzon 3 satellite 
becomes operational mid-year 2024”, says Ovzon’s CEO, Per Norén.

LizzieSat™ epitomizes our commitment to pushing the 
boundaries of space technology and advancing our mission 
of Bringing Space Down to Earth™.”

LizzieSat™ is positioned to revolutionize space-based 
data collection and analysis with its innovative Space 
Platform with a Purpose™ and FeatherEdge AI integration. 
This mission aims to broaden its customer base across 
military and commercial sectors, offering tailored 
intelligence solutions for industries such as defense, 
agriculture, maritime, and oil and gas.

As the LizzieSat™ mission progresses, Sidus Space 
remains steadfast in its commitment to delivering 
cutting-edge solutions and pushing the frontiers of space 
technology and data collection. The company looks forward 
to upcoming missions, with LizzieSat-2 and LizzieSat-3 
expected to launch on future SpaceX Rideshare missions.
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T he Airbus-built EUTELSAT 36D geostationary telecommunications satellite has been 
shipped from Toulouse, France to Sanford, Florida, USA, on board an Airbus BelugaST 
(A300-600ST). Its next step is the Kennedy Space Center, in Florida, where it will be 

launched into orbit aboard a SpaceX Falcon 9 later this month. With the advent of the new 
BelugaXL, based on the larger A330-200 platform, the A300-600 based BelugaST fleet is 
now fully available for outsized freight transport services globally.

EUTELSAT 36D is based on the latest generation Eurostar Neo geostationary 
telecommunications satellite and will provide TV broadcasting (DTH) and government 
services over Africa, Europe and eastern countries and has a planned lifetime of more 
than 15 years.

Philippe Pham, Head of Telecommunications & Navigation Systems at Airbus, said: 
“EUTELSAT 36D is the latest milestone of our longstanding partnership with Eutelsat 

stretching back more than 30 years. It is the 
22nd geo satellite we have built for them and 
will provide extended capacity over Africa and 
Eurasia.”

With 70 physical Ku-band transponders, 
the all-electric EUTELSAT 36D will assure all the 
main legacy missions of EUTELSAT 36B, with 
enhancements to coverage and performance.

It is the fourth Eurostar Neo in orbit. Eurostar 
Neo satellites combine increased payload capacity and more efficient power and 
thermal control systems with reduced production time and optimised costs as part of 
a fully digitalised production process. EUTELSAT 36D combines 18 kW of electric power 
with a reduced launch mass of approximately five metric tonnes, enabled by Airbus’ 
EOR (Electric Orbit Raising) capability, reinforcing Airbus’ position as the world leader 
in electric propulsion.

The Eurostar Neo family of Airbus telecommunications satellites is based on 
a next-generation platform and technologies, developed with the support of the 
European Space Agency (ESA), and others, including the Centre National d’Etudes 
Spatiales (CNES) and the UK Space Agency (UKSA).

This is the third time that a Beluga transport aircraft is delivering an Airbus 
geostationary satellite to the Kennedy Space Center in Florida. Previous missions 
include HOTBIRD 13G on 17 October 2022 and Inmarsat 6-F2 on 30 January 2023. Airbus' 
ability to offer an autonomous European solution is demonstrated by the transport 
of the Airbus satellites on the unique Beluga aircraft, a true example of pan-Airbus 
synergies.

Thales Alenia Space  
Signs Contract with the 

Italian Space Agency

Airbus-built EUTELSAT 
36D Satellite shipped Inside 
the BelugaST to its Launch 
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T his NASA/ESA Hubble Space Telescope image shows 
NGC 4423, a galaxy that lies about 55 million light-
years away in the constellation Virgo. In this image, 

NGC 4423 appears to have quite an irregular, tubular form, 
so it might be surprising to find out that it is in fact a spiral 
galaxy. Knowing this, we can make out the denser central 
bulge of the galaxy, and the less crowded surrounding disk 
(the part that comprises the spiral arms).

If NGC 4423 were viewed face-on it would 
resemble the shape that we most associate with 
spiral galaxies: the spectacular curving arms 
sweeping out from a bright center, interspersed 
with dimmer, darker, less populated regions. But 
when observing the skies, we are constrained by the 
relative alignments between Earth and the objects 
that we are observing.

T hales Alenia Space, a joint venture between Thales (67%) and Leonardo (33%), 
has signed a contract with the Italian space agency (ASI) to develop the 
communications subsystem for the innovative International Mars Ice Mapper 

(I-MIM) mission. This Phase B1 contract, worth a total amount of about €22 million, 
follows on from the previous Phase A award to Thales Alenia Space in 2021, successfully 
completed in 2022.

I-MIM is a mission in partnership with the Italian space agency (ASI), the Japan 
Aerospace Exploration Agency (JAXA), the Canadian Space Agency (CSA) and NASA to 
develop a Mars orbiter, with the goal of identifying and measuring the extent and 
volume of water ice in the mid- and low-latitude regions of Mars, where it is possible 
to plan the first potential human surface missions to Mars.

Thales Alenia Space will be responsible for the mission’s multi-user communications 
system and will also develop the innovative Large 
Deployable Reflector (LDR) antenna enabling the 
orbiter to establish high-data-rate communications 
with ground stations in both Ka- and X-band. The same 
antenna will serve the SAR instrument operating in 
L-band. Thales Alenia Space will build a six-meter-
aperture demonstration model of the LDR at the end 
of the two-year phase. A study of a complementary 
payload, based on a new VHF sounding radar to 

measure the depth of the ice profile to support and complement the SAR data, is also 
foreseen.

“ASI’s decision to entrust us with the development of this innovative 
communications system confirms our company's long and recognized experience 
in the production of satellites and radar technologies for communications and 
Earth observation,” said Massimo Comparini, Deputy CEO and Senior Executive Vice 
President, Observation, Exploration, and Navigation at Thales Alenia Space. “With this 
large antenna, Thales Alenia Space is developing enabling technologies for future 
challenges in Earth observation, planetary observation and communications systems, 
as well as for institutional and commercial systems. In addition, our participation in the 
International Mars Ice Mapper mission will pave the way for us to play a primary role 
in Earth-Mars communications, a key step in preparing for future human missions.”

Thales Alenia Space has long-standing expertise in the design, assembly, testing, 
and integration of large antennas for deep-space exploration missions such as Cassini-
Huygens, which explored Saturn and its moon Titan, and BepiColombo, currently on its 
way to Mercury.

Hubble Sees a Spiral Galaxy Edge-On
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NASA's SpaceX Crew-7 Finishes Mission, Returns to Earth

Evolved Adapter for 
Future NASA SLS 

Flights Readied for 
Testing

Hubble Views a Galaxy 
under Pressure

NASA’s SpaceX Crew-7 completed the agency’s 
seventh commercial crew rotation mission to 
the International Space Station on Tuesday after 

splashing down safely in a Dragon spacecraft off the coast 
of Pensacola, Florida. The international crew of four spent 
199 days in orbit. NASA astronaut Jasmin Moghbeli, ESA 
(European Space Agency) astronaut Andreas Mogensen, 
JAXA (Japan Aerospace Exploration Agency) astronaut 
Satoshi Furukawa, and Roscosmos cosmonaut Konstantin 
Borisov, returned to Earth splashing down at 5:47 a.m. 
EDT. Teams aboard SpaceX recovery vessels retrieved the 
spacecraft and its crew. After returning to shore, the crew 
will fly to NASA’s Johnson Space Center in Houston.

“After more than six months aboard the International 
Space Station, NASA’s SpaceX Crew-7 has safely returned 
home,” said NASA Administrator Bill Nelson. “This 
international crew showed that space unites us all. It’s clear 
that we can do more – we can learn more – when we work 
together. The science experiments conducted during their 
time in space will help prepare for NASA’s bold missions at 
the Moon, Mars, and beyond, all while benefitting humanity 
here on Earth.”

The Crew-7 mission lifted off at 3:27 a.m. Aug. 26, 2023, 

A test version of the universal stage adapter for NASA’s 
more powerful version of its SLS (Space Launch 
System) rocket arrived to Building 4619 at NASA’s 

Marshall Space Flight Center in Huntsville, Alabama, Feb. 
22 from Leidos in Decatur, Alabama. The universal stage 
adapter will connect the rocket’s upgraded in-space 
propulsion stage, called the exploration upper stage, 
to NASA’s Orion spacecraft as part of the evolved Block 
1B configuration of the SLS rocket. It will also serve as a 
compartment capable of accommodating large payloads, 
such as modules or other exploration spacecraft. The SLS 
Block 1B variant will debut on Artemis IV and will increase 
SLS’s payload capability to send more than 84,000 pounds 
to the Moon in a single launch.

In Building 4619’s Load Test Annex High Bay at Marshall, 
the development test article will first undergo modal 
testing that will shake the hardware to validate dynamic 
models. Later, during ultimate load testing, force will 
be applied vertically and to the sides of the hardware. 
Unlike the flight hardware, the development test article 

has flaws intentionally included in its design, which will 
help engineers verify that the adapter can withstand the 
extreme forces it will face during launch and flight. The 
test article joins an already-rich history of rocket hardware 
that has undergone high-and-low pressure, acoustic, and 
extreme temperature testing in the multipurpose, high-bay 
test facility; it will be tested in the same location that once 
bent, compressed, and torqued the core stage intertank 
test article for SLS rocket’s Block 1 configuration. Leidos, 
the prime contractor for the universal stage adapter, 
manufactured the full-scale prototype at its Aerospace 
Structures Complex in Decatur.

NASA is working to land the first woman, first person 
of color, and its first international partner astronaut on 
the Moon under Artemis. SLS is part of NASA’s backbone for 
deep space exploration, along with the Orion spacecraft and 
Gateway in orbit around the Moon and commercial human 
landing systems, next-generational spacesuits, and rovers on 
the lunar surface. SLS is the only rocket that can send Orion, 
astronauts, and supplies to the Moon in a single launch.

T his NASA/ESA Hubble Space Telescope image shows 
LEDA 42160, a galaxy about 52 million light-years from 
Earth in the constellation Virgo. The dwarf galaxy is one 

of many forcing its way through the comparatively dense 
gas in the massive Virgo cluster of galaxies. The pressure 
exerted by this intergalactic gas, known as ram pressure, 
has dramatic effects on star formation in LEDA 42160.

The gas and dust that permeates space exerts pressure 
on a galaxy as it moves. This resistance, called ram pressure, 
can strip a galaxy of its star-forming gas and dust, reducing 
or even stopping the creation of new stars. However, ram 
pressure can also compress gas in the galaxy, which can 
boost star formation.

The Hubble data used to create this image of LEDA 42160 is 
part of a project that studied dwarf galaxies undergoing ram 
pressure stripping that are part of large galaxy clusters, like 
the Virgo cluster. Studies show that ram pressure stripping 
can initially cause new stars to form in larger galaxies. The 
researchers wanted to see if the same holds true for smaller 
galaxies, like LEDA 42160. The bright patches on LEDA 42160’s 
lower-right flank may be star-forming regions spurred on by 
ram pressure stripping. Hubble’s observations of LEDA 42160 
will help astronomers determine the processes that created 
the features we see in this small galaxy.
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on a Falcon 9 rocket from NASA’s Kennedy Space Center 
in Florida. About 30 hours later, Dragon docked to the 
Harmony module’s space-facing port. Crew-7 undocked at 
11:20 a.m. Monday, March 11, to begin the trip home.

Moghbeli, Mogensen, Furukawa, and Borisov traveled 
84,434,094 miles during their mission, spent 197 days aboard 
the space station, and completed 3,184 orbits around Earth. 
The Crew-7 mission was the first spaceflight for Moghbeli 
and Borisov. Mogensen has logged 209 days in space over 
his two flights, and Furukawa has logged 366 days in space 
over his two flights.

Throughout their mission, the Crew-7 members 
contributed to a host of science and maintenance activities 
and technology demonstrations. Moghbeli conducted 
one spacewalk, joined by NASA astronaut Loral O’Hara, 
replacing one of the 12 trundle bearing assemblies on the 
port solar alpha rotary joint, which allows the arrays to 

track the Sun and generate electricity to power the station. 
The crew contributed to hundreds of experiments and 
technology demonstrations, including the first study of 
human response to different spaceflight durations, and an 
experiment growing food on the space station.

This was the third flight of the Dragon spacecraft, 
named Endurance. It also previously supported the Crew-3 
and Crew-5 missions. The spacecraft will return to Florida 
for inspection and processing at SpaceX’s refurbishing 
facility at Cape Canaveral Space Force Station, where teams 
will inspect the Dragon, analyze data on its performance, 
and process it for its next flight. The Crew-7 flight is part of 
NASA’s Commercial Crew Program and its return to Earth 
follows on the heels of NASA’s SpaceX Crew-8 launch, which 
docked to the station March 5, beginning another science 
expedition.

The goal of NASA’s Commercial Crew Program is safe, 
reliable, and cost-effective transportation to and from the 
International Space Station and low Earth orbit. This already 
is providing additional research time and has increased the 
opportunity for discovery aboard humanity’s microgravity 
testbed for exploration, including helping NASA prepare for 
human exploration of the Moon and Mars.
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NASA Artemis Mission Progresses 
with SpaceX Starship Test Flight

Exolaunch Signs Multi-Launch Agreement with SATORO Space

A s part of NASA’s Artemis campaign to return humans 
to the Moon for the benefit of all, the agency is 
working with SpaceX to develop the company’s 

Starship human landing system (HLS), which will land 
astronauts near the Moon’s South Pole during the Artemis 
III and Artemis IV missions. On March 14, SpaceX launched 
the third integrated flight test of its Super Heavy booster 
and Starship upper stage, an important milestone toward 
providing NASA with a Starship HLS for its Artemis missions.

A complement of 33 Raptor engines, fueled by super-
cooled liquid methane and liquid oxygen, powered the 
Super Heavy booster with Starship stacked on top, from 
the company’s Starbase orbital launch pad at 8:25 a.m. 
CDT. Starship, using six Raptor engines, separated from the 
Super Heavy booster employing a hot-staging technique to 
fire the engines before separation at approximately three 
minutes into the flight, in accordance with the flight plan. 
This was the third flight test of the integrated Super Heavy-
Starship system.

“With each flight test, SpaceX attempts increasingly 
ambitious objectives for Starship to learn as much 
as possible for future mission systems development. 
The ability to test key systems and processes in flight 
scenarios like these integrated tests allows both NASA and 
SpaceX to gather crucial data needed for the continued 

E xolaunch, the global leader in launch mission 
management, integration, and satellite deployment 
services announced the signing of a multi-launch 

agreement (MLA) with Asian-based SATORO Space, 
a cutting-edge commercial satellite manufacturer 
specializing in small satellites. The MLA encompasses a 
strategic partnerxship between Exolaunch and SATORO 
Space to deploy at least three satellites through 2025, 
marking a significant collaboration in advancing the global 
commercial space industry.

Under the terms of the MLA, the first launch took 
place on SpaceX's Transporter-10 mission, which launched 
SATORO’s IRIS-F1 satellite on March 4, 2024 from Vandenberg 
Space Force Base, California. Using Exolaunch’s renowned 
EXOpod Nova containerized satellite deployer, IRIS-F1 was 
successfully deployed and will conduct a scientific in-
orbit verification mission with an innovative automatic 
identification system (AIS). Subsequent launches will 
follow, extending the agreement through the end of 2025.

Initially, what began as a single launch agreement 

for SATORO Space, under the expertise of Exolaunch, has 
evolved into a comprehensive multi-launch commitment 
that extends to future rideshare missions. This expansion 
underlines the confidence and trust that SATORO Space 
places in Exolaunch's team, mission management 
capabilities, and reliable, flight-proven hardware.

SATORO Space, a spin-off from the prestigious National 
Cheng Kung University (NCKU), is a direct outcome of 
successful collaborative efforts between academia and 
industry and brings a wealth of expertise in building small 
satellites. SATORO is poised to emerge as a preeminent 

commercial satellite manufacturer in Asia, contributing to 
the region's growing presence in the global space industry. 
With Exolaunch’s flight heritage in launching over 390 
satellites across 26 unique missions, this collaboration 
will enable and ensure seamless deployment and mission 
success for SATORO Space’s satellites.

"We are pleased to announce this multi-launch 
agreement with SATORO Space, highlighting the synergies 
between our launch mission integration capabilities and 
their expertise in smallsat manufacturing," remarked 
Kier Fortier, managing director of Exolaunch USA. "We are 
especially thrilled and privileged to have successfully 
deployed the IRIS-F1 satellite, and look forward to a 
successful partnership, contributing to the advancement 
of space exploration, innovation, and commercial satellite 
technology. This partnership reflects our commitment to 
making space accessible, supporting emerging players in 
the NewSpace industry, and providing flexible and reliable 
launch solutions to meet the evolving needs of our global 
customers.”
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development of Starship HLS,” said Lisa Watson-Morgan, HLS 
Program Manager at NASA’s Marshall Space Flight Center in 
Huntsville, Alabama.

This test accomplished several important firsts that will 
contribute to the development of Starship for Artemis lunar 
landing missions. The spacecraft reached its expected orbit 
and Starship completed the full-duration ascent burn.

One objective closely tied to future Artemis operations 
is the transfer of thousands of pounds of cryogenic 
propellant between internal tanks during the spacecraft’s 
coast phase as part of NASA’s Space Technology Missions 
Directorate 2020 Tipping Point awards. The propellant 
transfer demonstration operations were completed, and 
the NASA-SpaceX team is currently reviewing the flight 
data that was received. This Tipping Point technology 
demonstration is one of more than 20 development 
activities NASA is undertaking to solve the challenges of 
using cryogenic fluids during future missions.

As a key step toward understanding how super-cooled 
propellant sloshes within the tanks when the engines shut 
down, and how that movement affects Starship’s stability 
while in orbit, engineers will study flight test data to 
assess the performance of thrusters that control Starship’s 
orientation in space. They are also interested to learn 
more about how the fluid’s movement within the tanks 
can be settled to maximize propellant transfer efficiency 
and ensure Raptor engines receive needed propellant 
conditions to support restart in orbit.

“Storing and transferring cryogenic propellant in orbit 
has never been attempted on this scale before,” said 
Jeremy Kenny, project manager, NASA’s Cryogenic Fluid 
Management Portfolio at Marshall. “But this is a game-
changing technology that must be developed and matured 
for science and exploration missions at the Moon, Mars, and 
those that will venture even deeper into our solar system.”

Under NASA’s Artemis campaign, the agency will 
land the first woman, first person of color, and its first 
international partner astronaut on the lunar surface and 
prepare for human expeditions to Mars. Commercial human 
landing systems are critical to deep space exploration, 
along with the Space Launch System rocket, Orion 
spacecraft, advanced spacesuits and rovers, exploration 
ground systems, and the Gateway space station.
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Terran Orbital Unveils Next-Generation SmallSat GEO 

Thales Alenia Space Will Develop the Radar Instrument for 
ESA's 10th Earth Explorer Harmony Exciting New Mission

T erran Orbital Corporation a global leader in satellite-
based solutions primarily serving the aerospace and 
defense industries, announced their entrance into 

the small satellite geosynchronous orbit (GEO) market 
with their SmallSat GEO™ solution for satellites above 
500kg. This will be unveiled at the SATELLITE 2024 trade 
show, happening March 18-21 at the Walter E. Washington 
Convention Center in Washington D.C. Visit us at Booth 
#2251 and experience our next-generation SmallSat GEO™ 
solution through immersive augmented reality.

SmallSat GEO™ is intended for the communications 
market and can operate in geosynchronous orbit and 
provide higher power and performance than may have 
been needed in low-earth orbit (LEO). The geosynchronous 
market is moving more towards small satellites with more 
and more GEO spacecraft ordered in the small size class. 
Terran Orbital is leveraging its investment in a 94,000 sq ft 

T hales Alenia Space, a Joint Venture between Thales 
(67%) and Leonardo (33%), has signed a first 7M€ 
contract with the European Space Agency (ESA) to 

develop the Earth Observation Synthetic Aperture Radar 
(SAR) instrument to be embarked on the two Harmony 
satellites, ESA’s 10th Earth Explorer mission.

This bridging phase contract is the first step towards 
the final contract for the overall SAR implementation 
phase. Under this contract, Thales Alenia Space will lead 
a diversified European industrial consortium to design, 
develop and validate the C-Band SAR instruments and 
will also be responsible of the C-Band digital electronic 
and antenna tiles to be embarked on both Harmony 
satellites, expected to be launched aboard a Vega-C 
launch vehicle by 2029.

“ESA's choice of entrusting the development of the 
radar instrument is evidence of the success and great 
compliance of the technology used by Thales Alenia 
Space and confirms our company’s long and recognized 
experience in manufacturing Earth observation satellites 
based on radar technology.”  said Massimo Comparini, 
Senior Executive Vice President, Observation, Exploration, 
and Navigation at Thales Alenia Space. “The development 
of this instrument will allow Thales Alenia Space to 
make an important technological and architectural step 
forward improving the competitiveness of SAR products 
in the institutional and commercial Earth Observation 
market”.

Florence Hélière, ESA’s Harmony Project Manager, 

said, “Thanks to Thales Alenia Space’s long involvement 
in radar technology, I am assured they will develop the 
Harmony SAR instrument successfully. I'm also confident 
that the team’s motivation and engagement will be 
an asset in maintaining the schedule and meeting our 
rendezvous with Sentinel-1.”

Thales Alenia Space has played a key role as industry 
during the Harmony preparatory phase, supporting ESA in 
the definition of a high performing solution able to fully 
meet the mission scientific objectives and to develop in 
parallel all the relevant SAR enabling technologies.

More information about the 10th Earth Explorer 
Harmony mission

Earth Explorer missions form the science and 

research element of the ESA dual-strategy Living 
Planet Programme, which also includes the operational 
service-oriented Earth Watch missions. The Earth 
Explorer missions focus on the atmosphere, biosphere, 
hydrosphere, cryosphere and the Earth’s interior 
with emphasis on the interactions between these 
components, and on the impact that human activities 
have on the Earth’s processes.

Together with Sentinel-1, Harmony promises 
to provide a wealth of unique data on ocean–ice–
atmosphere interactions at unprecedented resolution 
for more insight into upper-ocean heat exchanges, 
drivers of extreme weather and the long-term impacts 
of climate change.

The mission will also shed new light on deformation 
and flow dynamics at the rapidly changing edges of ice 
sheets for a better understanding of sea-level rise. In 
addition, Harmony will measure small shifts in the shape 
of the land caused by earthquakes and volcanic activity, 
thereby contributing to risk monitoring.

The Harmony mission consists of two bistatic 
passive Synthetic Aperture Radar (SAR) receive-only 
satellites, enhanced by a Thermal Infrared (TIR) optical 
payload, flying in a loose formation with Sentinel-1. 
Using Sentinel-1 as an illuminator of opportunity 
and augmenting its observations with a multi-static 
configuration for direct measurements of surface 
velocities would make a highly innovative contribution 
to Earth Observation capabilities.
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advanced manufacturing facility with automation in build 
and test, as well as three previous GEO missions, to expand 
into this market.

“Our customers require agility, affordability, and the 
ability to adapt their geosynchronous communication 
architecture,” said Marc Bell, Co-Founder, Chairman, and 
Chief Executive Officer at Terran Orbital. “We can bring our 
LEO small satellite heritage to GEO and provide the agile 
customization that our customers have come to expect and 
value.”

Key strengths of Terran Orbital’s SmallSat GEO™ 
capability:
• �Performance & Power: Gives customers a high-performing 

platform compactly packaged to support missions with 
the best price/bit offering.

• �Payload: Adaptable to commercial/customer-provided or 
Terran Orbital-supplied payloads. Allows for independently 
steerable multi-beam arrays. Supports multiple reflectors.

• �Cost: Significantly lower cost, with a faster delivery 
timeline than traditional GEO.

By offering this new capability, Terran Orbital further 
solidifies its position as a leader in cost-effective responsive 
space solutions. The company remains committed to 
developing innovative and cost-effective technologies 
that empower the national security community and 
revolutionize the future of space exploration. Click here to 
learn more about our spacecraft solutions.
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Starship's 3rd Flight Test

Startical Selects NanoAvionics and  
Gomspace Satellites to Carry Out the 
Concept Trials of its Constellation, That 
Will Take Air Traffic Control to Space

S tarship returned to integrated flight testing with its 
third launch from Starbase in Texas. While it didn’t 
happen in a lab or on a test stand, it was absolutely a 

test. What we achieved on this flight will provide invaluable 
data to continue rapidly developing Starship.
On March 14, 2024, Starship successfully lifted off at 
8:25 a.m. CT from Starbase in Texas and went on to 
accomplish several major milestones and firsts:
• �For the second time, all 33 Raptor engines on the Super 

Heavy Booster started up successfully and completed a 
full-duration burn during ascent.

• �Starship executed its second successful hot-stage 
separation, powering down all but three of Super Heavy’s 
Raptor engines and successfully igniting the six second 
stage Raptor engines before separating the vehicles.

• �Following separation, the Super Heavy booster 
successfully completed its flip maneuver and completed 
a full boostback burn to send it towards its splashdown 
point in the Gulf of Mexico.

• �Super Heavy successfully lit several engines for its first ever 
landing burn before the vehicle experienced a RUD (that’s 
SpaceX-speak for “rapid unscheduled disassembly”). The 

S tartical, a company created by ENAIRE and Indra, 
will use two satellite produced by Kongsberg 
NanoAvionics and GOMspace to test the 

communication and surveillance systems of its future 
constellation of over 270 satellites set to provide air traffic 
services from space. Startical has chosen a GOMspace 
microsatellite, of 20 kg, and NanoAvionics microsatellite, 
weighing approximately 110 kg, for a series of tests to 
assess performance of its VHF radio communication and 
ADS-B surveillance systems.

The first satellite to enter into operation will be the one 
from GOMspace, which will be launched by Startical in the 
first term of 2025. NanoAvionics, on its side, will provide its 
bus, integrate the payload supplied by Indra and launch 
its platform in mid-year 2025, executing the first mission 
operations and allowing Startical to take control of the ATM 
systems onboard.

Startical will carry out these tests in the wake of 
the International Telecommunication Union’s approval 
on December 15th, 2023, of the use of the aeronautical 
communications band from space, an historic milestone 
and a definitive boost for this pioneering project.

J. Enrique González Laguna, CEO of Startical, stated 
that: “Our goal is to become the main global provider of 
air traffic management technology in the space segment 
and a market leader in satellite surveillance and voice and 
data communications services. Our constellation will call on 
highly innovative and distinctive technological solutions, 

including the incorporation of pioneering links between 
satellites and the use of artificial intelligence to make 
controlling them easier”.

“NanoAvionics’s and GOMspace satellites technology 
and market-leading experience will provide us a partner 
to test our new technology, which in turn will open new 
markets and services. They understand our requirements 
and have the skills to perfectly address the task.”

GomSpace CEO, Carsten Drachmann, comments: “I 
am very excited that Startical has chosen GomSpace as a 
key supplier of the satellite and payload technology for 

their groundbreaking satellite constellation to enhance 
the global air traffic safety and efficiency. The journey 
that our two companies began a few years ago, is now 
moving towards completion, and I am delighted to be part 
of enabling the vision and ambition of J. Enrique González 
Laguna and his team”.  

NanoAvionics CEO Žilvinas Kvedaravicius stated that: 
“This is an excellent opportunity for us at NanoAvionics 
to become Startical’s partner. We’ll bring our leadership 
and expertise in small satellite technology, which will be 
ideally complemented by Startical’s advanced vision of air 
traffic management. We’re committed to this mission and 
we’ll strive to demonstrate the capabilities and ongoing 
reliability of our small platform and mission services 
geared towards the customer”.

“We’re striving to speed up the deployment and lifespan 
of our systems in space so as to move New Space initiatives 
such as Startical on to their next phase of development. 
Bringing performance standards to the industry requires 
the robust quality and procedural assurance to which we’re 
dedicated”.
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booster’s flight concluded at approximately 462 meters 
in altitude and just under seven minutes into the mission.

• �Starship's six second stage Raptor engines all started 
successfully and powered the vehicle to its expected orbit, 
becoming the first Starship to complete its full-duration 
ascent burn.

• �While coasting, Starship accomplished several of the flight 
test’s additional objectives, including the opening and 
closing of its payload door (aka the pez dispenser,) and 
initiating a propellant transfer demonstration. Starship did 
not attempt its planned on-orbit relight of a single Raptor 
engine due to vehicle roll rates during coast. Results from 
these demonstrations will come after postflight data 
review is complete.

• �Starship went on to experience its first ever entry from 
space, providing valuable data on heating and vehicle 
control during hypersonic reentry. Live views of entry were 
made possible by Starlink terminals operating on Starship.

• �The flight test’s conclusion came during entry, with the 
last telemetry signals received via Starlink from Starship 
at approximately 49 minutes into the mission.

While our team reviews the data collected from this 

flight, Starship and Super Heavy vehicles are preparing 
for upcoming flights as we seek to increase our launch 
cadence throughout the year.

This rapid iterative development approach has 
been the basis for all of SpaceX’s major innovative 
advancements, including Falcon, Dragon, and Starlink. 
Recursive improvement is essential as we work to build a 
fully reusable transportation system capable of carrying 
both crew and cargo to Earth orbit, help humanity return to 
the Moon, and ultimately travel to Mars and beyond.

Thank you to our customers, Cameron County, 
spaceflight fans, and the wider community for the continued 
support and encouragement. And congratulations to 
the entire SpaceX team on an exciting third flight test of 
Starship!
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NRO Mission Launches from NASA 
Wallops on Electron Rocket

Exail Signs NASA JPL 
Contract to Provide 

GRACE-C Mission 
with Space-grade 

Optical Components

NGC to Develop 
Concept for 
Lunar Railroad

N ASA’s Wallops Flight Facility supported the successful 
launch of a Rocket Lab Electron rocket at 3:25 a.m. 
EDT, Thursday, March 21, from Virginia’s Mid-Atlantic 

Regional Spaceport on Wallops Island, Virginia.
The rocket carried three collaborative research 

missions for the National Reconnaissance Office (NRO). The 
mission, dubbed NROL-123, was the first NRO mission to fly 
on a Rocket Lab rocket launched from the United States.

“We are proud to support our commercial and 
government launch partners with world-class launch range, 
safety and support services,” said David L. Pierce, Wallops 
Flight Facility director. “It was a picture perfect launch 
following a smooth countdown.”

This was the third Electron launch from Wallops and 
the fourth launch from Rocket Lab’s Launch Complex-2 in 
Virginia.

The next launch from Wallops is scheduled April 8, 2024, 
during the solar eclipse. The Atmospheric Perturbations 
around Eclipse Path (APEP) mission will launch three 
sounding rockets before, during, and after peak eclipse 
time to study how the sudden drop in sunlight affects the 
Earth’s upper atmosphere.

NASA’s Wallops Flight Facility provides agile, low-cost 
flight and launch range services to meet government 
and commercial sector needs for accessing flight regimes 
worldwide from the Earth’s surface to the Moon and beyond. 
Wallops’ flight assets – ranging from research aircraft, 
unmanned aerial systems, and high-altitude balloons to 
suborbital and orbital rockets – provide a dynamic range 
of flight capabilities. In addition, operational launch range 
and airfield assets at the facility enable science, aerospace, 
defense, and industry sectors.

E xail announces the signing of a 1.1M€ contract with 
NASA’s Jet Propulsion Laboratory to provide space-
grade (TRL9) LiNbO3 phase modulators for the laser 

ranging interferometer of the Gravity Recovery and Climate 
Experiment-Continuity (GRACE-C) mission. GRACE-C is led 
by NASA in partnership with the German Space Agency at 
German Aerospace Center (Deutsches Zentrum für Luft- und 
Raumfahrt or DLR).

“Our modulators were selected for their ability to meet 
NASA’s requirements. With years of expertise and leadership 
in LiNbO3 modulators, we proposed a component that 
adheres to NASA’s stringent standards but also withstands 
the extreme environmental conditions of space.” said Yves 
Deiss, sales manager at Exail

Exail’s space-grade modulation solutions, operational 
since 2018 in NASA missions, will play a crucial role in the 

GRACE-C mission. Integrated into laser ranging instruments, 
these components contribute to the accurate distance 
measurements performed by lasers between two twin 
spacecrafts orbiting Earth. The precision offered by laser is 
essential to accurately estimate Earth’s gravity field, and to 
provide insights into water shifts influenced by changing 
seasons, weather, and climate processes.

NASA’s December 2023 order encompasses the 
delivery of 5 GHz near-infrared phase modulators, 
including Engineering Models, Qualification Models, and 
Flight-Models. With a longstanding partnership, NASA has 
trusted Exail for years, with LiNbO3 modulators previously 
contributing to successful missions like GRACE Follow-On.

N orthrop Grumman Corporation has  
been selected by DARPA to further 
develop the concept of building a 

moon-based railroad network as part of the 
broader 10-year Lunar Architecture (LunA-10) 
Capability Study. The envisioned lunar railroad 
network could transport humans, supplies 
and resources for commercial ventures 
across the lunar surface – contributing to 
a space economy for the United States and 
international partners.
Northrop Grumman’s study will:
• �Define the interfaces and resources required 

to build a lunar rail network.
• �Establish a critical list of foreseeable cost, 

technological and logistical risks.
• �Identify prototypes, demonstrations and 

analyses of a fully operating lunar rail 
system’s concept design and architecture.

• �Explore concepts for constructing and 
operating the system with robotics, including 
grading and foundation preparation, track 
placement and alignment, joining and 
finishing, inspection, maintenance and 
repair.

Expert: Chris Adams, vice president and general 
manager, strategic space systems, Northrop 

Grumman: “This 
investment in key 
deve lopmenta l 
research keeps 
our technology at 
the forefront of 
next generation 

solutions. With our proven experience in 
the integration of complex systems and 
commercialized autonomous services, we 
will continue to create lasting change for a 
sustainable space ecosystem.”
Details: DARPA’s LunA-10 Capability Study is 
designed to quickly create new technology 
ideas shifting from individual scientific 
projects to shared, scalable systems that 
work together. The goal is to establish an 
analytical framework for integrated lunar 
infrastructure that minimizes lunar footprint 
and provides commercial services for future 
lunar users. Learn more about Northrop 
Grumman’s civil and commercial space 
capabilities and programs.

GLOBAL NEWS



May-June 2024 «  « 31

Firefly Aerospace Selected to Demo 
Launch and On-Orbit Services for US DIU

Thales Alenia Space won ESA's one of 
two LEO-PNT Orbit Demonstrators

E xail announces the signing of a 1.1M€ contract with 
NASA’s Jet Propulsion Laboratory to provide space-
grade (TRL9) LiNbO3 phase modulators for the laser 

ranging interferometer of the Gravity Recovery and Climate 
Experiment-Continuity (GRACE-C) mission. GRACE-C is led 
by NASA in partnership with the German Space Agency at 
German Aerospace Center (Deutsches Zentrum für Luft- und 
Raumfahrt or DLR).

Firefly Aerospace, Inc., an end-to-end space 
transportation company announced it signed an 
agreement with the U.S. Department of Defense’s (DoD) 
Defense Innovation Unit (DIU) to conduct a trade study on 
its capabilities to rapidly launch Firefly’s Elytra vehicles and 
support missions beyond Geosynchronous Orbit, referred 
to as xGEO. Once complete, the trade study will provide the 
groundwork for up to two Firefly demonstration missions 
that will advance the DoD’s responsive access to xGEO.

“Firefly’s robust vehicle lines and proven responsive 
space capabilities put us in a unique position to rapidly 
service the vast region of space from GEO to the Moon 
and beyond,” said Bill Weber, CEO of Firefly Aerospace. “As 
international and commercial initiatives ramp up in this 

region, the Firefly team is prepared to execute missions 
that support the growing infrastructure, provide space 
domain awareness, and help protect our nation’s critical 
assets on and around the Moon.”

The contract supports the DIU’s Sinequone project 

that aims to deliver cost-effective, responsive access to 
xGEO through both launch and orbital transfer services. 
Following completion of the study, Firefly will conduct 
up to two demonstrations to deliver multiple payloads 
to xGEO aboard its Elytra Dark spacecraft with the first 
mission completed within 18 months of receiving the 
approval to proceed. The missions will perform technology 
demonstrations to advance future operations in the xGEO 
environment.

“Firefly is accelerating commercial growth beyond 
GEO with our launch, lunar, and orbital vehicles,” said Jana 
Spruce, Vice President of Spacecraft. “Paired together, these 
vehicles allow us to provide regular, responsive access 
to this underserved region that’s critical to building a 
sustainable presence on the Moon.”

In addition to this latest agreement, Firefly is ramping 
up for multiple upcoming responsive space missions, 
including a responsive on-orbit Elytra mission for the NRO 
that will launch aboard Alpha later this year and a study 
for DARPA on responsive on-orbit spacecraft hubs. These 
operations follow Firefly’s recent responsive launch for the 
U.S. Space Force’s VICTUS NOX mission that was successfully 
completed after a 24-hour notice.

T hales Alenia Space, a joint venture between Thales 
(67%) and Leonardo (33%), signed a contract with 
European Space Agency to deliver an end to end 

solution for the LEO-PNT (Low Earth Orbit Positioning 
Navigation and Timing) orbit demonstrator. This 
contract includes the space (5 satellites to be launched), 
ground and users segments, the in orbit operations 
(including deorbiting), the launch, the test user segment, 
experimentation and service demonstration in different 
industries representative user environments.

This constellation will work in combination with 
Galileo and other satellite navigation systems to provide 
guaranteed centimeter location accuracy, robustness, 
resistance against jamming and spoofing as well as low 
latency (very fast acquisition). LEO-PNT will thus allow 
to serve emerging applications as high level autonomy 
cars including persistent coverage in dense urban areas, 
unmanned aerial & maritime vehicles or 5G/6G ground 
telecommunication network synchronization.

“Adding a LEO-PNT constellation layer to the Galileo 
GNSS, combined with improved user receivers, will unlock 
new applications and economic growth while bringing 
essential environment benefits reducing CO2 emissions 
through fuel saving and a more efficient energy network. 
By launching the first European LEO-PNT demonstrator, ESA 
is demonstrating the leading position of European agencies 
& industry in the development of future operational space 
programs that will revolutionize tomorrow’s world. The 
strong support from CNES French Space Agency completed 
by Italian Space Agency contribution are demonstrating the 
key innovative and strategic character of this project for the 

future. Thales Alenia Space will re-enforce its capabilities 
in new space navigation solutions and small satellites 
systems with this demonstrator, and support the design of 
the next evolution of satellite navigation”, declared Hervé 
Derrey, Chief Executive Officer of Thales Alenia Space.

Thales Alenia Space in France and in Italy is leading the 
program, supported by nanosat industries in Europe, mainly 
based in Spain and in Germany. Telespazio, a joint venture 
between Leonardo (67 %) and Thales (33 %), will be involved 
providing its expertise to support the operations and the 
performance analysis of the system.

LEO-PNT will benefit from Thales Alenia Space strong 
expertise as leader in the navigation domain from EGNOS 
to Galileo Second Generation as well as from its heritage 
acquired through Native Positioning System or IOT 
programs such as ARGOS, Angels, Kineis or Omnispace. 
Thales Alenia Space will also capitalize on its strong 
partnership experience with Newspace actors, leveraged to 
introduce new entrants into this field.
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NASA Conducts Full-Duration 
Artemis Moon Rocket Engine Test

NASA Astronaut Tracy Dyson, Crewmates 
Safely En Route to Space Station

Rocket Lab 
Successfully 
Launches 5th 
National Security 
Mission for NRON ASA continued a key RS-25 engine test series for 

future Artemis flights of the agency’s powerful SLS 
(Space Launch System) rocket March 22 with a hot 

fire on the Fred Haise Test Stand at NASA’s Stennis Space 
Center near Bay St. Louis, Mississippi. It marked the 10th hot 
fire in a 12-test series to certify production of new RS-25 
engines by lead contractor Aerojet Rocketdyne, an L3 Harris 
Technologies company.

The NASA Stennis test team fired the certification 
engine for 500 seconds, or the same amount of time 
engines must fire to help launch the SLS rocket to space 
with astronauts aboard the Orion spacecraft. Operators 
powered the engine up to a level of 113%, which is beyond 
the 111% power level new RS-25 engines use to provide 
additional thrust. Testing up to the 113% power level 
provides a margin of operational safety. Newly produced 
engines will power NASA’s SLS rocket on Artemis missions 
to the Moon and beyond, beginning with Artemis V.

For Artemis missions I-IV, NASA and Aerojet Rocketdyne 
modified 16 former space shuttle engines for use on the 
SLS rocket. Four RS-25 engines fire simultaneously to help 

launch each SLS rocket, producing up to 2 million pounds 
of combined thrust.

Through Artemis, NASA will establish the foundation for 
long-term scientific exploration at the Moon, land the first 
woman, first person of color, and first international partner 
astronaut on the lunar surface, and prepare for human 
expeditions to Mars for the benefit of all. RS-25 tests at 
NASA Stennis are conducted by a diverse team of operators 
from NASA, Aerojet Rocketdyne, and Syncom Space Services, 
prime contractor for site facilities and operations.

T hree crew members including NASA astronaut 
Tracy C. Dyson successfully launched at 8:36 a.m. 
EDT Saturday from the Baikonur Cosmodrome in 

Kazakhstan to the International Space Station.
Dyson, along with her crewmates Roscosmos 

cosmonaut Oleg Novitskiy and spaceflight participant 
Marina Vasilevskaya of Belarus, will dock to the space 
station’s Prichal module about 11:09 a.m. on Monday, March 

25, on the Soyuz MS-25 spacecraft.
Docking coverage will begin at 10:15 a.m. on NASA+, 

NASA Television, the NASA app, YouTube, and the agency’s 
website. NASA also will air coverage, starting at 1:15 p.m., 
of the crew welcome ceremony on NASA+ once they are 
aboard the orbital outpost. Learn how to stream NASA TV 
through a variety of platforms including social media.

When the hatches between the station and the Soyuz 
open about 1:40 p.m., the new crew members will join NASA 
astronauts Loral O’Hara, Matthew Dominick, Mike Barratt, 
and Jeanette Epps, as well as Roscosmos cosmonauts Oleg 
Kononenko, Nikolai Chub, and Alexander Grebenkin, already 
living and working aboard the space station.

Novitskiy and Vasilevskaya will be aboard the station 
for 12 days, before providing the ride home for O’Hara on 
Saturday, April 6, aboard Soyuz MS-24 for a parachute-
assisted landing on steppe of Kazakhstan.

Dyson will spend six months aboard the station as 
an Expedition 70 and 71 flight engineer, returning to Earth 
in September with Oleg Kononenko and Nikolai Chub of 
Roscosmos, who will complete a year-long mission on the 
laboratory.

This will be the third spaceflight for Dyson, the fourth 
for Novitskiy, and the first for Vasilevskaya.

Rocket Lab USA, Inc a global leader in launch 
services and space systems successfully 
launched a dedicated mission for the National 

Reconnaissance Office (NRO) from Launch Complex 2 
in Wallops, Virginia.  

The NROL-123 mission, called ‘Live and Let Fly’, was 
launched on a Rocket Lab Electron launch vehicle at 
03:25 EDT on March 21, 2024. The mission was Rocket 
Lab’s first launch for the NRO from the United States 
after previously launching four NRO missions from 
Launch Complex 1 on New Zealand’s Mahia Peninsula. 
It was also Rocket Lab’s 4th mission from Launch 
Complex 2 within Virginia Spaceport Authority's Mid-
Atlantic Regional Spaceport and the NASA Wallops 
Flight Facility in Virginia.

“We are proud to once again deliver mission 
success for the NRO on Electron,” said Rocket Lab 
founder and CEO, Peter Beck. “The NRO have placed 
their trust in Rocket Lab since our first launch 
together in 2020 and it’s an honor to continue 
delivering dedicated access to orbit for national 
security missions, this time from the other side of the 
planet. The RASR contract process is an innovative, 
forward-leaning approach from the NRO that has 
allowed the agency to capitalize on the speed and 
responsiveness of commercial launch services and 
we’re thrilled to make it possible with Electron.”

The launch service was acquired using NRO’s 
Rapid Acquisition of a Small Rocket (RASR) contract. 
RASR enables the NRO to explore new opportunities 
for launching small satellites through a streamlined, 
commercial approach. NRO missions provide critical 
information to more than a half-million government 
users, including every member of the Intelligence 
Community, two dozen domestic agencies, the 
military, lawmakers, and decision makers.

The mission was Rocket Lab’s fourth launch of 
2024 and 46th Electron launch overall.
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NASA Selects 1st Lunar Instruments 
for Artemis Astronaut Deployment

N ASA has chosen the first science 
instruments designed for astronauts to 
deploy on the surface of the Moon during 

Artemis III. Once installed near the lunar South 
Pole, the three instruments will collect valuable 
scientific data about the lunar environment, the 
lunar interior, and how to sustain a long-duration 
human presence on the Moon, which will help 
prepare NASA to send astronauts to Mars.

“Artemis marks a bold new era of exploration, 
where human presence amplifies scientific 
discovery. With these innovative instruments 
stationed on the Moon’s surface, we’re embarking 
on a transformative journey that will kick-start 
the ability to conduct human-machine teaming – 
an entirely new way of doing science,” said NASA 
Deputy Administrator Pam Melroy. “These three 
deployed instruments were chosen to begin 
scientific investigations that will address key 
Moon to Mars science objectives.”

The instruments will address three Artemis 
science objectives: understanding planetary 
processes, understanding the character and origin 
of lunar polar volatiles, and investigating and 
mitigating exploration risks. They were specifically 
chosen because of their unique installation 
requirements that necessitate deployment by 
humans during moonwalks. All three payloads 
were selected for further development to fly 
on Artemis III that’s targeted to launch in 2026, 
however, final manifesting decisions about 
the mission will be determined at a later date. 
Members of these payload teams will become 
members of NASA’s Artemis III science team.

The Lunar Environment Monitoring Station 
(LEMS) is a compact, autonomous seismometer 
suite designed to carry out continuous, long-
term monitoring of the seismic environment, 
namely ground motion from moonquakes, in 
the lunar south polar region. The instrument 
will characterize the regional structure of the 
Moon’s crust and mantle, which will add valuable 
information to lunar formation and evolution 
models. LEMS previously received four years 
of NASA’s Development and Advancement of 
Lunar Instrumentation funding for engineering 
development and risk reduction. It is intended to 
operate on the lunar surface from three months 
up to two years and may become a key station in 

a future global lunar geophysical network. LEMS 
is led by Dr. Mehdi Benna, from the University of 
Maryland, Baltimore County.

Lunar Effects on Agricultural Flora (LEAF) will 
investigate the lunar surface environment’s 
effects on space crops. LEAF will be the first 
experiment to observe plant photosynthesis, 
growth, and systemic stress responses in space-
radiation and partial gravity.  Plant growth and 
development data, along with environmental 
parameters measured by LEAF, will help scientists 
understand the use of plants grown on the Moon 
for both human nutrition and life support on 
the Moon and beyond. LEAF is led by Christine 
Escobar of Space Lab Technologies, LLC, in Boulder, 
Colorado.

The Lunar Dielectric Analyzer (LDA) will measure 
the regolith’s ability to propagate an electric field, 
which is a key parameter in the search for lunar 
volatiles, especially ice. It will gather essential 
information about the structure of the Moon’s 
subsurface, monitor dielectric changes caused 
by the changing angle of the Sun as the Moon 
rotates, and look for possible frost formation or 
ice deposits. LDA, an internationally contributed 
payload, is led by Dr. Hideaki Miyamoto of the 
University of Tokyo and supported by JAXA (Japan 

Aerospace Exploration Agency).
“These three scientific instruments will be 

our first opportunity since Apollo to leverage the 
unique capabilities of human explorers to conduct 
transformative lunar science,” said Joel Kearns, 
deputy associate administrator for exploration in 
NASA’s Science Mission Directorate in Washington. 
“These payloads mark our first steps toward 
implementing the recommendations for the high-
priority science outlined in the Artemis III Science 
Definition Team report.”

Artemis III, the first mission to return astronauts 
to the surface of the Moon in more than 50 years, 
will explore the south polar region of the Moon, 
within 6 degrees of latitude from the South Pole. 
Several proposed landing regions for the mission 
are located among some of the oldest parts of the 
Moon. Together with the permanently shadowed 
regions, they provide the opportunity to learn 
about the history of the Moon through previously 
unstudied lunar materials.

With the Artemis campaign, NASA will land 
the first woman, first person of color, and its first 
international partner astronaut on the Moon, 
and establish long-term exploration for scientific 
discovery and preparation for human missions to 
Mars for the benefit of all.
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Airbus-built TEXUS Sounding Rockets Take to the 
Skies to Conduct Experiments in Microgravity

T he TEXUS 60 rocket was 
successfully launched on 
Sunday 24 March, at 10:45 CET, 

from Esrange Space Centre in Kiruna, 
Sweden. The rocket reached an apogee 
of 251 km and provided 362 seconds 
of microgravity time. The payloads on 
board included two DLR experiments 
for the German Aerospace Center 
(DLR), called Simona and GECO, as well 
as a joint experiment of DLR and the 
Japanese Space Agency JAXA, called 
Phoenix 2.

During a microgravity time period 
of six minutes, Simona performed an 
experiment to study specific reactions of liquid alloys in 
microgravity to enhance advanced materials for car engine 
bearings, while GECO recorded calcium interaction with 
microgravity in plants to expand our knowledge about 
plant cultivation to ensure, for instance, a food source in 
space. Finally, Phoenix 2 got deeper into droplet interaction 
in spontaneous ignition of multiple fuel droplets that will 
lead to a better understanding of liquid spray combustion 
which is employed in industrial furnaces, boilers, gas 
turbines, diesels, spark-ignition, and rocket engines.

Previously, the TEXUS 59 rocket was successfully 
launched from Esrange on 15 February carrying two ESA 
experiments, Safari and T-REX , and one DLR experiment, 
Topoflame, on board.

Safari, for example, aimed to  study the growth of 
crystals that can lead to improvements in drug development 
to better understand the function of molecules that are 
important in health and disease, and agricultural solutions 
that better protect crops and enhance plant growth on 
Earth. T-REX, studying different behaviour of immune 
system cells under microgravity. Its findings could help to 
understand the biological process that allows a cell or an 
organism to respond to a variety of signals since this is one 
of the leading causes in various human diseases. More than 
fifty percent of cancers arise due to frequent mutations in 
genes.

The last experiment aboard TEXUS 59 was Topoflame, 
aimed to understand the insights of fire safety in 
astronautical spaceflight, studying flame propagation 
along solid fuels. Planned space exploration missions 
raise concerns about fire safety and propagation under 
conditions of reduced gravity.

These launches represent a double success generating 
an enormous amount of data to support scientists.
Airbus as prime contractor for TEXUS

Airbus is in charge of the development 
of the TEXUS rockets, from the mission 
concept and engine procurement to 
the data recovery. The average weight 
of a TEXUS payload is around 350 kg.

Airbus engineers from different 
disciplines develop, integrate and 
test the experimental equipment. 
In collaboration with customers 
and scientific teams, they establish 
experimental concepts. Breadboard 
tests are conducted to support design 
decisions. Depending on the results, 
further tests may be required to 
determine or verify critical parameters 

of the experiment before launch. Design reviews with 
customers ensure that their requirements are fully met.

Finally, the experimental equipment is integrated, 
tested at various stages and verified. All this goes hand-in-
hand with the development of the ground support systems 
needed to control the experiments during the test phase in 
Bremen and during the flight from Esrange.

Before transferring all flight hardware and ground 
systems to Esrange, a flight system acceptance review 
is organised with customers, which also covers the 
contributions of subcontractors: the service system 
(communication between the experiments and the ground 
station), the recovery system (parachutes), the rocket 
engines (solid propellant) and the readiness of the facilities 
at Esrange.
What is at stake?
Sounding rockets – also known as research rockets – 
launch scientific and technological experiments to the 
edge of space before falling back to Earth. Put simply, 
TEXUS helps scientists conduct biological, material 
science and physical experiments under microgravity 
conditions. The programme also plays an important role 
in preparing experiments for the International Space 
Station (ISS).

In ballistic flight, a TEXUS rocket reaches a peak altitude 
of about 260 kilometres. The flight, from lift-off to landing, 
takes about 15 minutes. As it falls freely, the experiments 
inside experience weightlessness for a duration of six 
minutes, which is only about one ten thousandth of 
the Earth’s normal gravity. During these six minutes of 
valuable research time, the scientists can directly control 
and monitor their experiments from the ground using 
telecommand and video transmission. The data is collected 
during the flight by telemetry and after recovery of the 
payload. The rocket’s payload lands by parachute and is 

recovered by helicopter with the support of Airbus and the 
Swedish Space Corporation, Esrange’s operator.

In gravitational biology, for instance, the role of gravity 
for cellular growth, development, reproduction, movement, 
orientation and other physiological processes, as well 
as the mechanisms of adaptation and compensation, 
are investigated. In bioprocessing, cell fusion and cell 
cultivation techniques are investigated. Also, growth of 
high-quality monocrystals of biological macromolecules 
for crystal structure analysis; or rapid technological 
processes such as electrophoresis and electrofusion can 
be performed. These are only some of the research areas 
studied that ultimately translate into tangible benefits for 
society.
The advantages of sounding rockets
Mission costs are substantially less than those required for 
orbital missions

Since they never enter orbit, they do not require 
extreme propulsion or telemetry and tracking coverage. 
The costs of the rocket are shared between 2, 3 or 4 research 
centres that provide their experiments. In addition, they 
serve as a test bed for future innovations that will go on 
board satellites or even the Space Station.
Rapid availability from conception to flight
The payload can be developed in a very short time frame of 
6 to 18 months. Moreover, with such a short development 
time, the latest technology can be incorporated into its 
experiments. It also offers a very fast response capability, 
e.g. to arrive in time to study cosmological phenomena, 
such as the effects of an extreme solar flare on the auroras' 
behaviour.
Direct involvement
Investigators are directly involved in developing the 
hardware, and in the preparation and execution of the 
experiment. Remote operation of the experiment can be 
done directly by the scientist during flight via telecommand 
and the support of adequate laboratory facilities at the 
launch site.
Support of orbital research
Sounding rockets offer the possibility of conducting a 
series of periodical investigations for rapid verification 
of data used to prepare experiments that will later be 
implemented on the ISS.

TEXUS (Technological Experiments in Zero Gravity) is 
the world's most successful and longest lasting sounding 
rocket programme – the first TEXUS rocket launched in 
December 1977. Customers include the European Space 
Agency and the German Aerospace Center (DLR) working 
together with various research institutes and universities 
around the world.
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NASA's SpaceX Crew-8 Launches to ISS
A n international crew of four reached 

orbit following a successful launch to 
the International Space Station at 10:53 

p.m. EST Sunday from Launch Complex 39A at 
NASA’s Kennedy Space Center in Florida. NASA’s 
SpaceX Crew-8 mission is the agency’s eighth 
commercial crew rotation mission with the 
company to the space station.

A SpaceX Falcon 9 rocket propelled the 
Dragon spacecraft into orbit carrying NASA 
astronauts Matthew Dominick, Michael Barratt, 
and Jeanette Epps, along with Roscosmos 
cosmonaut Alexander Grebenkin, for a science 
expedition aboard the orbital laboratory.

“Congratulations to NASA and SpaceX on 
another successful launch to the International 
Space Station! On this eighth crew rotation 
mission, we are once again showing the 
strength of our commercial partnerships and 
American ingenuity that will propel us further 
in the cosmos,” said NASA Administrator Bill 
Nelson. “Aboard the station, the crew will 
conduct more than 200 science experiments 
and technology demonstrations to help fuel 
this new era of space exploration and benefit 
humanity here on Earth.”

During Dragon’s flight, SpaceX will monitor 
a series of automatic spacecraft maneuvers 
from its mission control center in Hawthorne, 
California. NASA teams will monitor space 
station operations throughout the flight from 
the Mission Control Center at the agency’s 
Johnson Space Center in Houston. NASA coverage 
continues with audio only commentary until the 
start of the rendezvous and docking broadcast.

The Dragon spacecraft, named Endeavour, 
will dock autonomously to the forward port 
of the station’s Harmony module about 3 
a.m. Tuesday, March 5. NASA will provide live 
coverage of rendezvous, docking, and hatch 
opening, beginning at 1 a.m., on NASA+, NASA 
Television, the NASA app, YouTube, and the 
agency’s website. NASA also will continue 
coverage of the crew welcome ceremony once 
they are aboard the orbital outpost. Learn 
how to stream NASA TV through a variety of 
platforms including social media.

Crew-8 will join the space station’s 
Expedition 70 crew of NASA astronauts Jasmin 
Moghbeli and Loral O’Hara, ESA (European Space 
Agency) astronaut Andreas Mogensen, JAXA 
(Japan Aerospace Exploration Agency) astronaut 

Satoshi Furukawa, and Roscosmos cosmonauts 
Konstantin Borisov, Oleg Kononenko, and 
Nikolai Chubb. For a short time, the number of 
crew aboard the space station will increase to 
11 until Crew-7 members Moghbeli, Mogensen, 
Furukawa, and Borisov return to Earth a few 
days later.

Crew-8 will conduct new scientific research 
to prepare for human exploration beyond low 
Earth orbit and benefit humanity on Earth. 
Experiments include a study of brain organoids 
to understand neurodegenerative disorders, 
shifts in body fluids during spaceflight, and 
the effects of UV radiation and microgravity on 
plant growth. These are just a few of the more 
than 200 science experiments and technology 
demonstrations that will take place during their 
mission.

With this mission, NASA will maximize use 
of the space station, where astronauts have 
lived and worked continuously for more than 23 
years testing technologies, performing science, 
and developing the skills needed to operate 
future commercial destinations in low Earth 
orbit and explore farther from Earth. Research 
conducted on the space station provides 
benefits for people on Earth and paves the way 
for future long-duration trips to the Moon and 
beyond through NASA’s Artemis missions.

More about Crew-8
Matthew Dominick is the commander for Crew-
8, his first spaceflight since his selection as an 
astronaut in 2017. During Expedition 70/71 aboard 
the space station, he will serve as a mission 
specialist. Follow @dominickmatthew on X.

Michael Barratt is the Crew-8 pilot, 
making his third visit to the space station. In 
2009, Barratt served as a flight engineer for 
Expeditions 19/20 as the station transitioned 
its standard crew complement from three to six 
and performed two spacewalks. He flew aboard 
the space shuttle Discovery in 2011 on STS-133, 
which delivered the Permanent Multipurpose 
Module and fourth Express Logistics Carrier. 
Barratt has spent a total of 212 days in space. 
During Expedition 70/71, he will serve as a 
mission specialist.

Jeanette Epps is a mission specialist for 
Crew-8, her first spaceflight, working with the 
commander and pilot to monitor the spacecraft 
during the dynamic launch and re-entry phases 
of flight. Epps was selected by NASA as an 
astronaut in 2009. She will serve as a flight 
engineer during Expeditions 70/71. Follow @
Astro_Jeanette on X.

Roscosmos cosmonaut Alexander Grebenkin 
is flying on his first mission. He will serve as a 
flight engineer during Expeditions 70/71.
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Exolaunch Successfully Deploys 28 Customer 
Satellites Onboard SpaceX's Transporter-10 Mission

BAE Launches MethaneSAT Satellite to Provide 
Critical Global Greenhouse Gas Emissions Data

E xolaunch, the global leader in launch mission 
management, integration, and satellite 
deployment services, announced the successful 

deployment of 28 customer satellites during the SpaceX 
Transporter-10 Rideshare mission. The mission, which 
took place on March 4, 2024 at 2205 UTC from Vandenberg 
Space Force Base in California, marks another milestone 
in Exolaunch's commitment to advancing the booming 
commercial space and small satellite industry.

Exolaunch has participated in all Transporter 
missions to date, and the Transporter-10 mission builds 
upon Exolaunch's previous successes, bringing the 
company’s total number of deployed satellites up to 391. 
Exolaunch has a Multi-Launch Agreement with SpaceX, 
and with each launch procured under the contract, 
Exolaunch provides its trusted mission management, 
industry-leading integration services, and flight-proven 
proprietary separation hardware to ensure efficient and 
reliable satellite deployments to its customers.

Exolaunch’s customers on the Transporter-10 mission 
included: Aerospacelab, Careweather, ICEYE, Kongsberg 
NanoAvionics, Loft Orbital, Muon Space, ONDO Space, 
Open Cosmos, Orbital Astronautics, SATORO Space, 

BAE Systems is celebrating alongside its customers 
at the Environmental Defense Fund (EDF) following 
the successful launch of the MethaneSAT satellite 

from Vandenberg Space Force Base in California. The 
satellite will provide the public with reliable scientific 
data about the sources and scale of methane emissions 
globally, with the ultimate goal of driving reductions in 
the near future.

MethaneSAT’s primary instrument includes a BAE 
Systems-built spectrometer that will identify and 
quantify methane emissions by measuring the narrow 
part of the infrared spectrum where the gas absorbs 
light reflected off the Earth. The satellite will monitor 
emissions from the oil and gas sector, which accounts 
for about 40% of all human-caused methane emissions, 
and it will be able to revisit the same sites daily in most 
instances.

MethaneSAT will also fill a gap in existing remote 
methane monitoring capabilities, offering high-precision 
emissions mapping over a broad 200km by 200km field 

Satlantis, Spire Global, Unseenlabs, and Universität 
Würzburg. The end-users that were also served included: 
CEiiA (Portugal’s Center of Engineering and Product 
Development) via Open Cosmos, CONTEC via Kongsberg 
NanoAvionics, and Hubble Network via Spire Global. In 
addition, Exolaunch provided its proprietary deployment 
solutions and integration services to Sidus Space, Space 
Machines Company and Satellogic. Hailing from locations 
around the world – such as Argentina, Australia, Belgium, 
Finland, France, Germany, Lithuania, Mongolia, South 
Korea, Spain, Taiwan, the United Kingdom, and the United 

of view. This satellite will further complement existing 
methane-monitoring satellites that focus on either 
larger scales or detecting point sources.

“MethaneSAT will make a critical difference in helping 
us better understand and remedy global greenhouse 
gas emissions,” said Dr. Alberto Conti, vice president 
and general manager of Civil Space for BAE Systems 
Space & Mission Systems. “MethaneSAT will advance 
our ability to identify and track emissions from their 
source, empowering stakeholders and the public with 
actionable data to enable reductions. We are thankful 

States – this mission marked one of Exolaunch’s most 
diverse yet. To effectively navigate intricate technical, 
logistical, and legal processes, Exolaunch clients onboard 
the mission received a service package which facilitated 
end-to-end testing, integration, global shipping, and 
deployment of their satellites.

"Exolaunch was thrilled to fly on the Transporter-10 
mission with SpaceX, deploying an impressive 28 
customer satellites into space,” remarked Jeanne 
Allarie, chief commercial officer at Exolaunch. “We 
extend our deepest gratitude to our valued customers 
and partners, who have placed unwavering trust in our 
team and services. SpaceX’s Transporter program has 
redefined the landscape of launching small satellites 
into orbit, providing an unparalleled and reliable service 
that reflects their spirit of innovation and cutting-edge 
launch capabilities. As we celebrate this milestone, we 
are thankful for the trust we’ve earned and excited for 
the program’s future, anticipating the rapid launch of 
many more satellites on a large scale. Exolaunch is well-
positioned and prepared to grow alongside the evolving 
market dynamics, and we look forward to continued 
success in contributing to the Transporter program.”

to our customers at the Environmental Defense Fund for 
developing this crucial mission, and we look forward to 
seeing all the change it will bring.”

BAE Systems worked alongside scientists from EDF 
and MethaneSAT, LLC, to design and build the primary 
instrument. The company also led spacecraft integration, 
environmental testing, and will provide commissioning 
services. Once commissioning is complete, EDF will 
launch a cloud-based platform in partnership with 
Google to distribute MethaneSAT data publicly and free 
of charge, ensuring the data will be easily accessible for 
all.

“MethaneSAT is a unique instrument with demanding 
specifications,” said Peter Vedder, senior director for 
mission systems at MethaneSAT. “It’s designed to see 
methane emissions that other satellites can’t, with 
unprecedented precision. BAE Systems helped us 
push the envelope to deliver a powerful new tool for 
protecting the climate.”

MethaneSAT launched on a SpaceX Falcon 9 rocket.
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NASA RADAR FINDS ICE DEPOSITS 
AT MOON'S NORTH POLE

U sing data from a NASA radar that flew 
aboard India's Chandrayaan-1 spacecraft, 
scientists have detected ice deposits 

near the moon's North Pole. NASA's Mini-SAR 
instrument, a lightweight, synthetic aperture 
radar, found more than 40 small craters with water 
ice. The craters range in size from 1 to 9 miles (2 
to15 km) in diameter. Although the total amount 
of ice depends on its thickness in each crater, it's 
estimated there could be at least 1.3 trillion pounds 
(600 million metric tons) of water ice.

The Mini-SAR has imaged many of the 
permanently shadowed regions that exist at both 
poles of the Moons. These dark areas are extremely 
cold and it has been hypothesized that volatile 
material, including water ice, could be present in 
quantity here.  The main science object of the Mini-
SAR experiment is to map and characterize any 
deposits that exist.   

Mini-SAR is a lightweight (less than 10 kg) 
imaging radar.  It uses the polarization properties 
of reflected radio waves to characterize surface 
properties.  Mini-SAR sends pulses of radar that are 
left-circular polarized.  Typical planetary surfaces 
reverse the polarization during the reflection of 
radio waves, so that normal echoes from Mini-SAR 
are right circular polarized.  The ratio of received 
power in the same sense transmitted (left 
circular) to the opposite sense (right circular) is 
called the circular polarization ratio (CPR).  Most of 
the Moon has low CPR, meaning that the reversal 
of polarization is the norm, but some targets 
have high CPR.  These include very rough, fresh 
surfaces (such as a young, fresh crater) and ice, 
which is transparent to radio energy and multiply 
scatters the pulses, leading to an enhancement in 
same sense reflections and hence, high CPR.  CPR 
is not uniquely diagnostic of either roughness or 
ice; the science team must take into account the 
environment of the occurrences of high CPR signal 
to interpret its cause.

Numerous craters near the poles of the Moon 
have interiors that are in permanent sun shadow.  
These areas are very cold and water ice is stable 
there essentially indefinitely.  Fresh craters show 
high degrees of surface roughness (high CPR) 
both inside and outside the crater rim, caused by 
sharp rocks and block fields that are distributed 
over the entire crater area.  However, Mini-SAR has 

found craters near the North Pole that have high 
CPR inside, but not outside their rims.  This relation 
suggests that the high CPR is not caused by 
roughness, but by some material that is restricted 
within the interiors of these craters.  We interpret 
this relation as consistent with water ice present 
in these craters.  The ice must be relatively pure 
and at least a couple of meters thick to give this 
signature.

The estimated amount of water ice potentially 
present is comparable to the quantity estimated 
solely from the previous mission of Lunar 
Prospector's neutron data (several hundred 
million metric tons.)  The variation in the estimates 
between Mini-SAR and the Lunar Prospector's 
neutron spectrometer is due to the fact that it only 
measures to depths of about one-half meter, so it 
would underestimate the total quantity of water 
ice present.  At least some of the polar ice is mixed 
with lunar soil and thus, invisible to our radar.

"The emerging picture from the multiple 
measurements and resulting data of the 
instruments on lunar missions indicates that water 
creation, migration, deposition and retention are 
occurring on the moon," said Paul Spudis, principal 
investigator of the Mini-SAR experiment at the 
Lunar and Planetary Institute in Houston. "The 
new discoveries show the moon is an even more 

interesting and attractive scientific, exploration 
and operational destination than people had 
previously thought."

"After analyzing the data, our science team 
determined a strong indication of water ice, a 
finding which will give future missions a new 
target to further explore and exploit," said Jason 
Crusan, program executive for the Mini-RF Program 
for NASA's Space Operations Mission Directorate in 
Washington.

The Mini-SAR's findings are being published 
in the journal Geophysical Research Letters. The 
results are consistent with recent findings of 
other NASA instruments and add to the growing 
scientific understanding of the multiple forms 
of water found on the moon. The agency's Moon 
Mineralogy Mapper discovered water molecules in 
the moon's Polar Regions, while water vapor was 
detected by NASA's Lunar Crater Observation and 
Sensing Satellite, or LCROSS.

Mini-SAR and Moon Mineralogy Mapper are two 
of 11 instruments on the Indian Space Research 
Organization's Chandrayaan-1. The Applied 
Physics Laboratory in Laurel, Md., performed the 
final integration and testing on Mini-SAR. It was 
developed and built by the Naval Air Warfare 
Center in China Lake, Calif., and several other 
commercial and government contributors.
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