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Abstract

In a context of disruptive innovation, CNES (Cenltational d’Etudes Spatiales), the French Space
Agency, as the driving force behind France's spaagitions, has the main objective, through the 8pac
Transportation Directorate PERSEUS (Projet Etudi@nRecherche Spatiale Européen Universitaire et
Scientifique) program, to arouse the interest andation of the new generation for careers and
entrepreneurship in the space sector, by projedtiegn into a future of discovery, science and
technology, but also by raising their awarenesthefsocietal, environmental, economic, strategat an
political dimensions of space which are more imgairthan ever.

Relying on innovation platform PERSEUS through medpc and ambitious ground and flight
demonstrator projects, CNES is driving Padawarwutyin the space side in order to help them become
change actors of tomorrow.

1. PERSEUS in a nutshell

“If you are working on something exciting that y@ally care about, you don’t have to be pushed. viikien pulls
you,” “People with passion can change the world for tle¢tér” Steve Jobs

A powerful vector of growth, the space sector repngs a high-tech industry, providing highly quatifjobs. As such,
it is an important driver of innovation, whose teological developments not only influence but atemefit from
those of many other strategic sectors (microelaasy aeronautics, defense). By relying on thetaligevolution,
technologies and space data also have a leverdget eh the development of new economic ecosystérhs.
downstream space sector constitutes an importanttireservoir, with the development of new apiazs and new
services using space data in areas of the futataply for the benefit of sustainable developmemeén growth,
health, mobility, land use planning, water resouncgnagement, natural risk management, agriculfiorestry,
fishing, etc.). Space is fully integrated into thgital revolution, thanks to the increasing numbgsatellites, which
provide and transport a growing flow of data. Dasa transforming multiple economic sectors, such as
telecommunications, transport and health, but itl® at the heart of major societal issues, beiweaional
sovereignty and scientific knowledge. This breedjrmund has favored the development of an econeound space,
based on a global and multipolar ecosystem wheeeaiat closely with industrialists mastering tha@penvironment,
SMEs, start-ups as well as internet giants andratbers of space data, whether public or privake 3pace value

chain, long focused on infrastructure and the epsir sector, has now shifted to the downstream rsantbthe data
economy.

Copyright0 2022 by Marie-Sophie Lachesnais and al.. Publisiyetie EUCASS association with permission.



Marie-Sophie Lachesnais and al.

The “NewSpace”, which constitutes a major paradgmft, has emerged in this new context. Challendimg
economic patterns established in the space indimtryeveral decades, new players, some of them fhe digital
world, are relying on disruptive methods and tedbgies. They constitute serious competitors for eéstablished
players, but also drivers of growth, particularythe development and use of space applicatiores'NlawSpace" is
an accelerated and global evolution of the spagraito involving many new public and private actorsl aew
methods; a new space of risks and opportunities.

It is paradoxically in this context of competititimat the needs and opportunities for cooperatierirdaensifying.

In this ever-changing landscape, the role of CN&Spne of the stakeholders in Europe for futuraspartation
systems preparation, and with its 60 years of eégpee, is to provide its expertise to promote theetbpment and
growth of this new economy by creating a bridgeMeein the historical players and the start-ups @efNbw Space,
and thus build a new dynamic for French and Eunosgace transportation.

More broadly, CNES is currently mobilized to faizte the emergence of a space innovation, focussipgrticular on
the development of an application ecosystem bylaég the decompartmentalization, creating lihksnveen the
space industry and other economic sectors. CNESaashed the Connect by CNES initiative, whicheddfa
complete range of support services (ideation, itngirincubation, acceleration, technical expettésdnical expertise,
labeling, and financing) for companies and ingtitl players in the space sector and institutiptelers in the space
sector who wish to use space technologies or solgtti

As the central actor in France for Space educaitidtigtives conducted within the CNES implying theademic world
and students are also completely part of thisesgsatHence, projects such as Nanolab Academy, Riagft] at the
Satellite Directorate, student competition “Laurtbk Future” [2] or PERSEUS [3], initiated in 2006the Space
Transportation Directorate, find naturally theiagé in this context.

PERSEUS’ DNA, its mission statement "To inspire veoand rose interest and vocation of the next rgeioa for
the space world and entrepreneurship...” is detltheough its vision statement: " ... by making itessible and
useful to all, by combining the power of creativityd the collective spirit of co-creation with tlditechnology and
rockets, by projecting students into a future stdivery and science through ambitious ground aglat tlemonstrator
projects while also making them aware of the emrirental, societal, economic, strategic, and paliiimensions of
space that are more important than ever so thgtddue impact the world around them.

Demanding and ambitious, it is the pleasure anddémre to fulfill oneself that guide the approaufhthe new
: b generation. In order to accompany them in this agq,
EERSEUSECosysem - - =l spread the space culture within the society anduscen
Train, Inspire Next Generation of Smart Rocket Scientists & Entrepreneurship the value of space professions and entrepreneurship
' PERSEUS, among other things, seeks to:
v Attract and foster the emergence of talents infitid
of space transportation systems through innovative
promising technical challenges.
v'Deploy the ecosystem conducive to the development o
vocations for the creation of companies in the spfedd.
Thinking about space transport for example, newesys
aims at breaking the space cost barrier throudeadrs:
simplification, rationalization, reusability and cec

"...Space is for everybody. It's not just for a few people in science or math, or for a select group of astronauts.

That's our new frontier out there, and it's everybody's business to know about space.” - Christa McAuliffe d es I g n . T h IS n eW parad Ig m Oﬁe rS n u m e ro u S
opportunities to bring innovations which could feed
Millenials 2.0 generation in quest of permanentlehges.

In order for instance to catch up as quickly assjiids the players from the “NewSpace” who demotnstracket
boosters’ recovery and reusability on a regularsh@NES promotes several initiatives at differecdles, whether it
be with students, academics, SMEs or big playensing at fostering key competencies for reusabilityEurope.
Callisto [4] or THEMIS [5] projects to name sometbém are part of this process. Within PERSEUSUaozcs
framework, the DREAM-ON challenge is so the recelgtaf the required technologies for reusable smgbckets,
relying on LOX/CH4 propulsion. In this same logiry increasingly important part is and will be gitereco-design.
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Through its various actions, the PERSEUS programtsw® echo the concerns of society and offer aesphfreedom
where the students can be actors of the changareent the space of tomorrow...and maybe beyoncedddthe
universe proposed in PERSEUS wants to be conviasidd, to support a collective expression and t@lzsense. The
PERSEUS constellation is made up of about 35 usityeand associative stars representing approxign&e0
students spread over a hundred activities. Theghalte the will and motivation to take up the aadles inherent in
this program. In this perspective, students areusted with multi-task, multidisciplinary activisecorresponding to
the different themes that can structure the designspace transportation system. The student®p#ris community
can rely on wealthy of the involved profiles (stotsefrom different universities, Laboratories, Istties from legacy
and New Space), the technical excellence the pragrants to pursue, the knowlegde transmissionshade, the
taking of initiatives to make emerge new ideas|cbnew vision to support an entrepreneurial impuiggch could
impact positively the daily life and make a bettarld.

2. Looking back into the mirror ...

“If you can't fly then run, if you can't run thevalk, if you can't walk then crawl, but whateveuydo you have to
keep moving forward.Martin Luther King Jr

These ideas and vision are particularly reflectedhe actual proposed technical roadmap, nameinwaemental
development logic of demonstrators which aims til&technological bricks of reusability througle A REAM-ON
challenge. This roadmap is built on the achievern€RERSEUS of the last 17 years.

The technical objectives in the early years offitegect were to achieve 3 ambitious demonstratssia connection
with some objectives of CNES at the time:
e« EOLE [6] an airborne platform: flying testbed deymdd to test the Separation and Release Devices by
launching an ARES rocket with the support of ONERAd Aviation Design (its flight was performed in
French Guiana in August 2019)
 HERA a hybrid rocket engine 10kN of thrust,
« ARCADIA an experimental rocket powered by this emgcapable of exceeding an altitude of 100 km.
Subsequently, ARCADIA has been repositioned asgetan 2010 to turn to intermediate steps.

On this basis, various initiatives and achievembatge been conducted with partners also presenE [\ ROXEL,
Bertin technologies/CTI Ingenierie ..) which hadoakd schools / universities to acquire certainliskithe
establishment of test facilities, and the developinod technology bricks, and systems with suffitipotential that
have contributed to feed the two families of fligletmonstrators: conventional launch from the grq@RES, SERA)
and airborne launch (EOLE) All the classical diios necessary for the definition, realization apérations of an
operational launcher have been put into practidbeénproject. An essential element of the functigndf the project
was and remains obviously the perpetuation of fiseta at the student level in order to be ablesare a significant
progression in the achievements.

The PERSEUS roadmap has thus evolved during thegeats with a continuity at the level of the techhchallenges
and in a logic of progression and complexity imterof rockets realized. About twenty experimentakets (ARES)
have been launched during the national launchingpeéggns C'Space, organized by the DCO.

The objective of the ARES [7] experimental rockist®o study and realize modular experimental rackebrder to :
= to be used as test bench in flight for the techgielodeveloped in the other demonstrators,
= to qualify the PERSEUS procedures for the dimensgnases of a launcher in atmospheric flight: pges
of the transonic regime and behaviour at the mamirdynamic pressure

These rockets are centered around innovation amldiiadty. A particular study concerns the optimiaatof the mass
of the structure and the equipment. ==/
All ARES rockets are defined according to commoarahteristics, such as:
v' an external diameter of the structure of 160 mm,
v' arecovery system by axial separation and deployfgrarachutes,
v'an external structure made of innovative sandwirhposite tubes,
v light fins easy to assemble and disassemble,
v the use of the PERSEUS launch pad (for launches the ground) -
The development of ARES rockets responds to ortheoeducational missions
of CNES and offers the opportunity to integrate neetools/universities into PERSEUS through "tecdhjc
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affordable" demonstrators. These rockets, whicmmate in a one-week launch campaign each sumniarimes on
a military site, can reach an altitude of 1.2 t6 &m for the highest. The altitudes of these expenital rockets are
very modest for essentially two reasons:
* The realization and the implementation of thes&etscby motivated but not very experienced students
* The constraints of safeguarding the launchingwgitieh strongly limit the apogee.

The continuity of the ARES flight demonstrators support of

embarked experiences at C'Space is essential lee@taigssa great
source of motivation for the new generations ofdehis. These
demonstrators have therefore the interest to coatelistudent works
while testing very recent technologies in all field\n ARES rocket
will soon be launched from French Guiana at the @n2i022 with

the support of CSG teams, thus reinforcing theslinkth the

universities of Kourou and Cayenne.

Systemede  Section électronique Section
Ensemble coiffe récupération partie basse propulsion

Parachutefrein \
Case électronique
Electronique / a

Propulseur Ailerons
meaUe colfe Séparation  parachute principal Pro753G classic

Figure 2: Guyana ARES

But the current limitation of these demonstrato®RES is that the flight remains clearly in subsorggime.
Consequently, in order to be able to propose tatlaglemic world studies compatible with the cladsiamensioning
cases of an operational launcher in the atmosppbase (transonic passage, maximum dynamic preisssupersonic
regime) the SERA project [6] was decided mid-204 first launch was realized in May 2014 and twoesthfollowed
thereafter. SERA 4, the last member of the SERAilfaof solid rocket demonstrators, will be laundha October
2022 from French Guiana.

The many projects and demonstrators implement@demast have thus made it possible to learn, stafed and
progress in the many disciplines and questionginglado rockets (subsonic regime, supersonic, geneiforts,
telemetry, avionics, composite structures, hybrpplsion, solid propulsion, bi-liquid propulsionogind tests...).

For example, the first tests of the biliquid LoxaBhol MINERVA engine (5KN thrust engine with a camsbion time
of 20s for the first example) were carried out 018, on the multi-fuel test bench built with theppart of R&T at
ROXEL. These tests resumed in June 2022, once rthpmee test bench has been relocated in 2021 taeits
environment at the ArianeGroup test site in Vernon.

These achievements during these first 17 years pawéded a solid technical foundation within thEFBSEUS
program for the students that will enable them &etriuture challenges.

SERA 4, symbol finally of all these achievementdahltallowed PERSEUS to go up in technological nigtuwill
thus constitute, with the MINERVA engine, the bdse the development of the first bi-liquid rocke$TREOS, one
of the parts of the new orientations of the prgjaotd to bring PERSEUS to a higher level of comipfex

We build the future on our success story!

3....before a forward leap into next years

"Shoot for the moon; Even if you miss, you'll lamdong the starsOscar Wilde

In 2018/2019, in line with the recent market tremdl overall strategy of the CNES Space Transportd@irectorate,
the PERSEUS roadmap has evolved to turn to biliguighulsion and move towards a reusable lox/metbanading
rocket demonstrator. So The objective in the madierm of PERSEUS is to answer the challenge ofdghee with
biliquid sounding LOX/Methane rockets. 2 large fhes of demonstrators, corresponding to an increasemplexity
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of the technological bricks involved, have beerirdef in order to mark out the way towards this otiye: ASTREOS
and DREAM ON.

ASTREOS : family of demonstrators of bi-liquid r@tk recoverable under parachute: launch target of
ASTREOS 1 in May 2024 with all the associated tedgical building blocks.

ASTREOS Branch is a demonstrator project being piathe CNES PERSEUS roadmap. Demonstrating
critical technologies and capacities, it shall seas a stepping stone for a notional reusable DREXWI
sounding rocket. Capitalizing as much as possiblthe developments and the experience acquiredtingth
SERA family of flight demonstrators, the overalgjof the ASTREOS Branch demonstration is to cbnte

to the acquisition of the technologies and compmterfor a sounding rocket enabling reusabilityotigh
series of tests at representative scale, on granddn-flight. The objective of these vehicles fhnis to
validate the technologies such as liquid propulsigstem, ground support system, avionics, reactotrol
system, recovery system and range communicatioteraysequired for a reusable vehicle. The project
consists actually in several “system level” hardavaetups that will allow to proceed with intensgtitey
along the 2023-2029 period, with more or less Hli@anch campaign every year. The Agile development
logic for PERSEUS consists in setting a path féaguintermediate hardware valuable tests well ef25
(i.e. with meaningful objectives). They all contrib to the overall DREAM ON Roadmap, give a dynamic
rhythm to the project with (= 1 concrete objectaech year) and allow to gain experimental matumityiew

of the final “DREAM ON” design.

The underlying design concept of ASTREOS demormisdies on “technically affordable components” for
the students and Innovation principles, espectalhge maximizing reuse and pragmatism. As a comsegu
of these principles and of the iterative desiga,wehicle architecture is organized around modilaiscould
be independently updated along the project.

DREAM-ON: family of reusable bi-liquid rocket demstrators

As this is more of a long-term objective, no cakeridrget for possible achievements or launchsgésified
here. However, concept studies (diameter 250/6B@je-engine/cluster of engines...) have beenaxad
launched allowing also to approach three possilldas of recovery for PERSEUS:

e The descent under parafoil (studied in particutathe form of on-board experiments at C'Space)

« Ballistic descent with retropropulsion (VTVL ascendrajectory)

e The winged descent

The implementation of these families of demonstsatll be based on the development of 2 importaciinologies,
responding to an incremental logic of increasingplexity and allowing to address 2 complex isswesfudents:

v

v

These sub-demonstrators are an integral part adekielopment

the Guidance Navigation Control (GNC) part to magtcovery and reuse with the Mini-Apterros,
Smartcatcher and ROAR sub-demonstrators.

the bi-liquid engine part with the MINERVA enginamalso of the sub-demonstrator ROAR. Indeed, ROAR
has the peculiarity to integrate both the MINERM#gme in its development and test logic for thecfional
part of ASTREOS stage and also the VTVL GNC paith(the development of the vectorization theme) of
DREAM ON.

plan for the two families of ASTREOS and DREAM-OI ..
demonstrators. '

Within

development of the different demonstrators will defollow an

incremental logic (see flowchart), which will allowhe ‘
introduction of new functionalities or technologiésr each L‘
version while increasing the performances. ASTREQ#I A
DREAM-ON will evolve over time.

1
the ASTREOS and DREAM ON families, th

Figure 3: PERSEUS Incremental Roadmap Logic
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3. Thematics & Key Technologies roadmap, Demonstrats development
overviews

"Knowing is not enough, we must apply. Willingé enough, we must ddBruce Lee
“Welcome the doubt, Embrace doubt...otherwise yoluniter know what you're truly capable dginger Runner

To progress towards the DREAM-ON test-bed/demotmtsa some key and complex technologies need to be
mastered, which can be tough and sometimes disgiogrfor students who have not for some of thenpitssibility
to be involved on the “long term” in the projechus, in order to meet the students' need for ex@ariation, taking
into account the academic rhythm on which this progdepends, and while relying on past experiethegproposed
technologies roadmaps favors an incremental bxibfke and agile approach that makes it possibtake into account
different possible paths to achieve concrete retidins each year. As early mentioned, these bridkbe part of the
different incremental demonstrators and the spetigmes of PERSEUS. The rationale in the roadsiéapeémbrace
in the same time COTS technologies as well as enai-and long term promising and bets technologdiéswant to
promote incremental innovation as well as innovagénd potentially riskier ideas. These roadmaps had can added
to the breadth and depth of participation. The tpraent of these key parameters enable the progféke different
demonstrators and sub-demonstrators performedebsttiients and supported by technical specialist®aperts.

One path to success to ASTREOS 1 implementatias itiethe development all th6SE (Ground Support
Equipment) and related operations including the launcher padpellant storage and filling system, disconioect
system and safety equipments. To meet the neddunch autonomy for the various demonstrators hadi-liquid
filling problems of these future launchers, the BIERIS project is currently developing its own moltélench pad.
Even if we cannot speak of technologies in theditsense, preparing and training a ground operadéiam is also a
key parameter. Augmented and virtual realitiesdlp Istudents rehearse the various ground operatiotise rocket
itself can be a means of training in the variowspdures and reducing risks.

The development of the bi-liquid line is conditidnt the implementation of thropulsive Assemblywith in
particular the functional and firing tests of thénktva engine. The PERSEUS propulsion bench oW éneon plateau
is an important cornerstone in the new directiodeutaken. It will make it also possible to valid#te performance
of tanks with composite liners, th&tructures and Materials technology being one of the critical aspects ef th
propulsion system. From the point of view of theaery strategy of the vehicle (Vertical Take Gfértical Landing),
the development and a characterization in cryogeoiitions of the Pintle technology in order ttoal a certain
modulation of thrust of the engine represents afsomportant milestone.

Nevertheless, the Vertical Landing strategy isthetonly one studied within PERSEUS. A recoverthefvehicle by
means of a parafoil is also envisaged within theliss of the DREAM-ON rocket - a system which coalso be
tested with the rockets planned duri@space Campaign- and seems initially more affordable for the stotd

compared to the Vertical Landing and the contrahef Thrust Vector Control (TVC), which constitutesvertheless
one topic to study.

Whatever the options studied or retained atSfstem level it is imperative today to develop for certain ests the
whole Avionics chain with theGuidance Navigation Control part. This New Generation Avionics will have to be
more modular, integrate as much as possible thelegis protocol, build perhaps on a hybrid navigatwbile relying
on standards such as Open Powerlink

On these themes, a certain synergy and overallrenbe (up to a certain stage obviously taking sxdoount the
performances serached in PERSEUS) within R & T CiNE§ects but not only can be expected with theetigpment
of the ASTREOS and DREAM-ON demonstrators.

If the practical aspects and the will to realizesasn as possible and as often as possible pre®ge put forward
within PERSEUS, the paModeling / Simulation and Toolsis not neglected and will have to accompany thelavh
of the developments of each brick through the weritmpics: tool of trajectory of return of the vahi calculations of
behaviour of the tanks, validation of the Avionics.

These technologies pave the way to the DREAM-ONsimisand objectives and find their echoes, theiaression
through the different sub-demonstrators and dematoss.
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From technological bricks to the DREAM-ON demonstrator:
Several system demonstrators within PERSEUS arermly under study:

e R T it s On-board experiments (modular avionics, roll cantro
e """ parafoil ...) within rockets at C'Space to feed deselopment
,‘Largescammmrs ; of technologies transposable to the ASTREOS and ANRE
' ON demonstrator families
" Longem v A captive reusable biliquid first stage sub-demmaaist

(VTVL) called ROAR, whose small-scale precursorsnMi
APTERROS aiming at mastering the Guidance Navigatio
Control part should make their first flight testssummer 2023
and which will prefigure the capabilities and thght domain
of the ROAR demonstrator Nevertheless, before sagrgut
the captive flights of the ROAR demonstrator, tbige will
Figure 2 PERSEUS Core Prototyping Proje initially have vocation to demonstrate, throughtisttests, the
viability and the functionality of the propulsiveage scale 1:1
on the basis of the MINERVA Lox/Ethanol engine dheust of 5kN. These static tests will make itgibke
to support in part the design of the ASTREOS rocket
v The "ASTREOS" experimental rockets (evolution oé tSERA rockets) to confront the transonic and
supersonic regimes, essential stages mastereé fnaitmework of operational launchers, and to imgem
the bi-liquid propulsion prefiguring what will bee DREAM-ON demonstrator;
v The DREAM-ON challenge, whose objective is to deped reusable first stage demonstrator:
o 5 kms culmination
o dry mass of 50 kg
0 Lox/LCH4 engine propulsion of 500 daN thrust

C'SPACE ASTREOS ROAR DREAM ON

Different Hoyizons, Different Challenges, Different Opportunities

3.1 Mini-Apterros & Smartcatcher Status

The Mini-APTERROS project aims at setting up a fameéntal technological
brick necessary for the realization of a reusahleuid VTVL (Vertical
TakeOff Vertical Landing) first stage demonstratehich will prefigure the
rocket demonstrator of the DREAM-ON (Disruptive Rable Experimental
Advanced Methane Oxygen Nanolauncher) challengés €ement is the
control of the GNC (Guidance Navigation and Contrih a first step, the
objective is to work on the GNC by making an apglizn on a small scale
demonstrator, based on technologies from dronély emsessible to students
The Mini-APTERROS vehicle will therefore be of lawass (<10kg) and its
field of evolution will be that of an aviary in agdto guarantee the respect ¢~
the legislation and the safety of the operatorg Mimi-Apterros demonstrator Figure 5: Mini-Apterros Mission
is a reusable thrust vectoring stage model. Theicpéarity of the Mini-

Apterros is that it uses only an electric propuisto simulate a chemical propulsion (solid or l@jgropellants).
Currently, three institutions associated with tHeRBEUS project work on this sub-demonstrator: Unsite of
Rennes 1 (UR1), ENSEA Cergy and ENSAM Bordeaux. fleefirst use a classic GNC algorithm whereas|ase
on will rely on deep learning reinforcement.

3.1.1 Vehicle & Engine

This prototype of UR1 Mini-Apterros for example ch@ decomposed into several bodies; to simplifycijyeamic
model we will count two: the frame or main body dhe exit nozzle. These two bodies are in cardd@btie one with
respect to the other, the orientation of the noztarried out by two linear actuators. The Raa& been designed in
several parts to meet the needs in terms of spamgied by the various components necessary foopkeeation of
the demonstrator. In this respect, the Rack costairhe equipment part (the body) in charge of avnodating the
electrical and electronic components of the demmatwat as well as the air reserves of the anti-sgitem; The
propulsion/piloting part, accommodating the engiaet of the demonstrator (The upper part of tragstallows the
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Partie Equipements

Zjies

S

ij: Partie Pilotage/Propulsion

F 1%

Tripod

fixing of the motorization (turbines), the antidreystem and |
the mechanism of vectorization of the thrust (TVThis §
TVC will find its extension in future ASTREOS soungd |
rockets) - The tripod, linked to the propulsiongpithg part
of the frame, allows the contact with the grounthef Mini-
Apterros. The purpose of the Mini Apterros engisgesnbly
is to simulate a vectored thrust engine. It is cosegl of
several elements:

e The main casing which recovers the air pumped by |
turbines and gathers the 4 air flows in a single

Figure 7: Mini-
Apterros Prototype

» A junction piece which guides the flow to the otitl
nozzle in order to avoid creating a singularityhia flow
» The outlet nozzle, which can be oriented to vez#ori

Figure 6: Mini-Apterros  the thrust

Racl
The upper part of the propulsion casing meets airegpent of cancellation of the

gyroscopic effect due to the operation of the elettirbines, one will use for that two rotary timbs and 2 turbines
counter-rotating turbines. Moreover in order toagrany thrust other than in the axis of the engthe to the entry
of the air flow in the turbines) the sites of rettep of these turbines were placed by rotation@f&ound the central
axis of the casing.

3.1.2 GNC & Embedded Software

The main objective of the Mini-Apterros demonstrai® to develop a GNC research
platform, to investigate the efficiency of diffetanodern algorithms in the landing phase
of a reusable space launcher first stage. Among,ttiee Deep Reinforcement Learning
studied by ENSAM Bordeaux is a promising track Whie considered within PERSEUS
framework as a mid-long term technology to develogeed, among the many Machine
Learning algorithms that exist today, Deep Reirdonent Learning (DRL) is the most
used for the control of robots or mechatronic aysteThe principle and ingredients of

DRL are shown in figure below:
" Agen}

The agent is the neural network (NN). For
state and a reward given by the (rewar
given by the Environment, it chooses tH5 | &

state
"best" action to perform on the _::‘R . I‘
A Environment

Environment. The Environment is th
system controlled by the agent : it receive - _ o

Figure 9: Principle and
ingredients of DRL

an action At and it sends back to the agent
new state St+l, and the reward Rt+
associated to this new state. For the Mini-
APTERROS project, the Agent is the "trained nenslvork” computer program and the
Environment is the Mini-APTERROS vehicle equippsithvits sensors and actuators.

Figure 8: Mini-
Apterros ENSAM
Bordeaux (MAMB/

Besides the development of an operational vehibte following tasks regarding DRL GNC have beeneddaring

the project:

e The development of simulations of the two sub-destraors CartPole and Balancing Robot as well ad/imi-
APTERROS vehicle in several computing environmexrtd the DRL associated neural network control: the
CartPole (control of the simulated system and tael\ware system) and the Balancing Robot (contrahef
simulated system).

e Conclusive "1D flight" tests to launch/land thetieally guided vehicle, piloted :
o manually,
> by a simplified PID controller,
o finally by a PPO-type DRL network, trained on mgle simulator in the Gym environment.

These flights validated several important pointthefproject:
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» the effectiveness of the Mini-APTERROS vehicle stove designed and built to support the required
functionalities for the flight,

» the choice of the turbines and the power circuiicitieeds them (ESC & battery),

» the control of the turbines by PWM signal generdtedhe Arduino board in communication with the Baesrry
Pi board,

» the possibility of controlling by a PPO type neunatwork the take-off/landing of the vehicle forcedmove
vertically (one degree of freedom: vehicle altitude

The main advances expected in the Al field forrthgt months are :

»  Statistical processing of the PPO network trainagmwving to define and calculate a significant rieedf the
significant metric of the "quality” of the netwotitaining;

* the PPO network control of the Balancing Robot hearé demonstrator;

e the PPO network control of the Mini-APTERROS vediti 3D flight (simulated and real).

3.1.3 Smartcatcher

In parallel, the objective will also be to condustovery tests using a structure, tt
Smartcatcher, developed in collaboration with Aedforks. The SmartCatcher [9
is a project to design and build a mechatronic ¢aen demonstrator recoven
system for ArianeWorks. This scale 1:10 scale méawhpared to the full size one
foreseen for THEMIS) is already operational.

FigurelO: Smartcatcer concept

3.2 Roar Status featuring Minerva Test bench & Engie

The ROAR sub-demonstrator therefore has a doulézie:

* to ensure the static functional tests of the praipul system of the ASTREOS demonstrator by integgat
the flight tanks and by unfolding the flight sequerfirom a functional point of view

» following the Mini-Apterros sub-demonstrator debed above, to consolidate, implement and validate t
GNC, fundamental technological brick necessary e tealization of a reusable biliquid first stage
demonstrator, but at a scale quasi-representatittedREAM-ON VTVL demonstrator, since integrating
the flight tanks and the piloted engine, in ordeiptoduce a mission between two platforms with tiahi
vertical and horizontal displacements, initiallycaptive flight then in free flight

The ROAR vehicle will thus be rather simple in #suctural part since it is made up of tubes, thmainder
corresponding to the whole of the lines and theastoming to supply the tanks and the MINERVA angi

3.2.1 Minerva Test bench

Moving to the site of Roxel, ancient partner of FFEERJS to the site of Vernon ha
been a huge step for the Program in order to pssgmvards a biliquid vehicle.
In this respect, the update and redefinition oftieerva propulsion test bench ol
the Vernon plateau at PERSEUS’ partner ArianeGlagpbeen essential in order 1
carry out and operate soon the humerous cryogegine and stage tests. The te
bench will allow students to operate an engingauftO kN with propellants like
Ethanol, H202, Methane, Lox. After some receptasig (chill-down, pressurization
injection ...) already performethe bench is now ready for firing tests. : ‘
It should be noted that this bench will not onlyehailable to PERSEUS student F|gure 11: Minerva Test Bench
but will also be open to external entities undetaie conditions.

3.2.2 Minerva Engines development & status

From the use of ablative materials to the implemgmt of a regenerative cooling circuit and lateesectromotopump
engine different engine evolutionsare foreseen to tackle the challenge of the hiidigpropulsion. The development
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of these variants will obey to an incremental tetbgical rationale which will enable students amadeus project to
improve their knowledge and master of this chaliegdield. Conjointly of the use of impact injecsoon first engines,
one of potential key technologies for example fier ¥ TVL to embrace is the complex development oflpiinjectors.
These evolutions of the Minerva Rocket Engine fiéld the versions of the ASTREOS sounding rockeilfaand
also the DREAM ON rocket branch.

4 versions are currently studied:

v

v

v

v

The very short term ablative version ad&ESK for MINERVA Lox-Ethanol5kN [10] of thrust developed in
particular with Evering School (chamber body coniepand production) and Ecole Centrale Lyon (tiamsand
steady phases simulations through EcosimPro). sicksimpinging triplet injectors (F-O-F) were dgséd in
order to atomize the fuel and oxidant mixture thamber insulated with ablative protection. The ftw of the

7 injectors was defined in order to have a 5 kNirmghrust. The estimated chamber pressure is fixeld bar
and the combustion time is 20 s. The estimateieffay is 0.95 for a vacuum ISP of 295T&is version will be
tested in June 2022A lighter ablative version is planned at the eh@@22 including impact or pintle injectors
studied at Ensam Lille and Aix en Provence.

A pressure regulated regenerative cooled enginelyndéveloped inside Ecole Centrale Lyon and EQwatrale
Paris and involving also Polytech’Orléans for tbaaeption of an igniter and the associated testhéerhis mid-
term engine evolution will be embarked within ASTRE 2 or 3. A first prototype is deemed to be awdda
beginning of 2023.

A electromotopump Lox-Ethanol mid/long term engitledivering 10 kN thrust and 40 bars in the chamtedyjng
on the studies performed both by ENSTA Paris ar@giAIBtudent association Innovative Propulsion Latooya
(IPL) regarding the Ethanol and Lox (50, 000 rptectopumps [11]

Called Mini-Viserion [12], this mid-term LOX/CH4 oket engine with a nominal thrust of 5kN is entirel
designed by the IPL teams. This project involvesdhsign of a pintle-type injection system andgenerative
cycle combustion chamber. But it also involvesdlsign of a thrust recovery device allowing TVC arghtented
adaptive divergent nozzle with its deployment syste

A

\

\

(Yisd
/ ’ 2
/// " m e
S = PERSEUS

Figure 12: Minerva different engines version

Another short term major upgrade envisaged foibitiguid propulsion work within the PERSEUS projéstto
switch from the liquid Oxygen to H202.

3.2.3 Battleship status

Based partially on the work performed at INSA Rosi@te 2016 with the incremental conception andayepent of
a water pressurization test bench permitting taiate and validate some functions and technicacelspthe purpose
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of the building of the Battleship a
Vernon is to be in position to test an
validate the functional behavior o
the propulsive assembly o
ASTREOS 1 in an incremental way
The materials making up the stag
will be available at very different
times: the "Battleship" structure will
allow to support the elements of th
stage independently from eac
other; the test plan will have to b
adapted to the

available materials in  Figure 14: ROAR
order to carry out the battleship
possible validations as soon as possible. Theitsrofithe propulsion system are cu
into several sub-circuits (called "configurationA configuration represents a set «

(

Figure 13: INSA Rouen Pressurization Test bencHufion

battleship structure so that the sum of the conditions gives us at the end the Flig|
configuration. Thus in spite of a cutting of theccit and more numerous tests, th
successive incrementation does not lose much efiigi to these functional tests
Therefore, here again, the tests will evolve grdgudeginning with a GN2
configuration First battleship tests will occur in June 2022

3.3 ASTREOS 1 in short
3.3.1 Missions objectives and major specifications

ASTREOS-1 is a single-stage rocket, propelled by t-
MLES5K-V1 ablative engine of 5 kN thrust developedpart
of the MINERVA sub-demonstrator. The propulsionteys
is based on an on-board pressurization of the t@hessure-
Fed). Apart the cryotechnic rocket engine, the dlehi
architecture includes two cryotechnics tanks, onighH
Pressure GMN capacity for LOx and Ethanol tanl
pressurization. The overall length is above 6 nafoexternal
diameter (excluding pipes/housings) of 250 mm andtal =
dry-mass of 120 Kgs. 4 fins will equip ASTREOS *bo ] === egatons
booster and active control system are foresedrisrvehicle, — ensine sav @ i

Ground Segment

Fairing

Monitoring, Control
& Simulation Facility

Electrical Power
Distribution Facility

Tank Ba
¥ Fluidic Distribution

Facility

Figure 15: ASTREOS 1 Overview

3.3.2 Propulsion Bay
3.3.2.1 Engine Bay

The propulsion system is based on the MLE5K onligist ablative
version presented in the previous lines. In pdrahe aft-bay assembly,
including engine thrust frame, has been studie&dnle Centrale Lyon
and through an internship.

Figure 16: ASTREQOS 1 Aft and Engine Bay

[ —
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3.3.2.2 Tanks Bay

The 2 structural tanks will be in welded aluminuon f
the Lox part (developed by SDMS) and in compos
with carbon fiber around an aluminum liner for tr 4=
Ethanol part. This last patented one has be &

developed through
PERSEUS by CMP Composites [13].
implementation of a dedicated system to insul{s
the Lox tank has been studied by CTI Ingenieikg
and University of Technology of Troyes and is stj
under consideration for ASTREOS 1. Th
Pressurization will be ensured through the Hit
Pressure Capacity manufactured by Mahytec.

Figure 17: ASTREOS 1 Tanks Bay

3.3.2 Structures

The skirt (250mm) will be realized in 3D printethtiium as it has been on the SERA 4 rocket. Aispalso dedicated
to a 0.5kg payload under the nosecone. If the jotgnallows it, the objective is also to embark Hiedegradable
fairing currently developed by ENSAM Angers.

3.3.3 Flight Control Bay: Avionics & GNC

The avionics domain meets a set of objectives aisdioms:
» Restore the trajectory and the flight environment
e Continuously measure the state of the propulsistesy
* To ensure the neutralization of the demonstratnedessary
* To allow the recovery of the demonstrator
* Guarantee a bidirectional communication with theugid segment

In order to fulfill these missions, the avionics/bdeen divided into thematic products that resgorzhe or several
main functions. The logic of this division can leaifd in the following 9 products for ASTREOS-1 [14]
«  Central system or On-Board Computer (OBC N %
* Guidance, Navigation and Control System g ] | e, [ ”g“““ui: et dg:(ﬁ;;f;fuﬁ;ii:fi e |
(GNC) S
* Measurement and control systems
e Timecode system
* Sequencer
»  Power distribution system
« Communication system
* Video system

* Recovery system %

Figure 18: ASTREOS 1 Avionics

1* 1+
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1 1
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iestre. 5
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These products include Telemetry at 2,28GHz wipPEEK modulation compatible of professional launitd such
as Kiruna in Sweden or Kourou in French Guyanaaaset of ground installation in order to checkrieket behavior
during the chronology, including the hot count dowlrhe On-board real-time guidance & control trajegt
optimization is also part of the current developtfenASTREOS.

The rocket currently considered in the developneétiis system is the ASTREOS-1 rocket, but in otddacilitate
the technological bricks to come, in particulaatet! to GNC, such as the vector thrust controherdescent under
parafoil, the OBC, as the heart of Avionics, mustrbodular and evolutive. It will therefore be pbssito easily

[ —
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modify and adapt the OBC on the next ASTREOS deimatoss up to DREAM ON with an increase in the nemb
and complexity of critical functions that will reige potential redundancy.

This logic has already been successfully initimiedhe SERA IV demonstrator, with an OBC entireglized for the
first time in-house by the PERSEUS project. Numsrtechnological bricks have thus been developed thm
ASTREOS demonstrator takes this strategy muchédurthith a search for innovation and technologardierence.

Thus, many outdated orientations and obsolete tdabies are questioned and replaced. For examgmieer than
resorting to specific electronic board designs,chtdre expensive and not very scalable, it is predieto use generic
COTS that are easily accessible and adaptable.

In the same way, rather than using a set of he¢eegus
protocols, with specific limitations (throughpuigsal
attenuation, peer-to-peer cabling...), it is pnefdrto
globally deploy a single critical real-time Etherne?
protocol in order to get rid of the numerous lirigas . B >
identified on the previous demonstrators. Thus ey

archlt_ecture has the advantage that students ily e Figure 19: ASTREOS 1 Raspberry Pi4 and Pi0
contribute and can propose evolution.

3.3.4 Separation and Recovery device

The approach pursued by University of Rennes 1 QIWBMECA St-Ouen was to design a
system close to that of the SERA rockets by redwdirin a new way the operation of the
separation. The ring in the center of the systevntpithanks to a gear and releases the upper
ring which is ejected by the springs, allowing fre@achute to go out, to open and to and slow
down the fall of the rocket. The upper ring is eltied to the lower ring to the lower ring by
means of the hooks and ball bearings. It is whenhtboks are no longer in contact with the
bearings that the separation takes place.

Figure 20:
AsquEOS 1 The development of this system lied on the possésibrought by the « Model Based System

Engineering » (MBSE). It was the first iterationtoé MBSE tool around ASTREOS/DREAM-
On development.

Separation and
recovery device

3.3.5 Ground Segment

The ramp which is currently under development jiiljbe completely /‘/T; Z
dismantlable allowing flexibility and will be stateat Ariane Group _,‘(TT' Sl
Vernon in a dedicated PERSEUS test area. It willude a part of the o =\ A A
servitudes. With a length of 12m in order to redlch aerodynamic L "‘:%;: \

|

stability of the rocket in exit, this ramp, entirghodular, will make it

possible to guide launchers of a diameter fromt3b0mm being able 1 ‘ | | |
to go until 300Kg of empty mass. In development foyear, many = 28 JL
. — students and trainees (ESTACA,
Technological Universities of Compiégne Figure 21: PERSEUS Ramp

Belfort, Troyes, EIGSI) have participated ar...
still participate in the system studies and quaifion of the subsystems. The ramp is
currently being installed, the first tests coordénbby the PERSEUS ground segment being

expected during the summer with the mechanical {
campaign. The combined tests in conjunction wigh {
onboard team are expected for the end of 202
- beginning of 2023 for an operational deployment e \";

- =l Sweden in 2024 for the flight of ASTREOS 1. At tH
Figure 22: Ramp same time, the development of a kart aiming
deployment at transport the rocket from the integration sitefte t

Vernon ramp is underway. Figure 23: PERSEUS Kart
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3.4 DREAM-ON: conceptual design

Aside the activities pursued through ASTREOS dgwualent, some concepts and options have been expiooeder

to fulfill the missions of DREAM-ON. DREAM-ON singl Minerva engine main demonstration flight missions
foreseen in a VTVL configuration are: “Hop missirisis envisioned to conduct a set of “step spstqualifications
flights by increasing gradually the altitude reathg the vehicle. A hop test consists in a vertiifabff, a hovering
phase, and a vertical landing at the same locatighput engine cut-off. The Vehicle shall be atudift-off from its
legs and land on its own legs. No translatiorhefuehicle during flight is foreseen.

The “Hop missions” will be a cornerstone for théufie evolutions of DREAM-ON whatever its missionsdesign.
Indeed, a multi-engines version could be consideggdiring the study of a solution of stabilizatiand piloting by
grids in descending phase of DREAM-ON demonstraofirst
reflection was carried out on the various poss#méutions of
stabilization and piloting within the framework afreturn to the
ground of the Toss Back type. It was found thatyhé system, or
cellular  ailerons, have the best compromise of
controllability/actuator power required, even thbupey present

a certain complexity in terms of aerodynamics.

Figure 24: DREAM-ON Extended Concept
In parallel with the theoretical study and simuas, the team has

begun the mechanical design of a scale model Wwithaim of an
eventual flight test. The proposed experiment igdie@ase under
balloon a demonstrator equipped with this pilotileyice and to test
its ability to respond to commands. This experinanting at a test
within the framework of C'Space, it was judged tomplicated from
a flight safeguard point of view to carry it outdam acceptable
conditions. The students plan to make tests in windel of reduced

scale models in order to feed the numerical siradanodels. Figure 25: Grid Fins Systems Concept

The design of DREAM-ON also raises the questiothefdimensioning of a high speed
braking solution (still subsonic). This study isl ley Supaero. This type of parachute
was, at the base, imagined for a braking solutithimthe framework of a demonstrator
of piloting by grids, requiring a high speed oflfahd ending by a recovery under
parachute.

The team has previously studied two high speedcpata solutions:

. The hemispherical "ribbon" parachute

. The ballute (contraction of balloon-parachute)

These two solutions bring various characteristiceerms of braking capacity, behavior
at opening, stability after opening and limit speeSlome calculations of dimensioning
were carried out on the system of hooking in theket This study constitutes a first
approach and will be resumed next year to go fuithéhe concepts and to think about
characterization tests.

Figure 26: Ballute and
hemispherical Systems
Concept

Data issued from these two previous systems prapasd simulations will feed the
current development of a novel trajectory simulabodeed, the concern of the different
existing trajectory simulation solutions is thatyhonly allow the calculation of
"classical" sounding rocket missions, without tlesgbility of estimating the descent trajectori¢tseo than under a
classical parachute. However, it is planned foREAM-ON family to be able to experiment with @ifent recovery
approaches with a view to reuse, including the destanding one which is the TossBack (or VTVL tr&jey) with

a re-ignition phase of the propellant with a viewbtaking and landing. The Supaero students harefidre proposed
to develop a new trajectory simulator, combinedhvétflight plan optimizer, allowing to estimate thehievable
performances with a given launcher configuratiancanversely to calculate the quantities of prapehl needed for
the up and down phases for a given performancé&sfdpproach consisted in writing the flight ameh@gation laws
in 1D and integrating the first flight plan optiratzon algorithms. The first results seem to besfattory, although
the aero models are still relatively simplified. kW@n the 2D simulation has been started but tbgpt could not go
any further this year and will be resumed next yeaontinue it. The structure of the program islar and planned
to be evolutive in order to add behavior laws, niedetc. Besides VTVL option, the descent undeafod will be
also considered. In this perspective, this simuletald also take benefit of the results of theRRBcket of ISS from
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IPSA [16] which will be launched during the C’Spamampaign in Summer 2022. This launch will congtita first
attempt of this complex technology within PERSEW&gpam. This first experimentation should allowansposition
to a like-ASTREOS 1 rocket.

Even if other studies are considered for DREAM-QNach the landing legs solution for example aridoeipursued,
the priority is put today on ASTREOS 1 in ordeb®in time for a flight in 2024.

4 Organization
“The measure of who we are is what we do with wiehave”Vince Lombardi

As the space sector is going through a rapid elolugn acceleration of the pace of innovationgapansion of
entrepreneurial ecosystems from upstream to doeanstiand the emergence of new players, it is impbaguestion
of accompanying this movement while also evolvinighva cultural shift to be set up through more dyiea
organizations. Innovation as well as creativity barnchaotic. That's why they require discipline amanagement.

Sharing unifying, core values and common principléh all actors of academic world and industredm is a major
comnanent of Perseus Rroaram:

= Around passion and enthousiam, the objective &t@s an

I\ integrated t ing direct icatimbe
AN grated team, encouraging direct communicateiween

all members, allowing each team member to leaow@nd
develop over the course of the program. As a team,
cornerstone is to trust oneself and trust eachrahd not
blame each other - look for constructive ways t&athings
right when things go wrong. To progress on our
demonstrators, while promoting and stimulating wat@n,
often the adaptation of existing solutions canlitate the
decision by minimizing the risks The
The motto is to follow its intuition, make collatadive
decisions and dare in order to go together futtiheuccess,

»Trust Each Other to serendipity and beyond.
Always have a "Can Do" attitude
Ruk Tohig = B@ Open to new ideas

Be transparent’s o . .
curosty TeamWork project platform (3P) located in the CNES headararat

FR Pidness Paris, Les Halles. The project platform has a spac¢he

integration of mechanical and electronic parts. T3

consists in a fully integrated project team witteatain level

of freedom and flexibility, and the support of dkars,

. ) specialists and experts from CNES, Industries such

Figure 27: PERSEUS Core Values ArianeGroup, SMEs enabling hence the overall cawartitin

and synthesis level of the Program. Indeed, onghef

guidelines of PERSEUS, in addition to the studeufits are at the heart of the program, is also totifjeand highlight

SMEs that could bring added value to the programudh a particular technology for example. Thizigdtence

allows to adequately steer design choices and se@ihal technology paths. The mindset is simitgralthough not

identical, what has been successfully implementetthé US industry for tackling demanding aerospatlenges,
such as the Lockheed Martin Skunkworks or the Bp&hantom Works.

:§
3
3
!
;

The organization of the program also relies oretitablishment of the “Talkspirit” collaborative fitam which allows
participants in the program to ask questions, shhe& progress, capitalize their work through thedicated
documentation, be aware of the latest activitiePBERSEUS but also those of CNES in general andtbag@ogress
of the Project. In fact, the teachers in universibd the lead students in association are invibettansmit their
knowledge to the new generation in order to pragoesthe demonstration realizations rather thamirsggfrom zero
each year!...and the Talkspirit collaborative mlati is an excellent mean for that purpose. An ahseminar is also
held in winter, where all the students are inviteg@resent their own work (oral and poster formshte industrial and
scientific community.

The PERSEUS program is organized around the Perseus
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The will of the PERSEUS project team is to impletreework
logic that is notably compatible with the main astof the
project, the students, their calendar rhythm, thkiis...

Combine Design Thinking, Lean Startup and Agile

In this sense, in terms of Program management, kaichy
combination and contextualized application of Dasi
Thinking, Lean Startup and Agile (DTLSA) approacheslid
constitute an appropriate response to the atypicafi the
PERSEUS project. It is a long term process as fita Customer PROBLEM _
implementation is concerned. ' s o

Figure 8: DTLSA
A relevance

The classical V approach to development is notlyotalapted to PERSEUS. PERSEUS presents partitetathat
make the adapted and complementary applicationT&fd2 approaches relevant; PERSEUS Program camaige |
specificities which call for this kind of adaptetbBram management methodology:

* Project driven by the student schedule and costse rihan by technical excellence because the tefivi
focus on the development of experimental demomsat

e Student activities: the rhythm of the activities rnswinly based on the school year and the students'
willingness/availability

* Technical expression of the needs is multiformmtyithe project

* No definitive specifications but an evolving spezifion linked to the demonstrations to be impletedn

* Willingness to start test/learn/improve cycles veuckly

* No extreme optimization of the product but an otiyecof gaining experience to cover a wide spectnfm
functionalities and technological bricks

*  Application of products and evaluation of soluti@@asnajor challenges

* Rapid and low-cost development for demonstrators

*  Ambitious goals that call for new solutions andawative technologies

* Continuously adapt the work plan with proper riskmagement to match the final demonstration objectiv

A theoretical basis

In the ideation phase, Design Thinking brings ghtithe needs not satisfied by existing soluti@esign Thinking
generates an idea and hypotheses. Lean Startugatesi and adjusts the proposed solutions, whileAttite
frameworks (Scrum, Kanban ...) materialize thenhnézally. The Icescrum tool is used within PERSEA$Swvell as
Program Increments milestones The so-called "SAREation of Agile approaches has been practiceddme time
in our immediate environment and is adapted toemgiineering culture. As mentioned in the introductithe Space
Transportation Directorate's desire is to instigatd participate in new organizational modes tgare for future
launchers. It is this basis that is used to detfirePERSEUS project framework that allows the aegdion to turn
towards action. Indeed, it seems essential thrasigh Perseus, as a platform of innovations, tkenstudents aware
of the innovative project management methods pte®elay in the industrial world. The complementawif the
approaches favors innovation in its entirety, tigtoaut the project.

A running-in period

The implementation will take place throughout tleary in line with the rhythms and constraints &f shudent world,
which will not prevent us from continuing to addpese approaches in a continuous improvement oces

These three approaches are therefore implementbuhwie PERSEUS project in order to bring adapteléyvant and
innovative answers to the problems and challenglesrént to the demonstrators to be implementegyrbtptyping
and testing MVPs or POCs rapidly (which by the veangwers to the need expressed by the studentsdblbédo
achieve concrete but ambitious experiences at nldeoé the school year), through an iterative Agivelopment
(Scrum, Kanban...), to test the ideas resultinghfidesign Thinking, validate the concepts retainadl thus progress
towards the challenge of reuse and eco-design.
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5. Conclusion

Space remains an immense field of scientific exgilon and this is all the more marked today wherctirrent period
is conducive to a new boom, driven by scientifitategic and economic ambitions. In this constaetiplving
environment, the ambition of the PERSEUS prograamtef the CNES Space Transportation Directoratgetteer
with the supervisors and volunteers, actors suckriameGroup, SMEs and start-ups, is to encouraigebubbling up
by placing the world of students and researchehguart of the process and activity in order tgare the future of
European space transportation, the next generatigenerations of launchers. For Preparing theréualso means
encouraging students to embrace careers in spaténgrthem actors of the adventure and dream afespg

* encouraging the proliferation and exchange of rieas from the fertile ground of the academic woridll
components of space transportation beyond laurstie s\

e stimulating innovation, co-creation and developmeifit breakthrough solutions or technologies that
encourage experimentation

* imagining new concepts for space transportatiotesys, including environmental and climate consitiena

« and thus giving the keys to a better understandinthe professions and the challenges of spacdewhi
facilitating an entrepreneurial impetus

Carried by the experiments implemented and the detrators developed since 2005, PERSEUS programovéng
forward towards the challenge of the bi-liquid dinel reuse through the ASTREOS and DREAM-ON veliaidlies.
Through these ambitious projects, CNES and PERSW®ISB to prepare students to bring an answer tarthpr
stakes of the 21st century, so that they can bekg&ys of change to reinvent the space of tomorrow
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Acronyms

3P : Plateau Projet PERSEUS

APTERROS : Advanced Propulsion TEchnology for Reusable Roakett Operating System
ARES : Advanced Rocket for Experimental Studies

ASTREOS: Ares Supersonic for Technologic Researches in BthArygen System
DREAM-ON': Disruptive Reusable Experimental Advanced Metharggen Nanolauncher
GNC: Guidance Navigation Control

MINERVA : Moteur INnovant Experimental pour les Recherchades Véhicules Aérospatiaux
MLE : Minerva LOX Ethanol

PERSEUS: Projet Etudiant de Recherche Spatiale Européevelsitaire et Scientifique
POC : Proof of Concept

PPO : Proximal Policy Optimization

ROAR : Reusable Oxygen ethAnol/methAne Rocket

SERA : Supersonic European Rocket ARES

RSS: Release and Separation System (DSL in French)

TVC: Thrust Vectoring Control

VTVL: Vertical take-Off Vertical Landing



