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Abstract

Following the Global Exploration Roadmap definedtbhy International Space Exploration Coordinaticoup,
ISECG, the Spaceship FR team at CNES, the FrenaeheSfAgency, wishes to contribute to the developneént
technologies extending human reach toward spadeblyofor the development of habitats, first on Meon and
then transposed on the Mars surface. The Mooned as a test bench for future bases on Mars. Thetpnal
concept takes into account the long distance betwsses and Earth. On the one hand, the operatiods
sustainability of such structures in stressful atioh conditions constitute a high level technotagiand human
challenge. To relieve the high mental load of theamauts, the solution could be an artificial liigence assistant
that would supervise the automation of the basaels as monitor and maintain the mental health taf trew
through a cognitive approach of human-computeraatéon. On the other hand, habitats will be redulshabited
and real time operations are impossible due tohilgh distance from the Earth control centers. Tleatls to
redefining the command and control concepts andstearing most of the actual control center tasksanh
autonomous digital supervisor that will command eadtrol all the habitat systems.

Al4U, developed by Spaceship FR, is the systerheattossroad between computer sciences and huictansfa
aspiring to take on the task. Besides its orgaiozeand automation skills, this artificial intelégce interacts with
the astronauts with an intuitive and natural irete€f. It can support their work and leisure actegitiwith a
sympathetic approach, recognizing their currenttalestate by using face and voice recognition. Aidlthe entry
door to the operational systems. It can manage Isaki-systems tasks and discharge the crew froin hetsvities.
It gathers the systems’ information and displaysntho the crew and Earth control centers. It alsecetes and
distributes commands from the crew and Earth coogmuters.

This paper will present the new concepts of commemdi control adapted to the Moon and Mars habitatd,
how Al4U will interact with the different systems order to increase the autonomy level of operatanmd become a
real astronaut assistant.

Keywords: Spaceship FR, Al4U, Autonomous Supervision, Argi¢ntelligence, Astronaut Assistant.

Acronyms/Abbreviations
Al Artificial Intelligence
Al4U Artificial Intelligence for you
API Application Programming Interface
ASR Automatic Speech Recognition
CNES Centre Nationale d’Etudes Spatiales (Frenat&pgency)
E3P European Exploration Envelope Programme (Txorze)
EDF Electricité de France (French national enemypany
ESA European Space Agency
ExPeRT Exploration Preparation Research and Teogdleam
GER Global Exploration Roadmap
HAB Habitat (of MDRS facilities)
ISAE Institut Supérieur de I'’Aéronautique et desfface (Higher Institute of Aeronautics and Space)
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ISECG International Space Exploration CoordinatBmoup
ISRU In Situ Resource Utilization

ISS International Space Station

MDR Mars Desert Research Station

ML Machine Learning

NASA National Aeronautics and Space Administration
NLI Natural Language Interpretation

R&T Research and Technology

RAM Repair and Maintenance Module

SSH Secure Shell

usocC User Support and Operation Centers

1. Introduction, context and problematic
Humanity is getting ready to go back to the Mood ase it as a testbed for future travels to Malsesg goals

have been listed by the International Space ExptoraGroup (ISECG) in the Global Exploration Roa¢m&ER)
in 2018 [1].

2020

MARS ORBIT M
B . Mars
10 THE MOON Transportation
Capabilities
LUNAR SURFACE  Hobotic Resource Prospecting Missions
LUNAR ORBIT e
IN LEO !

- - i
= < Deep Space Gateway Gateway Moon and Mars Mission Support Operations
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Commercial |
Orion | Transportation | Russian Crew
WandSLS || Systems . Transportation System

International Space Station
China Space Station
Fulure Platforms

Fig. 1: The GER 2018. Credit: ISECG [1].

The GER identifies the 47 technological bricks -e s&ppendix A - that are currently unavailable or
underdeveloped but that are critical for the sus@dghe missions. The European Space Agency (B8An place
the ExPeRT program to work on Space Exploratiodifferent domains [2]. One of its initiatives isetlSpaceship
network. The goal is to work on innovative solugdor human space exploration.
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Fig. 2: The three Spaceships uhder t.he Europealoitipn Envelope Programme (E3P) [3].
After the creation of Spaceship EAC [4] and SpaipeBICSAT, [5], the French Space Agency, Centre dvet
des Etudes Spatiales (CNES), decided to creat8pgheeship FR project [6][7] in 2018 to contribudelie common
effort and work on 27 of the critical technologi@slered in 7 categories, which include “Digital égpervision”.

Through collaboration with industry and academi&/uiding student activities, internships and prigeSpaceship
FR carries this mission to “Inspire, federate amgp®rt”.

1.1 Problematic

In the International Space Station (ISS), astronauné assisted by different Control Centers and Ss@port
and Operation Centers (USOC) with nearly instamhmonication via a satellite network. The controhtegs
command and control the different systems of IS8&tiooously. And they give procedures for the mudtip
experiments and operational activities that theoasuts on the ISS perform and can support the evighv any
problem, either medical or technical. For futuremgions on the Moon, the delay of communicatioh already
increase to 2.7s, which stays manageable, eveasa af emergencies. The Moon is also consideree # testbed
for Mars, and on Mars things will start to be diffit. The delay of communication with Mars can gota 42 min
for a round-trip exchange which would be a reaktcommunication impossible.

The big communication delay with Earth will implget role of the control centers will change. The swnd
and control will not be performed in real time. Timeans astronauts and systems to be more autosor©oe
solution is to transfer the knowledge and the wofkhe control centers in the Mars base. Thanksomputer
technologies, we can imagine expert systems tostfige crew to supervise the base and suppodpbkeations.

Step 1 : Miniturization
Step 2 : POC! on the Moon

Step 3 : preparing Mars

Step 4 : Mars International
Outpost

Fig. 3: control centre knowledge and operationssfex strategy.
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Importantly, the difficult isolation conditions nfig lead to stress and mental load, which can affeet
physiological and mental health, and behavior efdtew [8]. To decrease the risk on these scopgisaldsolutions
could support the astronaut during his work andiglie pleasant company during his leisure and nest.t

1.2 Virtual assistants

A virtual assistant could be a solution to thesebfams. A virtual assistant is a software basedAdificial
Intelligence (Al) able to converse with the usemptovide a service. Indeed, in the last few yeamgltiple virtual
assistants have been developed and are used gabyntpanies, websites, and families in their horiiés.can cite
as an example Siri developed by Apple and IBM Waisd2010, then Windows and Amazon followed in 20dth
respectfully Cortana and Alexa, and then Googlastast in 2016. In February 2022, Alexa has evesited space
for the first time and is going back to the Moorhathe first launch for Artemis in September 202 [

But she was not the first Earth virtual assistangét there, IBM Watson was sent in 2018 with tbgistiant for
astronauts CIMON, developed in cooperation withthdR, Airbus and IBM [10]. Otherwise, the idea ofa@botic
assistant already appears many times, especiaigiamce-fiction with, to cite a few, Jarvis, thery helpful Iron-
Man butler, TARS and CASE in Interstellar, and etk 9000 from 2001: A Space Odyssey. NASA tookthis
idea in 2000, by imagining the first of the kindetPersonal Satellite Assistant (PSA) [11]. Japatheir side sent
Kirobo to the ISS [12] in 2013 and Int-Ball [13] 2017.

2014: Cortana 2016: Google

2001: PSA @ O and Alexa @l ., assistant
2017: Int- \: 2022:

0—1———.—._ .- o—p
2010: Sm 3
and IBM &
Watson
ball  2018: CIMON Alexain

2013: Kirobo Space

Fig. 4: Virtual assistants developed for spaceiaeafibns.

2. Al4U to assist the astronauts
In 2022, the Spaceship FR team imagined Al4U, tairassistant to support astronauts on their gyto the
Moon and Mars.

Fig. 5: Al4U avatar.

The main functionalities to be developed are:

- Supervising autonomously the habitat, especiallievimg the astronauts from repetitive and unpleasa
tasks;

- Supporting the operations, optimizing them andéasing the efficiency while also enhancing the tsew
autonomy from the Earth;

- Supporting the mission by feeding a knowledge degtaland developing its skills;

- Supporting the astronaut being a companion and umteomeasure against the stressful and isolative
conditions of space settlement.
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Fig. 6: Interfaces of Al4U with its environment.

Control center

Spoon company developed the first terrestrial earsif Al4U in 2022 for CNES to interact with studerand
present topics relative to the space domain. Thim skll of the digital entity is to mimic human erions to
facilitate communication.

The Spaceship France project has based the devetdphAl4U on this skill with the objective of eveially
providing a virtual crewmember.

2.1 Al4 for supervising autonomously the habitat

As planned in the GER [1], the future Moon and Maabitats will be as autonomous as possible withoard
systems monitoring and controlling functions focteaubsystem.

* Power: Battery state and charge, solar panels gutpelligent power distribution.

e Life support: Temperature, air composition, waderd gas storage, waste management.

« Greenhouse: Food production monitoring, storaggitimn management.

¢« Home appliances: Light, kitchen, bathroom, laundtganing station, etc.

* Leisure systems: Music, television, e-books, wotkoachines, etc.

¢ Maintenance of the habitat subsystems: schedulpgir guides, replacement parts storage, etc.

The functions automatically controlling these swdbsyns will be connected to Al4U through Application
Programming Interfaces (API). It will allow the esmtauts to access the information that they proasleell as give
commands through voice, touch, or gesture thanisl4t)’s interface anywhere in the habitat. Indeigédiould be
present on multiple supports in every room of thbitat:

¢ On screens, with a camera and microphone on thlestation;

¢ Inthe kitchen and leisure room, with the microplh@md cameras that can be turned on with a keyword,;

« In the bathroom and personal quarters, only withiccophone that can also be turned on only on r&gte
respect the astronauts’ privacy;

In personal quarters, each astronaut could hae& dqp leisure activities on which they can alsweéhaccess
to Al4U.

Besides the indoor systems, it could also havesact® the outdoor sensors used for example to aspese
weather (e.g. sand storms on Mars, solar flared)tlam status of the In Situ Resource UtilizatiocbRU) system for
monitoring and control. Al4U would be able to penfosimple maintenance tasks.
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2.2 Al4U for supporting the operations
For the habitat maintenance tasks that automatictitns cannot perform without the astronaut’s tngu4U
would establish a schedule for the crew. Combinetth whe work activities schedule, Al4U will be abte
reschedule in the event of an unforeseen activith s an urgent repair or for the good mentalpgdmdical health
of the astronauts. If there is an urgent repashduld also warn the crew instantaneously usiegtitording signals
and after running the diagnostic provide advicedauoice, and operation procedures on how to hahdlsituation.
While performing the operations, Al4U would offesséstance in reading procedures and completing the
astronaut’s logbook. It would use its emotionallskio detect if the astronaut needs help and sitggjeing more
explanations. Al4U would also perform some operatiotasks in parallel with the astronaut’s actestiin
coordination with the crew.

2.3 Al4 for supporting the mission

Currently, the different ISS ground control centrage responsible for numerous experiments running
simultaneously. They elaborate procedures anditigifor the astronauts and then provide suppothéon during
the experiments. Communications, monitoring androbean be done in (quasi) real time with the ISS.

It is reasonable to assess that the number of iexpets will not decrease on the Moon and on MaexaBse of
the distance, especially for Mars, a real-time sups impossible. The solution is using computshinologies to
“miniaturize” these control centres and to transfieir knowledge and control activities in the habi

Al4U could take on this role, using the documenptarovided to coordinate the mission, the openatiend run
the experiments. For that, Al4U would have access knowledge database. This knowledge will be titomsd by
the information related to:

» General knowledge and cultural references;

* The mission database, containing all the parametedsdata to build the operational procedures &ed t

automatic activities;

» The operational database, containing all the paenfhi@and data used to read and exploit the datected

during operations;

* The data prepared on Earth, and then augmentelii thg alata gathered during the mission;

* The data provided by different expert systemstliieehabitat supervision;

» The computer tools, to make calculations, summanmespredictions;

* The crewmembers, to interact in the right way veitleryone.

2.4 Al4U for supporting the astronaut
Al4U is an emotional metabot acting as an interfaeiveen the astronauts and their environmentt, Riris a
character with a look, a voice, mannerisms, a peigty, and a story all designed for it to fit agllvas possible in
the astronauts’ team. This digital entity can belided on multiple supports. A touch screen, a apbione, and a
camera constitute the interface with which astrem@an communicate. In order to interact with asirdgs, Al4U
uses multiple Al technologies combined with a mptrone and a camera:
* An Automatic Speech Recognition (ASR) that allotvitransform astronaut’s words into text in aunak
language;
* A Natural Language Interpretation (NLI) to undemstahe intent of the astronaut based on machimailea
(ML);
* A speech synthesis to be able to answer accordingly
* A human face recognition to be able to detect hureard mimic facial expressions in order to execate
verbal communications (inspired by large mammaitraction codes).

For Al4U to be able to help the crew in the halstgtervision and their work, it must be trusted apgreciated,
even more, to fulfill its companion role. For thatmust become a real character with a story apdraonality. A
character design approach, similar to what is usdittion writing for books, movies, or video gameserved as a
basis for defining Al4U’s story and personality.

Besides the core principles of helpfulness, trustiwoess, and humility, it will also display diffamt traits of
character. It will have some humor, which makeaadtre entertaining and is also considered as a pfaritelligence
if used at appropriate moments, and at some tioc@sgeven show enviousness or a lack of tact. Indeedans are
not perfect creatures, and it is easier to getla¢td to a character that displays some weaknddsegver, Al4U
will not try to pass as a human to avoid any “umgawnalley effect” [14], an eerie unease feelingtthamans can
experience when something, a robot for example aHasgman-like appearance. Its look is very robasievell as its
voice.
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Besides, it is “aware” of its difference and evehitaconscious about it. For example, it might eggrot being
able to eat any of the delicious space food, andxXpyessing that bringing some comic relief. Howeitemust be
professional and will display the different persidgaraits based on the situations, with differeqterative modes
for work and for leisure. It also has cursors fdfedlent emotions and inclinations based on ciraadtycles, the

moods of the crew and the events of the day.
0

ADD BANG 0% SPIKE 40 % ADD BANG

Potential

Fig. 7: Cursors for Al4U’s hormonal levels.

These feelings and personality traits can be seahd facial expressions of the character, itsugestand of
course in conversation with the tone of its voicdt® choice of words. Besides, as it gets to kribev astronauts
better, its conversation style could evolve fronitpand professional to less formal and friendlier

Content Bored Grumpy

Fig. 8: Examples of Al4U expressions.
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3. Afirst version for an analog mission

A student team from SUPAERO engineering school BSAoulouse, France) will execute a 4-week analog
mission in MDRS facilities in February 2023. Thaaswvthe opportunity for a first test of Al4U in opgonal
conditions.

Another student team of SUPAERO school has devdltwe operational scenarios for Al4U:

¢ Simulate the triggering of an alarm linked to thalfonction of a module element to train the MDR&nbeto

react in the event of an emergency,
* Facilitate data retrieval from environmental seegorallow initial monitoring of the base.

Fig. 9: MDRS facilities.

This simple first implementation and deploymentA®U in an operational context gives us the opputjuto
understand the difficulties of implementation am#@tional use, to list the improvements to be ntadbe system
and to define the development priorities, in pattc regarding the human-computer interaction.

During and after the different tests, the crewmembéll fill out a form with their feedback.

Number of Overall If encountered
CREW MODE Conversation REPETITIONS satisfaction problem, add a
MEMBER DURATION in average LEVEL COMMENT
- -

Fig. 10: Feedback form.

3.1 Alarm simulation

For the alarm simulation, Al4U will be used maimtyits conversational software role. Due to theet#éjon of
tasks, the sentences spoken by the user must d#fferuch as possible from each other. The objeidtiteehave first
feedback from the crewmembers regarding their &atévn with the digital entity, especially its chater, voice and
conversational behavior.
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The system will start the alarm randomly. The coan also start the alarm intentionally. Then thevenembers
have to execute the emergency procedure decidieghehthey need support from Al4U or not.

REQUIREMENTS

R1.The system shall launch an alarm training
R11: The system shall launch the training once or twice during the mission

R12: The system shall launch the training randomly during permitted slots (specific working
hours slots)

R13: The system shall provide an immersive experience

R14: The system shall be able to launch different scenarios

R2: The system shall help the user in case of need
R21: The system shall provide help with interactive actions

R22: The system shall provide different levels of help

Fig. 11: Requirements for the alarm simulationgest

» Everyone should gather in the main hab + 5 people getin a safe place and prepare 2
* « Everyone is in the main hab » Step 4 - others for EVA
Step 1: + Get into 3 different groups R pa- + « Repair group ready »
: ) epair : -
Preparation *  « Groups are defined » groups + 2 peoplein EVA go in the low pressured

+ Get one radio per group room detect the precise hole location
» « Radios are taken » * « Hole in view »

» Agroup of 2 people goes downstairs to
prepare the EVA suits

*  « EVAsuits are ready » * 5 people stay in a safe space

Step 2: . Adroun of 2 people check every sensor Step 5: + « Everyone is safe »
Initial checks group peop Y Repairs + 2 people in EVA repair the hole
*  «Hole detected » .
*  « Hole repaired »
» Agroup of 2 people closes every door
+ « Doors closed »
» 2 people put the suits on + 2 people help
Step 3: them
Sensor +  « Ready for EVA »
checks » Agroup of 2 people check every sensor

+ « Sensor check is over »

Fig. 12: Alarm simulation procedure steps.

The architecture is simple and focused on the hufidb) interaction.

Tablet
Hardware: sound and
st ] light

Protocols Python/Java

L}

Al4U

Y

Crew

Fig. 13: Architecture involving the alarm simulatio
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The scenario developed for Al4U gives crewmembegschoice of requesting support from the digitditerior
the execution of the procedure.

“Alarm”, "Emergency”

Ok, don't panic. Here is the protocol you need o follow. Do
you want to follow the depressurisation protocol or are you
fine handling this emergency alone 7

“We want your help"

“| don't need halp”, “Wae are fine

Equipier :
L--=| "Can you help me with step 1 Ed:
Ed: = & ? --» “Everyone should gather in the
= | i - main fab
“Tell me when you are done For the first step, pfe?ane radios and i
with the protocol groups’
¥ “Everyone is in the main hab" | - “Get into thee separates
Equipier R =
i Equipier . \ groups
['We have completed the pratocol™ or "I'm done| “Radios and group ready” " —
l T ! L
1 - T
i 5 -
END ] . The groups are formad S ‘l B
B Ed. B “Get one radio per group”
"Here is the last step, Tell me 3 :
when you're done with it." N S —- D
o 22
Eduiniar |
“All done”
ipier : % = i i
“Pratocol completed”. - > Emry m;gf_‘:‘fﬂ bl
END - sttt

Fig. 14: Dialog choice§'Equipier” = crewmember; “Ed” = AI4U)

The implementation in DialogFlow is done for eatépsof the procedure. DialogFlow is a tool devekxpy
Google to facilitate the developement of vocal stasits.

»  ALARM_START m

O % o ALARM_START E3
Responses @ R
Events @ v
DEFAULT  +
Training phrases @ seachtraning ghrases QA
Custom Payload a
A\ remplate phrases are deprecated and will be ianoved i raining ime. Mare detalls here. 1l{
"spoon”:. {
“text™

riatches ft 10 the ntent. You don
istwitth similar expressions. To extrac: parameter valies

Ok, don't panic. Here is the protocol you need to follow. At each step if you
don't understand semething don't hesitate to tell me |",
“expression”: {

"type": "Standard”,
[ "gazeMode™: “Focused”,
" | "intensity": 8.5

¥

"id": "say",
M Cmegency 10 “pang”: false
) 3}
L 2}

Fig. 15: DialogFlow screenshots.
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3.2 Data retrieval

For the data retrieval function, Al4U will be usedits conversational software role and interactivith a
simplified life support system. Here again, theealije is to have initial feedbacks from the crewrbers regarding
their interaction with the digital entity. That wakso the opportunity to test the development térfaces between
Al4U and a hardware subsystem.

For each test, the crew will ask Al4U for infornmatiabout the environmental data. Two modes ardadlaj the
crew can request updated data, or to store datgeriod of time.

REQUIREMENTS

E1.The svstem shall automatically retrieve data from sensors

R17: The system shall retrieve measures from different locations

R12: The system shall retrieve with a 10 measures/hour frequency for each sensor
R13: The system shall provide an orderly storage for measures (—= by date, ..)

B2: The system shall facilitate data access for users

R27: The system shall give data points from chosen measure type

R22: The system shall give a chosen number of data points

R23: The system shall give data points between two dates

R24: The system shall share the latest data in near real time (— speaking)

R25: The system shall share a large amount of data for further analysis (— Copy the
requested data in the users’ hard disk)

R251: The system shall store the data in different csv for each day

R26: The system shall provide an interactive interface

Fig. 16: Requirements for the data retrieval tests.

«  Time for some data retrieval
e  Where are my data ?

» [ need some data points

- I need to access some data

¥
Copied, do you want te go in Copy
DATA MODE made or Last update mode ?
]
COPY MODE
UPDATE MODE NUMBER MODE DATE MODE
"3 temperatures in greenhouse” “30 temperatures in greenhouse” “temperatures in greenhouse between

February 2nd and February 3rd”
Fig. 17: Modes for the data retrieval tests.

For the Update Mode, the crew can ask up to 10nesisurements for one type of parameter for oreepksfter
giving the data, Al4U will ask the user if he neetlser data.
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|
Update mode
The moast up ta date daia
Freshest data
Latest duio would be great

l

Alright, last updale mode activated
Piease rell me the dota you need, the location
and the number of datapoints ?

Display: Temperoture - Pressure - Humidity
Noise Level - Luminosity

|

Twa temperaiures in greenhouse please

1 luminesity in Ram

J noise {evel in hab

20 humidity date in green

10 pressure in greenhouse

! want the 10 latest humidity fn main hab

® & & 8 B 8

| different cases

| do you need other data ?

T .
[ ]

v Additional dato please ® Mo thanks
s Other data & Moit e fine
s Yes another data s Nolgot what | need
| )
Sure, what do you need ? Always at your service !
Display: Temperature - Pressure - Humidity T
Noise Level - Luminosity

END
Fig. 18: Update Mode dialog steps for the dataeredt tests.

In the Copy Mode, the crew can store environmetidh in a .csv file. The crew can choose to eritkerethe
Number Mode or the Date Mode. In the Number Molle,drew can request the storage of several measuntsifior
one type of parameter for one place. In the Datdéyithe crew can request the storage of measursriwerd period

of time for one type of parameter for one locati@fter storing the data, Al4U will ask the userhié needs other
data.
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. (Copy mode)
o | want datao copied on my disk
s | need Lo analyse the data

i

Alright, copy mode octivated
do you prefer date mode or number
mode?

O

l

»  Number mode
s A fixed number of data paints
= A certain number of data points

- Date mode
& Sort by date
= Dato between two dotes

|

I

Alright, nurmber mode activated
Please tell me the data to copy, the location and
the number of dotapaints ?

Display: Temperature - Pressure - Humidily
Naise Level - Luminosity

Alright, dote mode activated.
Please tell me the data you need, the location and
the two dates ?

Display: Temperature - Pressure - Humidity
Moise Level - Luminosity

» 20 luminosity gota paints in greenhouse
s 10 Noise level in hab
. 100 temperatures in greenhouse

dif ferent cases

do you seed other dota ¢

® luminosity in greenfiouse between 6 December
and & December

- luminosity in greenfrouse between December
&th and December 8th

= Molse level in hab on between December &
and December 7

different cases

do you need ofther dota 7

e —

& Additional dato please
s Other dora
*  Yesanother dota

| Sure, piease choose copy o update mode first

:

=
1

& Mo rhanes
s Moitisfine
*  Molgotwhat | peed

!

,L Always at your service | |

END

Fig. 19: Copy Mode dialog steps for the data resii¢ests.

To have a fluent conversation, the heart of devakt consists in listing the keywords that willgger the
intervention of Al4U. For example, to start the dpelMode, the crew can saypdaté, “updates, “last’, “latest,

“up-to-daté, “freshest

Similarly, non-nominal requests must be taken atoount and Al4U must question its interlocutortisat he
reformulates his request. For example, if the cremimer does not mention the location in his requddt) will ask
“Please mention the locatibnThis error management works for one mistakeibtitere are multiple errors, Al4U
will be unable to recognize the relevant informatidhe user can kill the process and restart thy coode by

saying the keywords(ill”, “

leave, “stog', “finish’.

At the beginning of the mission, the MDRS Supadrtaesnt team will install several sensors in thdedént

buildings of the base.

Table 1. Distribution of the sensors in MDRS faigh.

Sensors \ Place Green House HAB RAM Science Dome
BME280 (Temperature, pressure, 1 5 1 1
humidity)

TSL25911FN (Light) 1 5 1 1
SPH0645LM4H (Sound) optional 1 5 1 1
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These sensors are connected to uPesy ESP32 Wraas toacollect and store the data. These cards are
connected to the local network thanks to a Wi-RkIiA python code is used to gather automaticdlly data in
a .csv file and send it periodically to the server.

Local computer in
MDRS 192.165.0.2
el Local Network of
Include requests MDRS

HTTP periodic request

DataFetch.py 192.165.0.3

192.165.0.1
Fig. 20: Architecture to retrieve environmentaladat

The use of the Dialogflow tool requires a webhoekser to transfer the data between the local coerard Al4U.
This prevents the project from running everythiogdlly but it is representative enough for thet fiests.

!

Webhook
server

Al4U / Dialogflow

Local

Crewmember
- o

Crewmember

Temperature Temperature
sensor sensor

Fig. 21: Architecture involving the data retrietests.

At each request of an astronaut of the crew to AlAUWCopy Mode, the data concerned are automatically
extracted and transferred via an automated SSHeotion to a dedicated server and are easily reablausable.
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def store_data(type, number=False, loc = 'greenhouse', begin_date= False, end_date=False):
path = './test.csv'
path_copy = './extracted_data/' + loc

if not os.path.isdir(path_copy):
os.makedirs (path_copy)

df = pd.read_csv(path)
df.date = df.date.apply(lambda x : pd.to_datetime(x))
df = df[(df['type']l==type) & (df['location']l==1loc)].sort_values(by='date', ascending=True)
if number:

df = df.tail(number)

df.to_csv(path_copy + '/' + type + '_' + number + '.csv', index=False)
elif (begin_date and end_date):

beg = pd.to_datetime(begin_date, format='%

beg = beg.replace(year=beg.year-1) #Dial ’ rides 1-year shifted dates

end = pd.to_datetime(end_date, format=

end = end.replace(year=beg.year-1) #Dial provides 1-year shifted dates

df = df[(df.date>beg) & (df.date<end)]

df.to_csv(path_copy + '/' + type +
else :
| df.to_csv(path_copy + '/' + type +

Fig. 22: Storing data function.

'_' + begin_date + '_' + end_date + '.csv', index=False)

.csv', index=False)

4. Results and first improvements considered

The first developments show the ease of use ofoBilw in terms of coding thanks to the predefined
parameters, the .json format allows intuitive datmipulation and the graphical interface is clewat aser-friendly.

However, the functionalities provided by Dialogflake limited and the need for an Internet connactimd the
use of the webhook server for python functions efien, are not representative of the future Martiases. This
tool also implies that offline migration and intetian with local sensors are complex.

Moreover, the first checks show the discussion WithU has some shortcomings in voice recognitiopedaling
on the accent of the interlocutor, and the use lofats, numbers and certain words (for example, Aldan
understandcooki€ instead of ‘topy).

Finally, the Al4U character can disturb its intedtor because of its behavior. It does not rementher
crewmembers (this skill is not yet implemented) aigdinterjections are not always adapted to theteod.

The goal for Al4U is to blend as a member of thacgpcrew, its interaction with the astronauts shallas
natural as possible. This is enabled by multiplemse The most important one is a fluid communicathat relies
on an efficient design of the chatbot and a powesfobedded server. A Research and Technology (Re&Tiyity
has demonstrated the technical feasibility of erdbegd Al4U in the space habitat thanks to the Tobktbot
solution. This solution deployment is ongoing.

Al4U’s interaction with humans, its expressionspiaking, and reflexes are based on the ones oldénvine
interactions of big mammals, humans included. Hiiss to make the conversation more familiar antdiriotve
[15]. To start the improvements, Al4U should beeabh recognize the astronauts. Combining face amdev
recognition, it would be able to remember astrosigateferences in their work and casual interastidrhis facial
recognition skill will be developed in 2023.

To improve itself and create a stronger link witle @astronauts, Al4U, after interacting with thewcrmembers
for some time, will increase its vocabulary and aetit expressions knowledge, ending up occasiomaityicking
the talking habits of its interlocutors, as humasasally do. Also, when it doesn’t understand ttennhof the user or
mistakes it and observes that it did, it will ditg@sk what it should have understood and iftite appropriate time,
if it could have a short teaching session on thigicc Through the conversation, it will automatigaadd its
discoveries to its knowledge base, which the aatrtshand the development crew on Earth can alwegssa and
modify at any time. This learning skill will be deleped in 2023.

All these improvements will be tested during th&tdDRS Supaero team analog mission in 2024.

An agreement signed in 2022 between EDF (Elecfridi# France, the French national energy comparg/) an
CNES sets up a partnership to work on connecteddtstbAmong several solutions, Al4U will be testedthe
future terrestrial demonstrator.
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These hands-on experiments test and improve theexperience when using Al4U. They make it posstble
quickly identify the developments to be carried asita priority in order to drastically improve thehavior of Al4U
and its acceptability by the user.

A work to determine the roadmap for the developnm@nAl4U is in progress. A team of different exgei
operations, software development, Artificial Inigdince, human behavior, neurology and health tesdlithe
different skills to develop for the digital entijuring a workshop at the end of 2022. Future woik am at
organizing the development tasks for the next yeamsake Al4U a real virtual crewmember.

Table 2. List of the skills to develop for Al4U (brackets is how often the idea appeared).

Human-Machine

Interaction

Mental and physical
health countermeasures
[Sport class, news from

the family, nutritional

recommendations,
rescheduling, efc]

Means of interaction with

System supervision

Access the information at
different levels of absiraction,
being able to give o general
overview as well as being on
interfoce with the specialized
systems giving the details from
the captors and being able to
control it

Iinfarmation collection for virtual

Help with wark

Tazks oplimization with
priorities, allecation,
scheduling and
reschaduling, random
acfivities suggestion,
maintenance scheduling

(&)

Regular fraining (in VRZ) of

Ethical and
legal
aspects

Privacy and
personal space
for the
asfronouts, right
to deconnect {4)

AlAU (Vocol, Touch twin of the boss and astrenauts| the crew on new and old | Acceptability of
Gashin E»y;rsss'on;] to anficipate problems and | tasks and have to know |AI4U by the crew
" ! countermeasures odvice (3]  |how to do without Al4L (3)
Interaction adaptability fo WS i vugaaii Nmi_a taking, photos,
crew members ond : videos, raporls Secure dala
A F problem or schedule o repair i ;
sifuations Vs AldU"s 4 3 1 summarizing, operational storage
Personnality (2) (4], equipment environement, suppoart with experiments
Nominal
Communication hub Comnrianicaion vtk Barthy givg Locolisation of crew
between astranauts and s s members and equipment
ond transmit information (2)
the control centfer (4}
Mantal and physical Monitoring the the food ) ’
health supervision (3) production and food stock Help with feleoperation
Multiple characters far Energy monitoring (storage, EVA
different tasks (2) praduction batteries)
Collective life facilitator
5} Monitoring of the stock Medical ossistant (2]
Block sheep Domotic 15)
Define o decision chain cz::::::ri;,:ii
between Al4U, the craw Mol Tods (2) Pilot menitoring (call-out, e AL ol
and the ground center, cross check, ...} bligad marrin
authority (6) st
{51
Efficient ond adoptoble If problem in the bose or Security against
information on the imedical alert and send message|Tasks priorities, ollacation,|  hack, secure
processes in cose of ta ground control and give | rescheduling, optimisation | personal dala
urgency (1 rocedure (6 storoge
Urmenci rgency (1) P 16 rage (2]

Avoid automation
surprise (WAl) and be
predicable (4)

Possibility to stop the Al in
cose of problem (Sofe
word, unplug) (6]

Reassurance in cose of
siress

A crew member
5 not all-knowing|

Being able fo
admit its [imits (2}
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[}
=
= E e e Personalisation Personalisation
B s e : . Feedback system Detect the of the character of the character
4 | Individual facial | for each decision ; ; : X -
b ] ol ena about the incapacity of Different Hafervoic according tothe | occording to the Alfrarsaarsnc
= = 7 2 ; decisions and crew member fo characters crew member or | crew member or P ¥
c o recognition opinion on its S e g : : v
m 4= = optimisations make @ decision the situation the situation ;
E B own decision : i
S5+ through learning | through learning
=
Failure Specialised Al : N
c detection, ; for the Virtvol ! Complete )
w © : : Classic Define the R geolocalisation A Schedule
== isolation and 4 monitoring of description of Cross- \
Ew Ressources Human supervision hub | ensemble of the of people and access, 4\
a s 5 recovery i . each subsystem i the stafe of T check/Complia i
=2 managing Alert dependability (without Al) tasks with their eguipment (VR o e optimisation for nee i
w a isti - i
'?; o classification shoiclensies Link with Al4U dnciiak) omniscient Al malntzicoes 3
a through AP /
* rasiC
g_ Communication | Infegration of the Shared . respansibility ;
; Collective S model Dynamic
o. hub between stafe of the consciousness of e . : Optimisation :
3 CONOPS ; decision making Simulator Define the schedule for work
w o astronauts (vocal, human in the the context and - Schedule o
definition - with the support urgency levels for activitie with a
E fext, etc) task collaborative e
= 4 of Al automatization task manager
s R Contact with
control center
Operational
- modes Ontology of Learning on o y
@ ; : i Training during
£ | Silence mode Privacy definition and | processes and Data storage Earth and In- o Common sense
= : : ; the mission
o context information Situ
recognition

6. Conclusions

Fig. 23: Development tasks for the next years.

The need for crew autonomy in future lunar and Marmissions can be solved thanks to computer seien
applications and digital assistants. Several tasts studies were realized in this domain for térissand space
applications. CNES Spaceship France project hasechto develop Al4U, a digital entity which mainlisks to

communicate verbally and non-verbally based orre¢egnition of emotions.

As a virtual crewmember, Al4U will take the rolesafpervisor, butler and companion.

A multitude of technologies developed in the congpstience domains can be used to build Al4U.

The Spaceship France team set up the first develofand rapid tests in an analog mission in 20222823.
The first operational deployment will take placeRabruary 2023 but the next development priorities already
identified: using Al4U in standalone mode without laternet connection to be representative of lwamat Martian
conditions, facial recognition and voice learningrhprove the interaction experience and the useg@tance.

In parallel, the project team works with differeexperts in operations, software development, Aitfi
Intelligence, human behavior, neurology and hetitlouild a roadmap to develop Al4U through threendmms:
Man-Machine Interface, autonomous supervision gretational work support.

The Spaceship France team is also working in catiperwith CNES operational teams to imagine a e
use of Al4U in satellite control centers. This d@n could introduce the notion of an augmentedrajoe and open
the door to its use in a digital twin to predicasp system behaviors and anomalies.
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Appendix A The GER Critical Technologies within Al4U [1]

Globa! Exploratlon Ro'admap Today Near-Future
Critical Technologies ~ 1SS Moon
(Summary Table) Rl flight Herit Vi ‘:‘ﬁyIS .
. . acefli eritage icini urface

Propulsion, Landing, Return " 2 g

E'Ps’g:g?lacn?gtg:;z:nqmsmn" Spacecraft: CPST/eCryo demo u-G vapor free liquid tank to propulsion transfer, Efficient low-power LOx & H, storage >1 Yr (Mars)

Liquid Oxygen/Methane Cryogenic Throttleable Regen Cooled Engine for Landing Throttleable Regen Cooled Engine for Landing

Propulsion (Lunar Scale) (Mars Scale)

Mars Entry, Descent, and Landing (EDL) Spacecraft: MSL class (~900 kg) o in m(;pn:;::n environment h‘&'l:an --40 31020&.@

Precision Landing & Hazard Avoidance ke s e

Robust Ablative Heat Shield Thermal Spacecraft: Orion Heatshield ~1000 W/cm2 under 1.0 atmospheric ~2,500 W/cm2 under 0.8 atmospheric

Protection test flight (EFT-1) pressure P

Spacecraft: 2.5 kW thruster ~10 kW per thruster, High Isp (2000 s) ~30-50 kW per thruster

Electric Propulsion & Power | 9 s el il ol e s e oaiens)

Mid & High Class Solar Arrays 155:7.5 KW/panel 10100 W Gls e some s opend) S g
Autonomous Systems

oL Vehicle 3 A o ISS: Limited On-Board Mgmt On-Board Systems Mgmt functions On-Board Systems Mgmt functions

s functions, < 5 s comm delay (handles > 5 s comm delay) (handles > 40 min comm delay)
a;ig‘.,:ﬁ:‘:ri;g (?npaﬁmm, Target 185: Autonomous docking High-reliability, Ali-lighting conditions, Loiter w/ zero relative veloity
e Automate 90% of nominal ops

I Beyond-LEO Crew Autonomy 18 Hwad Autenomy Tools for crew real-time off-nom decisions I
Life Support

Enhanced Reliability Life Support e A T S T e el on Earts i

188: 42% 0, Recovery from CO,, ion of 0,/C0, Loop closure; H,0 Recovery further

Closed-Loop Life Support

90% H,0 Recovery in deep space environment closure; Solid Waste, reduce volume; &
l In-Flight Environmental Monitoring 1SS: Samples to Earth On-Board Analysis for Air, Water, Contaminants

Crew Health & Performance

2 1 advanced Training (pre & in-flight) for medical aspects
Long-Duration Spaceflight Medical Care I5S: First Aid+, return home Widosteaia sviorinent Ak mm"ﬂg & deckin s oo
= Dx i f nitive performance monitoring
& Performance 185: Monitoring by Ground in donpa:a:a environment Bdmci:-g-al heath indicators & umnr: stim.
18S: Large treadmills, ion of ay Compact devices to assess/limit disorders.
Microgravity Counter-Measures other exercise equipment in deep space environment Reduced weight/vol. aerobic & resistive eqpt.
Deep Space Mission Human Factors 1SS: Large crew volume, food & ion of Assess human cognitive load, fatigue, health I
& Habitabili consumables regular resupply in deep space environment Optimized human systems factors/interfaces
ISS: Partially protected by Earth Advanced detection & shieldi
Space Radiation Protection (GCR & SPE) et "‘fm ' o
Infrastructure & Support Systems
Ground (DSN): 256 kbs Forward, Demonstration of advanced technology : , o
High Data Rate (Forward & Return Links) 10 Mbs Return Link ey e Forward: 10's Mbps; Return: Optical > 1Gb/s
Adaptive, Internetworked Proximity 1S5: Limited ilties D ion of ad d technol >10’s of Mbps simultaneously between users
Communications . S in deep space environment Multiple Modes; Store, Forward & Relay
S 1SS: Limited to GPS range Demonstration of Provide high-spec Absalute & Relative pos'n
In-Spaca Timing & Navigatian Spacecraft: DSN Ranging in deep space environment Space-Qualified clocks 10x-100x beyond SOA
Low Temperature & Long-Life Batteries 'Sshtm)' "'_‘;{E;m;;"' Lunar night temperatures and duration
5 e Apollo: limited 3 day crew ops Multiple Active & Passive technologies required
compmhamwe Dust Mmgat:un Rovers: limited mitigation Significant advances in Life cycle
Low-Temperature Mechatronics 1SS +121 10 -157 C Operations to -230 C (cryo Iti-year life
b % Potential Test-Bed for Mars Forward, 0,/CH, generation from atmosphere
ISRU: Mars In-Situ Resources and enhance lunar missions LOX/LH, generation from soil
Fission Power (Surface Missions) Potential Test-Bed for Mars Forward, Fission Reactor (10's of kWe)
and enhance lunar missions
EVA/Mobility/Robotic
3 ! . EVA Ops at 0.55 Bar (~8 Psid), extended EVA lifecycle
Deep-Space Suit 185:EVAOps at 0.3 Bar (4.3 Psid) On-Back regen CO, & humidity contro, High Specific-Energy Batteries
% 30 day min duration, improved lower torso 1 years+ duration, thermal insulation
Surface Suit (Moon & Mars) Apollo: 3 day max (Lunar) mobilty, dust tolerant (€0, atmosphere)
Spacecraft: Lunar and Mars Autonomous & Crewed capability, less Ground Control
Next Generation Surface Mobility Rovers State-of-the-Art Extended range, speed, payload; navigate soft/steep varying soils
Tele-robotic Control of Robotic Systems 1SS: <1-10 Sec delay for GC Ops Few seconds to 10's of seconds Up to 40 Minutes
with Time Delay Spacecraft: Lunar/Mars Rovers Dynamic environments w/variable delays & LOC P
U o EVA control robots w/ no reliance on Ground Control
Robots working side-by-side w/ crew 18S: Limited (Robotic support to EVA) international standard & profocole
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