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* Small satellites are nowadays extremely powerful, flexible and sustainable platforms that can

be used to complement the missions assigned to traditional-sized satellites

* The Italian Space Agency — ASI promotes, funds and coordinates the national initiatives for
smallsats (i.e. nanosats): few of them are destined to Science and Exploration, both for

autonomous missions and within international cooperation frameworks.
* ArgoMoon 6U cubesat has been selected to take part in the Artemis-1 mission, as the only
European contribution to capture significative pictures of the launcher’s last stage ICPS and

of the other secondary payloads deployment;

* LICIACube 6U cubesat is the NASA DART mission companion, with the purpose to support

the redirection test verification by means of a close and timely imaging of the post-impact;

Both ASI missions are ready to enter the operative phase
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A new standard, also in Deep Space  argotec

SPACE FOR AMBITIONS
- 10x10x10 cm
Dimensions of a CubeSat
13kg
Mass of a CubeSat
“ I | 6U
- 3u
|
W

* For the small satellites, the design

philosophy based on large use of
state-of-the art technologies with
low or no flight heritage, allows to

manage cheaper missions in a

shorter time;

* Design is based on practice and

experience: a layered redundancy

N architecture is often adopted;

. * Testing is minimized and limited to
meneazin system level, so avoiding expensive
it verification of single units or
el :  BE - subsystems at lower levels.

—
m
=
e 26 Nov 2018: provided real-time
L Mars Cube One P] y P
L communications link to Earth for
e (MarCO)-A and B . o
e InSight during its entry, descent and
o N

y R

landing on Mars
e 22M QOct. 2018: First image of Mars
from a Cub}sat
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* The first national nanosats had a flight opportunity in the occasion of the

European Space Agency launcher Vega, at its Qualification Flight, in early 2012.
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IKUNS selected for KiboCube " argofec
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SpaceOp:

In August 2016 “IKUNS” was selected by
UNOOSA/JAXA, in the frame of «KiboCubes
program, as first 1U cubesat to be carried
on board of 1SS by Japanese astronaut, at
the end of 2017 and deployed from the Kibo
JAXA module.

Launch happened on 10t" May 2018
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) UNITED NATIONS
* Office for Quter Space Affairs

5 August 2016
Dear Mr. Mbuthia,
U niited \HIIDHS.UIE [ mntratmn Programme on {‘uht‘sal Deployment from the

Intern 15 anese Aol iba
"KiboCLUBE"

On behalf of the United Nations Office for Outer Space Affairs (O0SA) and the Japan
Acrospace Exploration Agency (JAXA), we are pleased to inform you that the proposal
(“1KLINS™) that you have submitied in response 1o the Anmouncement of Opportunity of the

United Nations/Japan Cooperation Programme on CubeSat Deployment from the International

Space Station (I55) Japanese Experiment Module (Kibo) "KiboCUBE™ has been reviewed and

considered favourably by OO0SA and JAKXA.

Your feam will be offered the opportunity to deploy your CubeSat from the
International Space Station (155) Japancse Experiment Module (Kibo).

In the coming weeks you will be contacted by JAXA with details regarding the
schedule to conclude a binding agreement between your enfity and JAXA, detailing the
conditions of the CubeSat deployment, which will include, inter alia, terms and conditions that
appertion responsibilities arising under United Mations freaties on outer space.

Please n
this stage. You
releases of any |




ASI cubesats (work in progress) “argotec

SPACE FOR AMBITIONS

HERMES High Energy Rapid Modular Ensemble of Satellites — Pathfinder
(since 2016; launch expected in mid 2023)

Low Energy Collimator -
PCB with ASIC preamp. 1

Scintillator
crystals

AstroBio Cubesat ABCS
(Since 2019; launch expected July 2022)
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Artemis-1: Orion and its 13 companions orgoré?

SPACE FOR AMBITIONS

The NASA Space Launch System - SLS is the NASA heavy-lift launch vehicle, designed to support
the next season of Exploration beyond LEO.

SPLASHDOWN @ @ RE-ENTRY INTERFACE @) ENTER EARTH ORBIT 0 OUTBOUND TRAJECTORY CORRECTION (OTC) 160 RETURN POWER FLY-BY (RPF)
Enter Earth's atmosphere "~ Perform the perigee raise maneuver As necessary adjust trajectory RPF burn prep and return

Pacific Ocean landin
9 for Lunar jnsertion to DRO coast to Earth initiated

within view of the U.S.
Navy recovery ships "m

——@®#§_ 5 FINAL RETURN TRAJECTORY /E" e oiaoi
CORRECTION (RTC) /‘k
‘ @ ORBIT INSERTION

~
,/ Enter Distant Retrograde
d Orbit for next 6-10 days

LAUNCH 1
SLS and Orion Precision targeting for

lift off from pad i . k" "’/ Earth entry
3 » N

39B at Kennedy
Space Center

JETTISON (2 / e Al ; Y ), - @ oistanT
ROCKET ~ ‘ 4 : 4 3 ? RETROGRADE
BOOSTERS "‘ﬁ"‘ . . 1 - ORBIT (DRO)
Solid rocket /- . - Burn maneuver and

Rocures several attitude maneuvers Ne A adiustment;

ul Ver: 1y uver: v M

r N P ~ ¥ 37,000 miles from

EARTH ORBIT & w and Optical Navigation Checkout ihe surface ol

Systems check : =’ the Moon

and solar panel . ; k= > / .\'A

adjustments b Za J . . . . -—(\
y CUBESATS DEPLOY .

TRANS LUNAR @& , ICPS deploys 13 CubeSats total

\
INJECTION (TLI) BURN
Burn lasts for approximately

20 minutes
JETTISON LAUNCH ABORT SYSTEM 44 RETURN TRAJECTORY BURN 13 RETURN TRANSIT

s <, 3 f ; x 3
boosters | il o N S ] X solar panel
separate b § 7 o W/ ;‘:\ 0

@ OUTBOUND POWERED
FLY-BY

Results in DRO insertion;
62 miles from the Moon

& CORE STAGE SEPARATION Precision Trajectory Burn Return Trajectory Correction
INTERIM CRYOGENIC o The LAS is no longer needed aiming for Earth's burn prep; travel time 6-10 days

PROPULSION STAGE (ICPS) Orion could safely abort at anytime; atmosphere i i
SEPARATION core stage separation and engine }'

The ICPS provides enough thrust to shut down . 2
circularize orbit and commit Orion to TLI Launch Earth Orbit — Trans Lunar — Lunar Orbit Trans Earth Earth Re-entry - Payload Orbit/Disposal

Total distance traveled: 1.3 million miles — Mission duration: 25.5 days - Re-entry speed: 24,500 mph (Mach 32) - 13 CubeSats deployed

NASA HQ Exploration Systems Directorate (ESD) has directed the SLS Program
to accommodate Secondary Payloads of the Cubesat Class, to increase the
scientific and exploration capabilities, allowing international community for access

o~ to much higher orbits than are currently available for small payloads .
SpaceOps gy
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ArgoMoon for Artemis-1

.
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SPACE FOR AMBITIONS

In 2016, the ASl-proposed “ArgoMoon” mission has ben

selected as European contribution to Artemis-1 mission.

This 6U nanosat aims at taking significant photographs of the

Artemis-1 mission and validate new technologies in deep space.

ArgoMoon was designed, tested and integrated by the ltalian
SME Argotec srl, at its facility in Turin.
ArgoMoon will be operated by the Argotec Flight Control

Team from its Mission Control Centre in Turin.

N 44 e
P

SpaceOps
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Secondary
Payleod
Locations

Orion
Spacecrall

Orion Service Module | l' = Adapter

Orion Service Adapter §

Interim Cryogenic
Propulsion Stage (ICPS) =

Launch Vehicle
Stage Adapter

RN N N
[LvaA

Core Stage



ArgoMoon mission profile 1/2 “argotec

SPACE FOR AMBITIONS

Launch (=3

hours) i
/ Commissioning
/ (~l7 minutes)

'\ AN

Disposal
(=2 hours)

\

Mission’s First Phase (< 10 hours) Mission’s second phase (= 6 months)
i SLS Artemis-l support: In-orbit Operations i
: * Providing information regarding * Collect Moon’s images with scientific purpose |
i status of payloads deployment; * Validate small satellite’s new technologies in i
i * Visually inspect the condition of the deep space: :
! SLS second stage (ICPS) * Targeting system based on optical i
i * Enhance public outreach recognition i
| * Develop or Increase TRL of miniaturized !
i .. and objectives subsystems (e.g. power distribution, i
AT . : !
;/i* P data acquisition and processing) |

N o 9



ArgoMoon mission profile 2/2
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SpaceOb@
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--------

- -
-
-
-

6 months

Escape into trajectory in
heliocentric geocentric orbit
gwr=s = Corrective
months maneuver to
B e ArgoMoon remain in
Release flight near Earth orbit
from ICPS ICPS

ArgoMoon will be deployed from SLS at the
Bus Stop 1

It will reach the flight configuration and
contact the DSN Ground Stations

It will perform autonomous proximity flight at
a safe distance from 1CSP, for the imaging.

” B~ i
1CPS velogity > i-'- - 50

8

g & &8 & §& 8
2 2 : ...
I 1

ArgoMoon distance from ICPS [m]

400

Mission Elapsed Time from Release [min]

)

100 150 200 250 300 350

vecior

10



ArgoMoon mission First Phase

e
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SLS ICPS targeting and imaging

3
oo
£
©
c
©
5
E |S3 Fine recognition of
£ multiple targets
= |
MTI Identification of
multiple targets
Identification of
the center of mass
% 151
L Confirmation target is in view
“Essential Complex

Divided into 3 levels to optimize performances

Autonomous navigation algorithms was designed, developed,
tested and integrated by Argotec.

o
SpaceOpsy

Imaging software

Easy to run and operate
Filter against Background
Fast identification of the objective

Commands interpreted by ADCS to
point the target.

Multiple Target 1dentification (MTT)
capability.

Fine tracking for photo shooting session

11



ArgoMoon mission Second Phase argolec
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Science opportunity and technological demonstrations

Fivb Duration Min altitude PL2 PL1
yby : -
(] k] B

1503
42 44984
53 34062
55 33240
M 36778
31 55341
39 38626

* 7 flybys during 6 months mission (min
altitude below 80000 km)
e Different altitudes and different durations for

each passages

Distance 80,000 km

* Several pictures of the Moon and of the Earth
.40 in different illumination conditions

‘% L&: ‘i{ * Opportunity for investigations
SpaceOps' g&k (OCCUItation, ]imb ObS) 12
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ArgoMoon design, at a glance

Mass:

Volume:
Generated Power:
Storage Memory:
Downlink Band:
Downlink Rate:

Propulsion:

Payloads:

14 kg (allocated)
6U - 911.5 mm 366 mm x 239 mm (deployed)
80 W through solar panel
16 GB

X-band

256 kbps

LMP103S-LT (primary propulsion)

Ri34a (secondary propulsion)
40° field of view camera,
2.5° field of view camera,

Rangefinder

.
argolec

SPACE FOR AMBITIONS

13
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ArgoMoon configuration | orgotgg
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Picture 1

RX Antenna

Picture 2 -

Narrow Wide g
Angle Angle e
Camera Camera

Debug

Focallength ~ 393mm 2242 mm  “o"ec'sd §
FlN 52 4 Payload 2
N° of elements 5 8
FoV, 4.1° 65°
Sun sensor
Range Finder
Payload:

* Optical-1+Electronic
* Optical-2+Electronic
* Range Finder

)y

14
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ArgoMoon integration and test | orgofe‘(:
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PROPULSION
SYSTEM

ADCS

OPTICAL
PAYLOADS

RADIO

RANGEFINDER




ArgoMoon current status (1/2)

.
argolec
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* JSC and MSFC Data

Connection and Voice Loop

* NASA JPL and ESTRACK as

terminals, validated via
Connectivity, E2E, GDS tests

* Front Room Navigation

Support and Simulation

* Back Room Engineering

Support and Troubleshooting
* Training of the Flight Control

Team

* Mission Data Post-processing

(Science and Telemetry)

B N R

MOC

K

ESTRACK/DSN

[ Telemetry =

—* Telecommands <

—* Payload Data

Commanded failure
recovery actions

s Software Team

Unpacked

tel
bl Electronic &

Thermal Teams

ADCS and IS telemetry

Unpacked payload data

Imaging Team

.— Ranging Data

16



ArgoMoon current status (2/2)

.
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ArgoMoon PFMi was integrated on the Artemis 1

Orion Stage Adapter, together with the other

Secondary Payloads, during august 2021.

Biosentne:

' eusP

LunaH-Map

-

OMOTENASHI £~
.t Lunar Flashlight

4 LuniR
EQUULEUS e

Avionics __

bl T . S i
——— --.-—-—--P_"'T“"".---*-“_

S~ 9

August 19" 2021 Credits: NASA — Kennedy Space Centre

Launch of Artemis-1 is currently planned

for LP24 (26th July — 9th August)
yd

17



ArgoMoon activities in progress

Waiting for the launch:

- Trajectories analyses;

- Periodic battery charge;

- Component/parts/units
lifetime evaluation;

- Mission Control Centre

final preparation and test;

- Personnel training

Vaolts

ArgoMoon chg on 9/30/21

SVps SVin 8

Chg terminated when Imin <050 amps

.
argolec
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PS Current

ArgoMoon chg on 9/30/21

® Battery tem B

Deg. C

18
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LICIACube for AIDA argotec
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ASSESS 3 SEARCH, DETECT & TRACK

MITIGATE y CHARACTERIZE i— “‘Fﬁ
. - DIDYMOS A
PLAN & ¥
COORDINATE DART DIDYMOS B
| LICIACube S IlUVENTﬁS

2.0
a9,
A

International Planetary
Defence Community

s/

\ 3\
pNg Y s o

. First demonstration of . First promptimaging of Mass of Didymos B
asteroid deflection by kinetic Wlth the impacted surface, ejecta + Detailed dynamical
impact on Didymos B, to plume evolution and of the characterization, investigation
change its orbit non-impacted hemisphere of of final crater, overall
‘ Didymos B characterization of the asteroids

~
SpaceOps/ gy

LY B | 4

19



LICIACube mission profile “argotec
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RELEASE

LICIACube is carried by DART

APPROACHING PHASE
' LICIACube performs

target tracking and orbit
determination

LN
29D

el
_+

- LICIACube performs maneuvers
DT N and acquires pictures of Dimorphos and plume
f i generated by the DART spacecraftimpact

»

i

| LAUNCH

20



The cooperation frame

.
argolec
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DARTTEAM

Planetary Science Division -

Planetary Defense Office

. DART mission responsibility

. Leading of US team

. Technical/programmatic
management

JHU Applied Physics Laboratory
. Mission Implementation
«  Technical IF management

. TT&C and Navigation Senices

NASA Johnson Space Centre

« Int. relations (LICIA) management

£l

NASA HQ Science Mission Directorate

Management

Science

T «—

JOHNS HOPKINS

AFPLIED PHYSICS LABORATORY

Jet Propulsion Laboratory — Deep Space Netwark

JPL <«

t Prigaineon Latar story.

NASA Goddard Space FlightCentre

Implementing
Arrang;nent

IcD

Engineering

ommunication

<
s> | CIACube TEAM

Agenzia Spaziale Italiana:
« UCIACube mission responsible

- » Leading ofltalian team
8% . Technical/programmatic management
§§ - Int. relations (DART) management
g3
LS
g3
T X Argotec sn: LICACube Contractor
~ ", \. -+ Support to programmatics
argotec . Technical interface

INAF Istituto Nazionale di Astrofisica
«  Payload performances definition
. Scientific investigation

Politecnico di Milano
«  Mission analysis e trajectory optimization

Universita di Bologna
"_g?} 2 . Orbit Determination and Deep Space
sy Navigation - Radioscience

(
SpaceOps
|

21



LICIACube scientific objectives (1/2)  “argolec

SPACE FOR AMBITIONS

e Testify the DART impact;
e Obtain multiple images of the ejecta plume, over a span of time and phase angle to:

e Allow measurement of the motion of the slow (< 5 m/s) ejecta, at spatial scale better than 5

m/pixel, with the possibility to distinguish the movements of the slowest particles;
e Allow estimation of the plume structure, measuring the evolution of the dust distribution;

e Obtain multiple images of the DART impact site with a sufficient resolution to allow measurements

of the size and morphology of the crater;
e Obtain multiple images of Dimorphos showing the non-impact hemisphere, hence increasing the

accuracy of the shape and volume determination.

Piiimé Geological and morphological analysis

Non-impacted side

Boulders

Shape ;
and Coloursand
structure composition




LICIACube scientific objectives (2/2)  “argolec
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LICIACube researchers' part of the DART investigation team. Working Groups:

* Impact Modeling Working Group

Time = 151 sec

* Observations Working Group
* Dynamics Working Group

* Ejecta Working Group

1000

00
X [m]

*  Proximity Operations Working Group

Time = 93 sec

Z [m]

Formed from ejecta
after large asteroidal
impacts

Fragment of the different parent
bodies with different composition

X [m] 250 1240122017

Fragment of the same parent body
with no compositional differences

Fragment of a single fast rotator,
no compositional differences

Z [m]

Formed from parent
bodies spinning at

o Possible impacts
the critical rate P i=4

from ather bodies

. Exogenous contamination allow
some compaositional differences

% ‘o
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SpaceOps gy

were optimized, and maneuvers

designed, considering uncertainties predicted

by (radio and optical)

LICIACube-Di




LICIACube mission design (2/2) “argotec

SPACE FOR AMBITIONS

High-Level requirements Camera
* Low Speed Particles Observation (< 5m/s) * TFocal Length = 222.5 mm
* Dimorphos “Back side” Observation * Diagonal FoV = + 2.06°
® Crater Observation * Resolution= 2048 x 2048 px

* Exposure time range= 0.1 ms - 30 s
Low-Level requirements * Lens: Diameter = 79 mm, (Material:
* Atgy/px (i-e. d<200 km) > 30 s Corning HPSF-7980)

* Nadir Pointing for the whole mission
Propulsion System:

. Bk * Thrust = 50 mN
; B * Isp=-40s

LICIACube-Dimarphos B-plane (EMO2000)
30 uncertainty

e
B8R (km)
after DART impact

5 =1
3 = 8
win. Time of Flight (sec)

&
3

Close Approch (CA) distance d, and
delay time t,,, .

130

25

N T
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LICIACube Timeline

1 - DART Impact -45 s to TO TO+136.11 s yes Not operative
2 - Ejecta Observation -25 s to TO TO +169.1 s yes yes
3 - High resolution (surface
properties/crater) observation TO +157.5s TO +169.1 s yes yes
— Non-impact hemisphere
* . P P TO +165.41s TO +179.1 s yes yes
observation
5 — Plume evolution in forward
. TO +179.1 s TO + 600 s yes yes
scattering
DART 200 km 80 km Hemisphere C/A Back side 80 km 200 km
impact (5m/px) | (2 m/px) plane cross plane cross (2 m/px) (5 m/px)
. Imp. Hem. Crater Plume FWD
Ejecta Obs. * e
ImpacLObs, —— Back side Obs.

TO-45s TO TO+136.11s  TO+156.61s TO+157.5s TO+165.41s T0+169.1s TO+179.1s T0+194.69s

N o



LICIACube design, at a glance “argotec

SPACE FOR AMBITIONS

Cold-Gas Thruster

Orbit: Heliocentric (~10M km from the Earth)
Mass: 14 kg
Volume: 6U-+
366 mm x 239 mm x 116.2 mm (stowed)
o11.5 mm x 366 mm x 239 mm (deployed)

Rx Antenna
Tx High Gain Antenna

LEIA: a catadioptric camera with spatial
scale at C/A (~55km) 1.38 m/px

LEIA

LUKE: a camera with a RGB Bayer o o
pattern filter

27
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Smce0p§

Liciacube Explorer

Imaging for Asteroid

Liciacube Unit Key Explorer

Focal length (mm) | FoV (°) | IFoV (prad/px) |Spat. scale at 55.2km (m/px)
LEIA 222.55 + 2.06 24.71 1.38
LUKE 70.5 +5 78 4.31

)y

28
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LICIACube testing 1/4 “argotec

PS in Argotec Clean Room

)
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LICIACube testing 2/4 “argotec
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LICIACube testing 3/4 “argotec
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1D Test Date Status

1 Full functional test 12/03/2021 Done

2 Thermal Vacuum test 22/03/2021 Done‘

3 Reduced functional test 01/04/2021 Done\

4 Thruster filling 22/04/201 Done \

5 Solar panel installation 07/04/2021 Done \

6 Solar panel deployment 07/04/2021 Done

7 Optical alignment 29/04/2021 Done

8 Full functional test 14/04/2021 Done R
9 Physical Properties 23/04/2021 Done B
10 Software and Nav. Verification 26/04/2021 Done

n Integration with the dispenser 12/05/2021 Done ,




.
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LICIACube testing 4/4

1D Test Date Status dusns ol
80 Olg
1 Aliveness test ]3/05/202] Done 36 [ Overanlerannn ?géogszs
180 ,;ﬁ:uxta._.e 100 1.25 Duration - G0s
2 Vibration test 18/05/2021 Done
(sine and random)
3 Aliveness test 20/05/2021 Done
4 Deployment test 21/05/2021 Done
(at -20°C and + 50°C)
5 Functional Test 25/05/2021 Done
(Ambient, Hot and Cold Temp.)
6 MLI Integration 25/05/2021 Done
7 Thermal Balance test 03/06/2021 Done
8 Aliveness check 09/06/2021 Done

Thermal Balance Test Profile

T e wtury [oC]
& % o B ¥ E 8 B B




LICIACube integration and launch!  “grgolec
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August 2021: Integration on DART at JHU — APL, Baltimore, M
'-f"" " ~ P P

— -
o

_ :
R SR
- |

‘, - % iy ..
B
B

AT

;;uzﬁ,;‘;:-\ iy 24th November 2021: DART and LICIA Launch — Vandenberg Air Force Base, CA

WZ‘ ﬁ'-.é‘.-g.__: o

N

.. '.‘ 3 ea‘*”s;
SpaceOps K A |
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LICIACube GS architecture

A quite articulated Ground Segment architecture was implemented: Antennas terminals are

.
argolec

SPACE FOR AMBITIONS

part of the DSN, while the Mission Control Centre is located in Turin (Argotec) and the

Science Operation Centre in Rome (ASI)

%,

%,

B server

e LCC TM & Data from S/C
LCC real-time TM info

User Home Base for LCCTM
DART status data

LCC Scientific Data

rewes®  Non Real Time Scientific Data
/ T™ forimaging processing

Calibration Pipeline SW & data

= «p LCC Nav Solutions

ASI
NASA ARGOTEC MCC
PL [ SN - oo
v 1 < LECTC
2 Flight dynamics & ey . 0w
* Payload
ADCS Team
TC LccTm *  Avionics Team i ::G‘
r : o e o = ] .. . . . o * Ground Controlier -
------- > TRACKING | | 4|: g 0 N Trac
| | | Ree—— - faniad
y solutions ! }
DART I3 e 1 I *  Mission Planner
NAV JPLLCC NAV TEAM 1 [ t
TEAM 4 {1 _ LCCNav | 8 7
l — | ! feolutions
- -""" """"" -1 Argotec
: i )
| o Server
. (5 -
APL sl DART MOC ] 11 | DART status 0
| data il
. i Ol D
el SOC
DART SOC lgdesssenssnsssssasnnanns
5 | LCC Scientific

Spaceo[p§
¥

. — . — .| =Calibration
| pipeline




LICIACube Ground Segment layout

.
argolec
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Firgwall Clusior

B N R

ARG-MOC-WST001 *-002
Server Clart

03 004
Client Chent

Flight Control Team Workstations
4x SPACON

ARG-MCC

Encrypted and secured
communication tunnel between

NASA DSN and LICIACube

Mission Control Centre

User Home Base (UHB) laptop to
share real-time satellite telemetries

with mission nodes

Data exchange via secure way

between MCC and network nodes
(APL, JPL, ASI)

TM/TC server redundant

Back Room comprises engineering

support to real-time operations

35



Frequency licensing (at 1TU) | orgotgg
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WHEN TO INITIATE
THE NOTIFICATION PROCEDURE?

According to Radio Regulations, the relevant procedures involve: Simplified filing process approach
Advance Publication Information (AP1) (Section 1, Article 9);
Coordination (Section 11 of Article 9);

Notification and recording in the MIFR (Article 11)
[NB: there is no regulatory definition for small satellites in the ] — '
. . . 5

ITU RR. The RR is recognizing only geostationary (GSO) and &

: | MAXIMUM 7 YEARS!
non-GSO satellites or systems] S ©
ArgoMoon coordination anticipated at SFCG and agreed with four countries
LICIACube coordination anticipated at SFCG and led by JPL (fully Deep Space)
up down |updown |up down | up down up down |up down up down up down |up down up down
118545132 I ARGOMOON N-GSO 03.08.2018 API/A 12246 2885 11.12.2018
118545132 I ARGOMOON N-GSO 03.08.2018 API/B 1067 2896 28.05.2019
120500269 I ARGOMOON N-GSO 23.12.2020 PART I-S 2944 20.04.,2021
120500269 I ARGOMOON N-GSO 23.12.2020 PART II-S 2947 01.06.2021

VT P
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GS and Operations readiness “argotec
RESTRICTED ACCESS
' ot ROOM E \AY ROOM * MCS based on commercial software
1
' ! * Custom software (MARGOT) for data
1| |~ spacon ~ AVIONICS o, 2HOUND
! A\—g \ 5 “ON‘ROL'E'E ! oo ] processing and visualization developed
: - P by ARGOTEC.
1 ~ ARG NAV ~ SOM ~ PLANNER ! B
: .!u—5 A 5 A § ! * Flight Operations Procedures (FOP)
T T T T T T T T T ! validated by the FCT during SVT.
:- BACK ROOM ! [ TEAM B
1 1
1 F 1
: ‘f‘\ SYSTEM r-\OBCSDH * ‘f‘\ POWER :
1 I
! APE o PAYLOAD s RADIO I
| h B B e B
1 1
- _REETEIC-TEE AECES; D;H;JG-RE-:QCTITJE_ T
*  Operational features under finalization (timeline,
connectivity and data sharing); End-to-end dry run
simulation of the Ops phase planned in June
o~ S The same GS-MCC will be used also for ArgoMoon
> gy mission, with the additional Encryption functionality

due to the sensitiveness of the data)

o \ F | %




LCC Operational Timeline “argotec
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Day 10 1 DCOOM1
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Day 8 OM1A . . . .
C T T EMEMN T T T T T T T T T T T T [ BT T T T 1| »« LICIACube mission timeline
Day 7 DCO OM2
E T TN [ [ [ [ T T [ BT [ T T "W T [ T[] == hasbeen optimized to
ay
o[ [T ] [ T T T T T T BT T T T [° [ ]| 2teset :
— o operate the correction
B W [ [ [ [ [ [ [ BT T [ [ T [ ]| 22t
Day 4 DEDDMS D[.CIPU\NTUPDATE(hy‘pJ maneuvers, the pa}/]oads
T F"'omm [ [ [ [ [ [ ® [ 7 T [ 17 [ ]| 23se . . . .
Day 3 calibration and navigation
N N N I I I// [ ]| 24se N L
Day 2 OMB3A DCO POINT UPDATE thvpg] 2 2
mmaging, as well as the
C T W [ [ [ [ T [ T T [ T ] \//| LT [ T 1| gIng,
Day 1 . . ° °
| [ | F* | | | | | F | | | \ | 26-set PeT'lOdlC communication
| \ | | | | | | | | \ \ |
24h 23h 22h 21h 20h 15h 18h 17h 16h 15h 14h 13h h wi n d ows
IDaploymEnt IOM DSun—Poinﬁng DDSN prep+sweeap A Maneuver cmd upload NDMINAL NOTES
DDeployment Contingency DOM Contingency IEarth-Pointing IFlcture(sl D=DART, C>calib, N>opNav BAC k' P NOTES
17/09 19/09 ??gg ?gf gg 26/
03:00 02:45 : : 2311 RELE: Release from DART
CAL1 OM1-A Oz OM3H C/A CAL: Calibration Maneuver
MENEUVERS | |7 | 1] | | OM: Orbital M
SEQUENCE | t | : rl ital Maneuver
| | | | | A: Nominal
16/09 19/09 23/09 26/09 B: Backup
23:15 18:00 02:45 02:45 CIA: Close Approach
RELE OM1-B OoM2-B OM3-B 26/09 i ,
5315 v Possible Desaturation
RELE: Release from DART DART Impact
15 [min] aok[mm]
A f |
STRy TYPicaL |l )
\ COMM
WINDOW Check satellite health status Uplo::h(e:gm;a::“s:i;’:;form

TIMELINE

f

spaceol:,;,@ \ »} l “Not to scale 10 [min] _ 38
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LCC data budget ~argofec
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PAYLOAD SIZE TOT. MEMORY [MB
Ll The data budget analyses lead to
LEIA 2048 x 2048 [Full] 8192 . . i
1024 x 1024 [Binned] 2.048 the estimation of the possﬂa]e
LUKE 2048 x 1088 [Full] 2176

number of pictures expected

during the comms windows

DATA-RATE
Data 16 kbps | 32 kbps | 64 kbps | 128 kbps | 256 kbps EE
L IF T7 c i : ;E
LEIA [Full] 77 39 32 10 5 s
LEIA [Binned) 21 n 9 3 2 28
[ -8
LUKE [Full] 19 10 9 3 2 E -

Expected mission data-rates

256 [ T T T T T T T
Total number of photo during 1 COMM window 2
Data-Rate Net Time for 1ia
download LEIA [Full] LEIA [binned] LUKE [Full] '
[kbps] 2
[min]
16 80 1.03 4 39
32 80 27 83 78 'g |
¥e]
64 80 2.4 9.8 92 %
128 80 86 344 324 g 178 \ /
®©
256 80 176 70.69 66 3
64
a b 1o
16T Yy
8r 1 1 1 1 1 1 1 1 o
0 20 40 60 80 100 120 140 160 180
Days From Deployment

Distance from Earth [km]

39



LCC data processing “argotec
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*  MATISSE is the ASI SSDC scientific e e imiicisii s
webtool expressly dedicated to the

search, visualization and analysis of

Select Target Missions Instruments

data coming from planetary ' SN

Select all

exploration missions I
https://tools.ssdc.asi.it/Matisse “‘

* Plan to use MATISSE, to manage ey
LEIA and LUKE observations in an 4
optimal way, by using both its data
search and 3D data projection

capabilities

W/sR/nm/s

-

* Robust image processing prepared

)

for the calibration procedure



LICIACube activities in progress | orgofe‘(:
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Flight Segment
* Satellite in Cruise Phase (piggyback of DART) and in “off” status
* Temperature telemetries are nominal; periodic battery charging through DART
successfully performed;
* (Calibration of payloads (on ground) and data analysis are in progress
Ground Segment
*  Connectivity test between the GS nodes periodically performed (second run) with
success. Simulation of representative data set flow expected soon
* Ground Data System - GDS testing between LCC-MCC and DSN antennas completed
* The whole LICIACube GS chain process is ready to be testing adding the data download
from raw to telemetry between LCC-MCC to LCC-SOC

Operations
* Data Products definition completed;
* Tools Software to process Data Product completed vy
LICIACUBE
* Operational Plan, Schedule, Timeline, Procedures S o evENT  sTaTUS
06/12/2021 BATTERY COMPLETED
prepared in ﬁ]"St ]Ssue. DNFF,;(I;:EA:ILION (DOY 340) CHARGING
’ ’ 29/12/2021 BATTERY
COMPLETED
EVALUATION OF [DOY 363) CHARGING
THE TELEMETRIES
N® DATE EVENT STATUS
STOR E't'ﬁ AND . 17/02/2022 BATTERY COMPLETED
REPORT TO THE iDOVd?ﬁ CHARGING
TEAM

*NOTE : The data received are stored in a specific logbook maintained by the
SpaceOp& \ ‘ / Argotec flight control team 4 1
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Conclusions argotec
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Italian first cubesats in Quasi- and Deep Space, namely ArgoMoon and LICIACube, have been

completely developed and they are now going to enter in Operational phase

August 19 2021 Credits: NASA — Kennedy Space Centr

The projects implementation and mission preparation allowed the building and training of a

large and skilled national team, well prepared for similar future challenges
Small satellites, as short-time, low-cost but highly-specialized elements, confirmed their

potentialities as powerful tool to complement traditional missions.
Considering the specific framework of these initiatives, they also benefit and promote

international cooperation with partner Agencies.
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