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Spacerelated activities at Polimi

P Rescarch MR Innovation

) ;Der_;tartmen‘;(m * Home of one of ESA%s
BSc in Aerospace e ) BICs (Business

entirely devoted to -
: : Incubation Center
Engineering aerospace research )

5 5 O (only one in Italy)  Jomt Research

Platforms (JRP) with

Undergraduate * Space-related main national players
students .research also spread (ASL, Leonardo, TAS-I,
. . \ in other departments/ SITAEL, etc.) /
MSc in Space PhD in Aerospace
Engineering Engineering
200 50 -~ Third mission ™
Graduate PhDstudents

students * Home of the Space Economy Observatory

Yearly enroliment in AY 2022025 * Contributes to shape space policy at national and EU level
+ classes in other courses (EQO, felecom, efc.) \ /
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The DART Lab

* Deep-space Astrodynamics Research and Technology Laboratory
* 45 full time researchers (7 faculty members, 38 postdoc/PhD/RA)

Main activities

r projects

Gesa_ .

Hera’s Milani RA
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Mission design

C .. N JYouarehere o Migsion designto plan and organize a
ssion / R .
Y space mission from concept to execution

S * Output: Mission profile, phases, conops, etc.
N ) ) We are here * How: Paper and pencil
{
-  Mission analysisanalysis of satellite
orbits to verify mission requirements and
N fanalysis 3 define payload &system requirements

* Output: Geometric, knowledge, dispersion
OO analysis, delta-vbudget, etc.
Payload &system * How: CQIS or custom, §ophistic ated tools
design depending on the mission
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Notable case 1: DROID

Credits: JPL

Shepherding Apophis Through Close Approach; ;
Cooperative Inspectlon to Characterlze Interlor and Exterlor

DROI

: Deep Space Maneuver Il -

9/2028 Approach & Initial Charactenzatlon £

12/2028

Earth CIosest Approach (ECA)
" 4/13/2029

2004 GU9 Flyby.
5/2028
-V,_=.8.6 km/s

- Post-ECA Characterization
Untll EOM :

\\y

=

.1

Deep Space Maneuvérl '
3/2028 4

. Lainch :
"+ In12/2027
C 13.5 km?/s2-

*Disfribu'ted Ra’dar Obser;lations of Interior Distributions.
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@® Initial position

Notable case 2: RGS
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RAMSES Cllbe Sat 1. S/clen(;:e - .
1 w/ radar .
- ;R;loactitﬁve Good Low Discrete Low Low
Low-frequencyradar to Y
ol i Science  Phase <90deg  >90deg (00 ~0 deg >90 deg
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. Only SK Only SK
' N « ._ Operations between <3d needed needed <2d <2d
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Against Inheren!;ly Safe tra- Safe tra- Escape is Escape is
Safety escape or safe trajec- . . . . . .
f , X . jectories jectories likely likely
v “ impact tories
ESCAPE
LANDING Compliant  Partly
Simplicity w/ 4-3-4-3  4-day arcs Yes Yes No No
pattern to be split
TRANSFER Against Robust far
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% "“ ties body
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Notable case 3: Milani

Mapping of D1and

D2

Mapping of D2,
impact crater

Resolution

e < 2m/px (for

both)

« <1m/px

(mapping D2)

¢ <50 cm/px

(impact crater)

Phase Angle

» 5-25 deg (global

coverage of D1,
D2)

« 5-25 deg (global

coverage of D2)

* 0-10 and 30-60

deg (crater
imaging)

Global
Mapping

Hera’s Milant;

Mapping Didymos
system with
multispectral camera

Close-up
Observations

Near-Earth Mission Transfer || Ejection and
Commiss. Phase || Phase Separation Phase
POLITECNICO
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Far-Range
Operations Phase

Close-Range
Operations Phase
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Mission phases
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Main challenges and trends

- Reduce on-ground operations to bear minimum

- Favour full mission cost scalability
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Interplanetary CubeSats GNC:
an emerging, yet challen
topic. |

Hints for future res:
* Autonomous n
* Autonomous
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To what extent can we navigate the solar
system free of human supervision?

The Engineering Extremely Rare Events in @;:‘:é:* gé‘é;@
Astrodynamics for Deep-Space Missions et %.ggg;;
n Autonomy (EXTREMA) project wants q:zg?]‘/p A;;&“
to challenge and revolutionize the current fe gﬁ{i}g;éﬂt
paradigm under which spacecraft are 1“"4#3«:3%.%;‘ B
piloted in the mterplanetary space. ERR I Y K

Goal: To enable deep-space CubeSats with autonomous GN

capabilities LA
ORI
Pillar 1 Experiment 1 " ‘

Autonomous Navigation EXTREMA Optical Facility
i
Pillar 2 Experiment 2 8 EXTREMA Simulation
Autonomous Guidance EXTREMA Thrust Test Bench = Hub (ESH)
// o —

—_— L
—_— ¥

Pillar 3 ¥ Experiment 3
Autonomous Ballistic Capture f‘:—‘ Ballistic Capture Corridors
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