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Space Mobility and Logistics S&T 2030 and Beyond

Upgrade/Repair via Modularity L : XGEO SDA
Omit RepOSitioning : :)::::&um:s :ﬂ’:‘:’*“’l "\ \ : !'::‘:mm:cfy::::“i:h(cmmx
7 Move asscts atwill 7 Upgrade with acw capabilitics \

7 Augment space traffic control aleag XGED lanes and
» Decommission at cad-of-life » Evedve capabilitics along with missisas and threats around Moon
a5 The “lmmortal Spacecraft”

7 Inspecton and characterization
»  Multi-ageat collaboration
: e
& N Expler disaggegationboyend LED ¢ \y”f"

'\ :, \ Autonomous RPO-Docking

Responsive Launch . o )
» Laumch to amy erbit from amy lecation | XGEO Operatlons

» 240 aunch call-wp ~. » Enadic and protect commercial shipping laacs
»  Hot-swmappable payloads 7 Suppert cvil cxplecation of docp space

7 NEVER launch ballast again

Maneuver Without Regret > Manearrominsted g ovrngs mut mod proplio

7 Protect and defend US government, civil and commercial interests

» [mable trudy persistent assets and platforms throsghout XGEO .
Dynamic
Response &

p2 On-Orbit Assembly and Comple:tMy -
Manufacturing e

tme 30d place dictated by
7 Assembly and construction of large structures GYRIMmIC 1CCRIMNYS !
» Basis for space based logistics chain Create ancertainty Biroagh \
» Enable space commeodity cxchanage compicuty &
# Tailor structures for cavircament not launch

Mld -flight Refueling Novel Orbits
Use fucl required for the mission

Learn how novel, low-encryy
Decrease traasit ime / Increase revisit rate ordits can be cxpleited
Fly novel fight paths for mission roquirements Map the dymamic Earth-
Singie foci type muith mode propulsion Mooa LaGranage Points
» Decrease laanch mass with corresponding cost reduction

GED - 2x GED

q-l-'E:EEUj_-’f_&ﬁﬁﬁ%a)**{% Source: Small satellite conference 2022
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SUNRISE
—

~ DIONE

FUTURE MISSIONS IN 80LD
PARTNERLED WISSIONS*
'COMPLETED MISSIONS+

SMALLSAT/CUBESAT SCIENCE FLEET

PREFIRE®

PETITSAT

PTD-1 HYDROS®

PTD-3 T-BIRD*

PTD-4LISA-T*

TSIS-28

For quastions, please contact Fioronce Tan

STARLINGc DiskSat
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SWFO-L18
EDSNC™*
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cuse
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CubIXSS"
I-COVEX*
ELFIN{A/B)
GTOS

QuickSounder®

— ! TECHEDSAT-12

SPORT & T

ECHEDSATT*

COURIER SEP DEMO*

ACMES
TROPICS

CARSTONE

LUNAR FLASHLIGHT SNO
CU-E3 ‘ il
TEAMMILES A
CISLUNAR EXPLORERS®

ARCSTONE

TILEDEMO*
X-NAV*
DUPLEX*
CLICK-A*
CLICK-BICC*

NODES€™

s V-R3X
OE PACE! ATHENAS

PACE2 PACE3
SEEKER-1* PACE4

SHIELDS-I*

TEMPEST-D (ESD)
V-R3X (STMD,

Failed

Q-PACE (PSD)

LunaH-Map (PSD) PACE 1 (STMD)

ORERS(STMD)

3U3-A
EZIE SOLAR CRUISER®

CURIE
REAL
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Imc
AEPEX
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" TRACERS®
" SUNRISE
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WindCube

&

mEC \
SunCET ‘MUSES
HelioSwarm®

i ESCAPADESS

FUTUREMISSIONS IN BOLD
PARTNER-LED MISSIONS*
COMPLETED MISSIONS+
SmaliSat Mission ®
Consteliation Mission ©

OPERATING, PAST, & FUTURE

SMALLSAT/CUBESAT FLEET

For questions, please contact Florence Tan.

| White: 3U or U units

| MhiSat

| Yellow. Muttiple units

ESPA-Class Mission
12U Mission

Source: NASA
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Electromagnetic Spectrum Architecture for Lunar Region
Radio Frequency and Optical

LO RNSS-to-LLO
> 2483.5 - 2500 MHz

LO RNSS-to-LS
> 2483.5 — 2500 MHz

> [5010-5030 MHz]

3

Eny
i LS-to-LO

Lu.nar Surface Communications &’ Y > 406 — 406.1 MHz* for SAR (emergency only)
Wireless Network 4 E : > 435 — 450 MHz*
> 390 - 405 MHz N . > 2200 - 2290 MHz
> 406 - 406.1 MHz* for SAR 4 - > 27.0-27.5GHz
(emergency only) f
410 - 420 MHz

435 - 450 MHz .
2.4-2.48 GHz LO — Lunar Orbit

2.5035 - 2.655 GHz e * LS—Lunar Surface

3.5—3.8 GHz W & * GNSS - Global Navigation-Satellite System
5.15 — 5.835 GHz prs LO-to-LS S * RNSS — Radio Navigation-Satellite Service
5.855 — 5.925 GHz R >390-405 MHz' @ 4 * SAR — Search and Rescue

25.25 - 25.50 GHz s P > 2025 -2110 MHz * [Frequency Range] — Under Study
27.225-27.5 GHz > 23.15 - 23.55 GHz

27.5 - 28.35 GHz - >

67 — 70 GHz ‘ Notes:
- ) - 1. Consistent with the IOAG Architecture, NASA-SCaN Lunar Architecture, ICSIS and SFCG REC 32-2R3

VvV VVV VYV VVYVVYV

. 3 .
> > ““LO- to-LO (Relay Cross Link):
LO-to-l0 I >13.75-14.0 GHz

> 2025-2110 MHz > 14.5-15.35 GHz

> 2200-2290 MHz mAe =28 i t with ITU-T Rec. G.694.1

> 27.0-27. ]
> 23.15-23.55 GHz 205 2ia 0l 6. ’ MHz spectrum u for EVA comm may occur in LO (e.g., from a spacecraf ch as Orion
>
> 27.0-27.5 GHz

Updated 5 August 2022

Source: NASA
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LEO,. MEO, GEO, AELiE=>T=H . B F L

VLEO. LEO. MEO. GEO. XGEO. Cis-Lunart EE L H
USAFIZXVLEOEXGEOAE B4 E L CESE

NASAI|ECis—LunaréUVD EE

51&. CubesatZz S O/NEF 2 D EEIEB AL K R A H

Z5[Z., AerospaceCorpfelE @ Cubesatik &£ ! (D DISKSATREEHVLEO EXGEO TH| AL K R A A

RocketLab/Cis—Lunar~CAPSTONEIEE# (12U0)H A X & T LT &SIz /MOy rDIT LEEHRERE
glﬁgpfzglzggg%bg.s Lunar& W\ S3T EH—E XADMLE KT S R[EEEHY (hrORXO4y b D k&b AV
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Develop Cislunar Space Next

YESFORN!
International involvement in DevSecOps and exercises
« High-cadence exercising of new software, data sources, ﬁ
and op in live-virtual-constructive scenarios &= '0'

* Integrating commercial and allied data sources

Innovation Portfolio topics
* New phenomenology, sensing architectures, and
component technology

Space Domain AwarenesslVLEO to XGEO |

» Harnessing geographically distributed allies to improve MSMU/HAD: Integrated commercial

: : : li i
coverage, timeliness, and capacity . CPaE”g ?L'setdi:a’;sr‘f’igsh;gtroesggises

* Enormous basic research opportunity: trajectory
estimation, maneuver detection, uncertainty quantification

Source: Small satellite conference 2022 Source: NASA
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UL ) PRETTY (3 ————
studying atmosphere ) demonstrating GNSS demonstrating

\ g asteroid
re-entry 4 . reflectometry rendezvous and identifying

. in-situ resources ‘
RACE (2x6U

demonstrati ‘ng rendezvous ’

and docking
monitoring climate
variables

HERA CUBESATS (2x6U)

A \ CUBESPEC (6U) 1 : observing asteroid
| \ : Eal deflection assessment
domonstnﬁng \ Pt ar=n
constellation < A 57 goMX-5 (12U) RS

technologies i ’ demonstrating next 4‘
' generation constellation .

)

-~

www.esa.int

technologies

demonstrating new g RadCube (3U)

platform . measuring space LUMID & VM
technologies ) radistion and magnetic Y

field musurinn Iunlr surfa:e impact hazards & /

in-situ resources

4

studying the atmosphere \ Sunstorm (2U)

measuring X-Ray
fluxes

— ESA'S TECHNOLOGY CUBESAT FLEET European Spacui;"_ | o

Funded in GSTP Fly

Cubesat!) X+

Source: ESA
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