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AEROSPACE & DEFENCE

NQASCOM _Qascom Lunar PNT recelvers Ievelopment

Qascom has deflned a technology roadmap W|th the objectlve to support Nawgatlon of Future
Commercial and Governmental Moon: Missions -
Qascom PNT Recelver Teohnology oovers |

GNSS Moon Posmonlng e

LCNS Moon- Posmonlng _ %

LCNS + Moon Beacon Posmonlng

PNT Receivers

Moon LCNS
Products
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Q AARER! Why Lunar PNT Recelver Standardlzatlon Matters’?

Context: a New Lunar Economy Industrlal & Economlc Impact
>100 lunar missions by 2030 Reduced Development & qualification cost
Lunar PNT receivers becoming strategic technology, , Standards transform a niche product into a

not m|SS|on speC|f|c payloads _‘ scalable mdustry

PNT is a Foundational Lunar Infrastructure e
Future lunar systems will broadcast standardized . - e
interoperable PNT services LCRNS (NASA) :
Moonlight (ESA) - LNSS (Jaxa)
Standardized receivers are the key enabler of
interoperability

Safety-CrificaI Operations T I.ntegrity Is o
Mandatory

60% of mission are Safety Critical S . \ -
Without standardization — no scalable safety St ' A l’ a = T .~
T s T R T R e T D R s e fvatiy ; B b -
‘ R ¥

Lunar PNT receiver standardization is a strategic enabler of safe, interoperable, and sustainable lunar
exploration
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What Is a “Lunar PNT Recelver”? 3

‘J.i.. 4 ,'_ ;“n:- e o
e ALs D G

What Should Standardlzatlon Cover’?

T Functlonal behawor
o ** i Slgnal processing
 Nav Performance
~ Interfaces =
he ‘-"’-Integrlty L
ey Antenna & |+ _LBand ;._j.kj,_.»~’~Cert|f|cat|on testlng
A - - Environmental qualification
'+ (via Space Qual.
~ Standards)

LCNS SIS

Lunar PNT Receiver_

N T AR IO TR

Lunar
Beacon Tx
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Lunar PNT Recelver Standardlzatlon Layers

P N e Y .«,‘?’1
e i

'~ Lunar PNT receiver standardlzatlon should comblne the physu:al robustness of space GNSS :
recelvers W|th the naV|gat|on performance and |ntegr|ty defmltlon of aV|at|on GNSS standards! : ‘

'1.RF and Antenna Layer S
2. Signal Processmg Layer S
‘3.‘NaV|gat|on & PNT Algorlthms Vi

| /4.',Data Interfaces & Protocols : ~ s Vs

5 Tlmlng &Synchronlzatlon ~ ‘.'V"_. «
6. Security &Authentlcatlon 'L-ayer s ~ | T

, 7;,Envrronmental & Radiation Hardness Layer ' Ly e X

; 8.':System Perfermance Metrlcs s | 2oV |

- UNCLASSIFIED FORPUBLIC USE
: ~QASCOM -~

g_’ f’;_,-
cw ~~~*‘-’.': =



QS PNT Recelver Standardlzatlon Layers (1)

. Layer 1: RF & Antenna Layer main tradeoffs and key speC|f|cat|ons s
Separate or unique L-Band / S-Band Antenna _ Py
Antenna Radiation patterns (RHCP Galn Axial Ratlo)

RF Chain Filters frequency select|V|ty for mterference |mmun|ty . : :
Phase Centre Stablllty Phase Centre Offset (PCO) and Phase Centre Varlatlon (PCV)

Flat Panel Requwes Earth pomtmg for GNSS receptlon ; i e Lunar MISSIOHS EMI enV|ronment shaII be well defined:

15 dBi peak gain, ~25°HPBW. .-~ .~ © = = ', - ‘,_f‘,LCNS Nav Frequency band is close to LCNS Com
EMI Compatibility Testing fundamental to assess |mpact on  Frequency Band. ~ -
GNSS frequenCIes s e o s :_COTS products (S Band TT&C) shaII be optlmlzed for .

=
;;,
a
k=
a
3 -
o

—OP2 OP 17 OP21 =—OP23 =—OP77_1
== OP 14 OP 18 Op22 =—OP77 == OP781
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N QAASCOM PNT Recelver Standardlzatlon Layers (2)

AEROSPACE & DEFENCE

Layer 2 Slgnal Processmg
Signal Acquisition Sensitivity => Avallablllty

Signal Tracking Sensitivity => Availability & Accttracy Size the early design stage to size the receiver for

NaviaatichMes s bl i ’ | Ao : ~ several channels adequate for LCNS; LNSS;
g g s s LEaret e ..~ . LCRNS (16 channels - 8 Channels x 2 Antennas)

Numberol miE 7 ' o : - : | ‘ ~ The Block Interleaver on SB2, SB3, SB4 introduce
' s mitiie EEE e Latency in the single Blocks decodlng >|ncreased
- time.to firstfix.

In-flight C/NO estlmates are lower than predlcted by LuGRE pIannlng 7+ Achieve full mteroperablllty between systems
simulator : - - require Almanacs information from all the

Reliable acquisition of GPS and Gallleo Satellites | o - constellations to be shared between systems
Up to 8 - 10 Dual Constellatlon/ Dual Frequency L1/L5 Measurements ’

QS Postprocessmg have demonstrated that Other Constellatlons can — —
used (Beldou -SBAS, NAVIC QZSS) > : | g b To\8 7D

Navigation Message caribe reliably @8coded s . il R
=> Reserve at Ieast 12 Tracklng Channels to GNSS e :()

Mean FER Percentage Value for each signal

Max Number of GNSS Measurements

6000 Symbols (12 sec frame at 500 sps)

ntage [%]
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EN_GPSL1 m®mN_GALE1l N_GPSL5 mN_GALE5a GPS-L1 GPS-L5 GAL-E1 Gt R .
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QASCOM PNT Recewer Standardlzatlon Layers (3)

" ‘Layer 3: Nawgatlon & PNT Algorlthms G e ; Lesson Learnt (Moonllght)
Required position, velocr[y, and time outputs Lunar Surface S
Use of Differential Corrections, DEM & other Sensors ff e < 3D EKF Posmon Error < 0m
Integrity Monitoring & Fault Detecton 1-“." "f\.i‘f‘f‘Wrth D|fferen;tr*al Corr —'60%
Performance Budget AIIocatlon (Orblt Clock N0|se) - With DEM — 70% ‘
Valldatlon Scenarlos SR e e Wrth iEM + Drfferentlal Corr - 3% :

LCNS\ &

LCNS
Satellite

Satellite

; Lesson Learnt (LuGRE)

" Lunar Orbit S

-+ 3D POD Posmon Accuracy < 200 m
i - POD Avallablllty >85% -,-g .
Lunar Surface .

3D POD Posmon Error < 1 km .

“PVT Avallablllty 2o0%

POD Avallablhty >95% ', ﬁ

. Download LuGRE Data!
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Alrcraft Fllght Operatlons e

En Route e Termrnal

| En-route. g

_’Avratlon Possrble reuse of a Concept from Avrat|on (Equrpment Classes (DO 229D/E/F and ED 259) MOPS
-~ performance classes refers to operatlonal eqmpment classes that deflne WhICh phases of flrght and
_ approach types a GNSS rece/ver is certlfled to support et i :

.(
»
e S

~ RNP4 /RNP2. .

Terminal 3 ;’Class.,_lBeta o :

“RNP2/RNP 1

Approach LNAV (Laterar Nav)._f.,:"j Class 1 / Beta o GNSS + SBAS + Baro altlmeter

RNP03

“ho Approach LNAVNNAV

‘ GNSS + SBAS/GBAS + IRS + Baro aItlmeterZ
(Lateral. Nav 1 Vertlcal Nav) o : . '

2 ]:Class 2 l Gammaf L o

'RNPO3

| Precision Approach LPILPV | ' '”.;GNSS-+_:-SBAS/GBAS}+ |:LS'+VQR+.DME

RNP 0.1-0.3 .

z (Localrzer performance) e
g i A UNCLASSIFIED FORPUB!J_C USE




What can Be Reused from Awatlon GNSS Standards’?"
Concept applled to Lunar PNT Recelver :

., ~'

= :Ea;rth-_li\/loon Trans‘_fe‘rf:- e

Astronaut EVA
Lunar Orblt :

Earth — Moon Transfer Lunar Class 1:}(‘ e

| Lurar Orbit - e 'j'fr-'-‘_j._-,Lunar Clas 51

fA'i;._f:GNSS ¥ LCNS Recelver e g 3D Pos < 100 m
_-ﬁf-’"-‘f'A.LCNS Recelver + Lunar Beacons + Sensors H.Pos<50m Yes
';':_'"_v_i"—_:?(||\/|U Altlmeter V|$|on DEM) du iy . V/Pos<100m.

: Landlng

i Rover LunarCIassZ L ‘T(GNSS) + LCNS Recelver + Lunar Beacons +t “H- :F;’.os <50m Yes

L R B e _j'r.:'-Sensors (IMU, Altrmeter V|S|on DEM)
ik Astronaultr;éi'/a"i_ LunarClass3 ',A""LCNS Receiver + Lunar Beacons +: Sensors ‘H.Pos<50m  Yes"
[ el iRl s s e o (MU Altireter; DEM) - _ : L
R ' D N T UNCLASSIFIED — FORPUBLIC USE =
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NQASCOM Example of Standardlzatlon LuGRE EWSS Experlment

AEROSPACE & DEFENCE

Galileo EWSS is a successful example of service—receiver mteroperablllty and prowdes a powerful model
for Lunar PNT receiver standardization

During Operation #34 (13-14 March 2025), Dummy EWSS Message added by ESA on Galileo Satellites
PRN 13, 15 and 34

1F f Instr. .
ype of Inst Instruction

Issuing entity Hazard type Hazard Characteristics Library Target area Specific settings

\ . . . lik : :
14 bits 7 bits 19 bits + version orary 49 bits 17 bits

Message
Type

2 bits 4 bits 10 bits

/ Test UN Natlon
(Lunar
Safety Org)

R

Galileo PRN'13 -

oL e 5 ; : A Yl A i 3 ; T v 3 L
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- 28

>

Jaascon Exam ple of Standardization: LUGRE EWSS Experiment

Galileo PRN 13, 15 and 34 were Acquired and Tracked at the Moon: FRe . e Say
- Between 15:00 and 21:00 on March 14th 2025 e o D
- Between 06:00 and 12:00 on March 15th 2025 R

Earth Occultation et ' Ay

Name v Last * Min Max |& o serieionse .
a a8 o= E36-E1 17.426  17.426  34.379 l T : <o
' E34-E1 22146  18.278 3779 |Sase oy frmE
36 - E30-E1 22.068 19.604 231 . : g Sae)
- E25-E1 21.868 20.596 23.323 i aaNEa

E15-E1 20.029 19.2908 32.878 el :
32 E13-E1 29.858 18.513 35.844

40

34

30
1 Mesrageldeolifier
26

" 24
" 22

1
0
0
0
0
0
0
0

18

16

15:00  15:30  16:00  16:30  17:00  17:30  18:00  18:30  19:00  19:30  20:00  20:30  21:0
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AEROSPACE & DEFENCE

D QAS COM A Proposed Standardrzatlon Approach & Elements for Future Work

2026 Lunar PNT Standardlzatlon Status _ Recommended Bodles
Lunanet Architecture - @ well deﬂned e »”f_{j_, 7 1ICG - Internatlonal coordlnatlon | » :
s o ESA / NASA [ JAXA / ASI/ CNES = System allgnment
CCSDS — Technlcal standards & archltecture :

= Sl Industry consortlum —> Implementatlon feedback
Certlflcatlon o not deflned e _:-,:x";] USRI =

Protocols and Slgnals 0 under def|n|t|on '_fj

PNT Recelvers _ R&D phase prototypes

Lunar PNT Standardlzatlon Proposed Phased Approach (Next 5 Years)

e Foundatlons el o Interoperablllty .| - cCertification
: : A 3. Multi-service profiles, 4. Integrity > g: rrtri‘fFi,cl:I:tri‘:r? &
. test scenarios - framework framework
, Shared receiver model Preventearly Recelverforward compatlblllty ’SUppo'rt. Sk Independe‘nt S
across agencies @ « g ¢ fragmentatron Of trme Comparable performance . crewed  ° _ verification of

LunarequwalentofGNSS - handling. - s oen covalidation D e e - ‘missions . compliance

- - MOPS cIasses et _,_PIUQ -and- play e
EE g ;”,jspacecraft_lntegration.r )
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Thank you!

SAMUELE FANTINATO
Head of Navigation Technologies Division, Qascom

Mail: samuele.fantinato@aqgascom.it
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SGASECOM. What can Be Reused from Space GNSS Standards?

From GNSS Space Recelvers (e g. for LEO NaVIgatton) the followmg standards are reIevant and well
established: — G . B

European Space Agency ECSS Standards o
'NASA GEV Standard and others G

Ecss and MIL,’

New Space modular hardware deS|gn with hybrld commerC|aI/rad toIerant eIectronlcs
Software Deflned Radio (SDR) concept for reconflguratlon and adaptablllty to new mission requirements
Adoption of Multi constellatlon and Multlfrequency :

,Introductlon of High Accuracy Positioning (e. g W|th Gallleo HAS) and Robustness agalnst
Jammlng/Spoofmg - -
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