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How we approach PNT simulation? Ospirent
Is Now Part of Keysight

Figure 2: Potential results of a GPS spoofing
attack on a naval vessel

outer

inner

Van Allen Van Allen

Radiation Radiation
Belt

: Belt

(GEO

1
RTT: 20 ms 600 ms Thermosphere
Radius:0 km 7000 km 27 000 km 42160 km
International
Height: 500 km 20500 km /35790 km R
Environment Signal Interference

Geostationary (WAAS, EGNOS, MSAS, NaviC)
Medium Erath Orbit (GPS, GLONASS, Galileo, Beidou)

Low Erath Orbit (Starlink, Xona)
o Noctilugsa:ﬁrrr\‘t cloud Karman line 100 km
Aurorze Mesopause 80 km
Mesosphere
h / ( Stratopause 50 km
Stratosphere . £ Ozone |
p “Meteors zone ‘ayer m k
Troposphere ] N Tropopause 12 km
Nacreous cloud )\Cumulonimbus Roll
15-25 km clouds ®
Cirrus clouds East
6-12km Weatf}%rkballoon N %
Contrail ; m
ol \ o
Pltch coordlnabes
[}
wor/d frame"

lonosphere & Troposphere Vehicle Dynamics Antenna Dynamics

7 visible satellites

GPS Starlink

Spirent °

Proprietary and Confidential


https://commons.wikimedia.org/w/index.php?curid=11626459
https://commons.wikimedia.org/w/index.php?curid=47210072
https://commons.wikimedia.org/w/index.php?curid=83888262
https://commons.wikimedia.org/w/index.php?curid=24006541
https://commons.wikimedia.org/w/index.php?curid=10893168
https://commons.wikimedia.org/w/index.php?curid=566537
https://commons.wikimedia.org/w/index.php?curid=1004215
https://commons.wikimedia.org/w/index.php?curid=110178369

Agenda Ospirent

Is Now Part of Keysight

 How we approach PNT simulation?
* Lunar PNT simulation challenges
» Use case

Spirent Is Now Part of Keysight ‘



Lunar PNT Simulation Challenges Ospirentw

Is Now Part of Keysight
@7 Lunar Orbital Dynamics Modelling & DUT position

New dynamics model required to account for the uneven gravitational pull from the Moon, perturbations from other
celestial bodies, different solar radiation pressure, etc.

/1\‘ Selenodetic Reference Systems

Including spatial (body-fixed and inertial) and timing reference systems.

LunaNet Signal Definition

Simulating low-level signal parameters and flexible navigation data content to accommodate users’ needs.

Signal Propagation

©

Antenna transmission, free-space loss, relativistic effects.

&

Moon’s ephemerides & topography

Critical for obscuration and multipath calculations as well as Moon-to-Earth comms.

Proprietary and Confidential Spirent °



Lunar Orbital Dynamics Ospirent

'l -l —T — . ><I t
[ 1.00 ~ Postion (ECER)
) x s
Fo75 g by B8
[ 0.50 ags =
| 8 lunar-orbiting satellites
LunaNet Interoperability F0.25 . . q
PR R distributed across 2 ELFO orbits
Foo0 £ received by a vehicle on the
Version 5 o surface of the Moon
T-0.50
—0.75
—1.00
749-00
29587711 et
ik , -100 075 _g50 _g 05 0,280 2‘ ’
L X(%SO 025 050 o75 1.0&1,060'750'500 viw
FLEX definition of LunaNET signals based
: : & Received Signals [re— O X
on latest ICD available (Version 5)
han Type SPTx SPTxEcho SPEcho Echo PRN Elev. Azm Tropo Iono [ Pseudorange | PRrate Power Clock correction
1 GPSL1 - - - 1 -33.8 4.7 0.0 0.0 | 4296965.703 § -390.35 -65.00 0.00
2 GPSL1 - - - 2 -345 -143.1 0.0 0.0 J 9776500.511 70.89 10.00 0.00
6 GPSL1 - ~ - = 3 44 -1144 0.0 0.0 7059094.304 § 394.17 10.00 0.00
7 GPSL1 = - - - 4 -57.1 -176.2 0.0 0.0 | 8823314.105 -235.83 10.00 0.00
3 GPSL1 - - - - 5 149 -723 0.0 0.0 4292095.865 § -391.20 -65.00 0.00
4 GPSL1 - - - - 6 47.0 729 0.0 0.0 | 9776094.693 70.88 10.00 0.00
5 GPSL1 - - - - 7 6.8 726 0.0 0.0 7059561.199 § 394.13 10.00 0.00
8 GPSL1 = - = = 8 7.2 424 0.0 0.0 MeifaSSSie00il -235.89 10.00 0.00

Modelled satellite orbits as well as vehicle real-time orientation.

Signal received includes vehicle motion, doppler shifts and power levels
received as per LunaNet specification.

Proprietary and Confidential Spirent °



Lunar Orbital Dynamics

SImORBIT+

Embedded library for precise orbit generation
(LEO and Lunar)

* Accurate orbital dynamics modelling accounting
for gravitational effects and drag

« Generate constellation orbits — enhanced version
capable for highly precise lunar orbits

* Pre-canned vehicle types with customisable
parameters

Proprietary and Confidential

Ospirent

Is Now Part of Keysight
SimORBIT Lunar models include:

. Gravitational perturbations from the Moon, Earth, and
Sun, including harmonic representations of the Moon and
Earth gravity fields.

. Celestial Body Dynamics and Ephemerides to account
for the dynamic positions and motions of all major celestial
bodies relevant to lunar orbit propagation.

. Solar Radiation Pressure (SRP) based on a spacecraft
cross-section and material properties.

. Reference Frames and Transformations: The core
propagation operates in a Moon-centered inertial frame.

« Defined Operational Envelope: Valid for the complete
Moon’s sphere of influence (approximately 64,000 km).

2000

0
2000 2000 4000 0000
y ki 4000 e 6000 4000 200 o
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e Spirent



Lunar Orbital Dynamics Ospirent
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File View Options Tools Window Help

& *CS Environment 1| Opaterime(GPs) O X =i=Vehicle Dynamics DO X  3<position Details =
B Atmosphere file: default_vi-14.atm Start  01-Dec-2025 00.00:00 I ' SO R T IR BT
[3) Obscuration and mutipath End 10-Dec-2025 00:00:00 \ 0 /
*I3 Data loggng Current 01-Dec-2025 000000 ko9 1 -
) Looongupters \ T Orbital planes X
" Bulk logging options file; . S e ~8 1000 2~
(1% NMEA logging fle: GPS signal sources - test.gps .
117 NMEA output fie: @ i Enabled satellites 8
[Ji%) RINEX output fle: General Sotelite 1 Copy... -7 L
=) *L3 Options Satelite selection Foatelites th 8 PRN et 8. PRN set:
1) Leap second at: 31-Dec Earth cbsaraton i pEeRnS: Cowe il e N8 S Orbital planes 2
(115 Barometic height serial Navigation data errors Orbits p
[ Data dsplay and loggng fik Navigation data modification Present (]
{71 Data streaming definitio L1 CNAV-2 page sequence = =
R o o s 5 OV sisianin il Reference tme 10ec 2025 (3~ {[00:00:00 [+ Indination angle 55 degrees
| Manual multpath fle: L S MEMROF ST, Reference frame MOON_PA $Tx SPTXEh S
{7 User actons file: CNAV ISM data = :
E11R o commmands 5 Meklon Root semi magor axis (AYS) 2557.34237050888 mevests 4 Semi-major axis 6540000 metres
“T3 RTCM reference stations Orbits -
Eccentriaty (e) 0.6 - h
() Number of RTCM reference Perturbations ) :
B2 motsmmedl Tk eror e e o5 wses |ECI m— 4| Orbital altitude 161863 metres
= M GPS constellation Diff. correction table S _——
[®) GPS signal sources file: test Clock errors Mean anomaly (Mo) 0 semiardes ECI_B 19 50 Frst| £ i
J@ Eneble Tx antenna paty Rotational commands Indination (io) 0.305555555555556 semicrdles MOON PA stlongitude of ascending 0 degrees
@ Encbie userdefined dat Satelite personakty -, ——
5 T vehide 1 & Signal control Longitude of ascending node (weekly epoch) (Wo) 0.00547562382078932 semicrdes MOON ME 50
et Gaiiira {58 Ch— _ Longitude of ascending node spaong 60 degrees @ Auto
B tsreenenl | Suoons e =" JEARTH_ORBITAL_PLANE
= "3 Aiding Upload details Incdnation rate (idot) 0 semior. js e -
CIE) N mode! fie: Off times LME2000 First mean anomaly (MO) 0 degrees
INS model file: Intentional sat. dock noise Right ascension rate (Wdot) 0 semior. /5 MOON 12000 I
INS mode! fle: ISCN global o x
Mean motion difference rate (Delta Ndot) 0 semior. fs* - Q0
model file: ISCN per satelite B ——— In-plane M0 spacng 90 degrees Auto
= Opwvsms i Sem major axs rate (A-dot) 0 mis Al E Properties.. | Al satelite types, azimuth v eevation, ne multipaths .
15 Gsensitivity fie: N
15 Vertical pane fe: Settodefat  Make geo... Between-planes MO offset 5 degrees (@ Auto
15 Land mobie multpal
T2 Antennas Ground Track...  Load orbits from file... | Save orbits to file... Orbital planes
([ﬂ\ Antenna configuration | Orbital data source
B (@) Antenna 1 Data
() Signaltypes: GoS R r S ) Help Cancel
« ¥ Hardware channels
I3 Options 2
[J1) Receiver do 3 m = v x
|11 TargetDOP woo.oo t g
o Enable refle oooooo 9
= @ Antenna pattem c¢ 00:00:00
vV @ Enable level 00:00:00
[ 1@ Enable phas 00:00:00 g
()@ Enable polat 00:00:00 F :
S 206600
[®) Level pattern fie: default_v1-0.ant_pat 00:00:00 )
00:00:00
GPS best set = 2,3, 4, 5, GDOP = 23154 (All = 23154) L :
Ready 01-Dec-2025 00:00:00 GPS GF ot (0 Fepiay [0 L0 HANEDUSGUpURSEcire9000 ISTESTEIERIN REsan
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Reference Systems — NASA SPICE Ospirent

Is Now Part of Keysight

Implementation of selected SPICE kernels to define and
manage reference systems.

Modular integration that ensures:

e Dynamic Frame Resolution: Accurate
transformations between inertial and rotating
reference frames (e.g., ICRF to Moon-fixed or ITRF).

o

Spirent

Simulation Engine

e User-Defined Frame Flexibility: Full support for
custom frame definitions without requiring soLK(— |’ R

Modules

o . ) Library
modifications to the simulator core.

Maybe some
other needed
data as well

e Future-Proofing: Ephemeris and frame data can be
updated by users via kernel files without code
changes.

eofi 2] [ 8] o] f 0

Select kernel types and specific kernels as needed

Proprietary and Confidential Spirent e
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File View Options Tools Window Help

QOspirent

& *C2 Environment || ©patermime(cps) O X =i=Vehicle Oynamics 3¢ position Details o X
[ Atmosphere fle: defoult_v1-14.5tm Start  01-Dec-2025 000000 Fosition Attitude
[8) Obscuration and mutoath End  10-Dec-2025 000000 Latitude N 0 0.0000000 Heading 0" 0.0000000
- Eﬁmwm Current 01-Dec-2025 000000 tude £ 0* 00000000 Elevation  0* 0009000
51 ulk logging cotions fle: Timeinto run 000000 Height  000m Bank 0* 0.0000000
| NMEA logging fle: Duration 9 00:00:00
CIE) NMEA output fre: Bosition (ECEF) Velocity (ECEF)
LIE) RIEX output fle: 6852 count X €37613790m Vx 000 s
= *r3 Options GPS WN roliover 2
[ Leap second at: 31-Dec-2006 23:59:59 GPS Week No. 347 W sl
1] Barometric hesght serial output fie: TOW(1.55) 57600 Z 000m vz 000m/s
B Data dsplay and logging file: default_v1-0.qk Tow(s) 88400 Distance  0.00 Speed 0.00m/s
Data streaming definition fie:
[1E; €oP data fle: M Power Levels Graph Initial Reference - default_v1-O.ref X & # Received signals o x
J Manual mutpath fle: S‘;to Chen Type SPTx SPTxEcho SPEcho Echo  PRN Eev Azm Tropo Iono Pseudorange PR rate
21 sttt = 104 i 0x L s Cootdnate fame B S v 1 9 esu - . . . 1 w6 823 35 20 269872162 8.4
=t ., i W o i i B e e i e
6 Number of RTOM reference stations: 1 7= 20 st s - - - 7 26 772 29 L7 20862134.738 42.41
(L1 RTCM definition #1 file: Longitude 8 1u GPSL1 - = = 5 8 321 -1237 46 25 22613064,298 -377.38
2 N\ GPS constellation i B2 s - - s . 1 05 1751 38 22 21972271286 4881
[®) GPS signal sources e defoult_v1-21.g0s Height 13 8 Gl - : . 2 13 20 20 65 31 23502159.381 52.18
|@ Enabie Tx antenna patterns 16" 3 GPSLL - - . . % 8.3 528 16.2 4.2 24876544.939 428.17
[T)@ Encble user-defined dats 15 7 GPSLL - - - - 19 124 435 1.2 38 24496181.048 19.7%9
3 T vehide 1 X position (ECEF) o 2 5 GPsL1 - - - - 20 %1 419 30 17 21028477.875 242,01
= *I3 Motion 23 10 GPSL1 - - - - 3 215 85 6.7 32 23554459.466 $6.31
= a‘l‘:w reference fie: default_v1-0.ref ¥ position (ECEF) 0 ™ % 6 sl - - . - 2% 559 -6 30 18 20301648 2729
= 2 e .
o L 553»03 sap‘s % a:s :ﬁ 6 ‘ z ECER) 0 = £ a o = = = = ~ €A  .gAn e ac 2c7nnE 24 & co
CIEL NS moded file: [
{ J§ g«s model file: N Ground Track ] Headng +vjo 50 " O X B systemMessages 0o x
- :':;Mms model e ‘ Properte: fes.. | A sateiite types, azmuth v eevation no multipaths x%x ¥ < A P s
155 Gsensitwity file: 00:00:00 D¢ ¥ £ t fot
5 Vertical plane file: t Notr
" Land mobide multipath fle: X, 08 ter (iming
*TS Antennas kel
B Antenna configuration fie: default_v1-0.acf " 16 r‘ ;
2 @ Antena 1 A . .
() Signal types: GPS L1
« ¥ Hardware channels: GPS L1764
30 Ovm 9
| Receiver dock model fie:
CJi Terget DOP value switching fie: gg% Info: Cvemnq a ne‘w uenaﬂo cMooum ﬂles (xu)/Spuenl (ommunkmomﬂ‘os
(o Enable reflection pattern multipath 00:00:00 Info: Usmg EOPdan hom C./Plogum Fuet uSSVSpuent Communkmons,?osm:
= (@ Antenna pattem control 00:00:00 (
[V]@ Enabie level patterns 00:00:00 ¢ 4 amine e 1
1@ Enable phase patterns OOOOOOWammo Earth Ovbnlal Parameter dnla Is out of date with respect to (uuen( scer
[1@ Enable polarisation efficency 00:00:00 Info: Using EOP data from C:/Program Files (x86)/Spirent Communications/Positic
(115 Switching fie: zzgg Info: run_high_rate_task( nemtmq in Aux modc
Debug N rogram F VSpir
[ tevel pattern file: defaut_v1-0.ant_pat 00:00:00 Det P Uoadin s barrottas
00:00:00 Debug: CEF web helper created

Ready 01-Dec-2025 00:00:00 GPS [I5.6PU 110 Capture [
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unar DUT Position

File View Options Tools Window Help

spirent’

I« Nl ... N .o

=f Keysight

Ospirent

© *C Envirorment || OoaterimeGPs) O X  ==Vehicle Dynamics O X  3¢position Details 0O X
[® Atmosphere fle: default_v1-14.atm [| start 01-0ec-2025 000000 Fosition Attitude
[®) Obscuration and mutpath End  10-Dec-2025 000000 Latitude N 0* 0.0000000 Heading 0" 0.0000000
- Eﬁmwm Current 01-Dec-2025 000020 tude £ 0* 00000000 Elevation  0* 0.0005000
I Buk logging options fie: Timeintorun 000000 Height  000m Bank 0* 0.0000000
[CJ15) NMEA logging file: Duration 9 00:00:00
0 NMEA output fike: Position (ECEF) Velocity (ECEF)
- ;p;:“‘ oulput fle: :'i;‘:“:;m , X E376137.00m Vx 009 s
= "
[—(“ Leap second at: 31-Dec-2006 23:59:58 GPS Week No. 247 Y 000m Vy 000m/s
[C1{5) Barometric height seral output file: TOW(1.55) 57600 Z 000m vz 000 m/s
® Da!a dsplay and loggng file: default_v1-0.gk Tow(s) 2600 Distance 0.00m Speed 0.00m/s
[T1{% Data streaming definition file:
[CJ {5} EOP data file: A Power Levels Graph Initial Reference - default_v1-O.ref X £ & Received Signals O x
O} Manual "‘“"’;‘" fie: SVID Chen Type SPTx SPTxEcho SPEcho Echo PRN  Bev Azm Topo oo Pseudorange  PRrate
User actons a
t? il 1E) 102 ML ull o2 ma CORAE CAWE B MOON.PA ¥ 1 9 oSl - . . : 1 46 823 35 20 21692872.162 234
) *C2 RTCM reference stations .10 Lotitude s v/ % ° 0 . I 4 1 GPSLL - - - - 4 13 82 123 39 24567137.604 -497.25
() Number of RTCM reference stations: 1 _ 7° 2 Gsu - - - - 7 %6 772 29 17 20862134738 42.41
[ )2 RTCM defiition #1 fie: Longitude Ev oo A 8 1 GhsL - - - - 8 321 -1237 46 25 22613064.248 -372.38
3 M\ GPS constellaton " 1 12 GPSLL - . - - 11 45 -1751 38 22 21972271.286 448.81
[® GPs signal sources file: default_v1-21.g0s Height 0 m (above ellpsad) 13 8 GpsL1 - - - - 13 220 -20 65 31 23502159.381 52.18
[_]@ Enabie Tx antenna patterns 0 : 16* 3 GPSL1 . . - . 16 8.3 s2.8 16.2 4.2 24876544.939 428.17
[T1@ Enabie user-defined data 19 7 GPSLL - - - - 19 124 1435 1.2 38 24446181048 119.79
5 ¥ vehide 1 X position (ECEF) 0 m Set... 2 5 GPSL1 = = B - 20 6.1 419 3.0 17 21028477.875 -242.01
= *L3 Moton 23 10 GPSL1 - - - - 23 215 8.5 6.7 32 23554459.466 56.31
= B Inital reference fie: default_v1-0.ref ¥ position (ECEF) 0 L 25 6 sl - - - . 25 s59 356 30 18 2103016428 27290
= Aiding (<3 GPS Go @S S N o, et _soaven o= a el < g o - Y €A .EAn 9 ac 2e7mne Tea £, g0
[ INS model file: ?\ro' 6 o4 o o8 o 3 | 2 posttion (ECEF) -1737400 m
[JE: s model file: '
15 s model flle: N Ground Track ] Headng +vj0 [B80 b 0O X B system Messages O X
[J5 NS model file: — - 00:00:00 © S 0 00 « ia £ 90000005
= 2 Optons 3 jes.. | Al satelite types, azimuth v eevation, no multipaths 00:00:00 | ; - o ; , tn
[ Gsensitwity fie: N 00:00:00 Debug 9 ) te
1% vertical plane file: ) 00:00:00 D¢ e engine t tr
5 Land mobile multipath fle: ggzr ug: Single eng n .y
=) °L3 Antennas A ) . 5 - ey
00:00:00 WGP
@ Antenna configuration fie: default_v1-0.acf o(zzoow a o : ¢ t g
& @ Antenna 1 00:00:00 | 11080 MNSA/AESH
) Signal types: GPS L1 00:00:00 T € VERSION ret
+ F Hardware channels: GPSL1%64 00:00:00 F initialised
= *C3 Options 00:00:00 et EF er create
LI Receiver dock e £ %23% :n;o C.ve;llnq a new scenario cmo;vw FNes ua}mspuent commnnu;t-om/Pos
) Target DOP value switching file: 00:00:00 ¢ P
® ‘Anjl E"w;'eﬂm:; pattern multipath 00:00:00 Inlo Unng EOP data ﬁom C/ongum F-les bt861/$pu¢n( Commumutlons/Posm:
= (@) Antenna pattern con 00:00:00 Debug: £
(V1@ Enabie level patterns 00:00:00 ( H i ) 3
~o Enable phase patterns 00:00:00 Warning Eanh Ov!mal Parameter data is oul of date with respect to (U"tl‘“ scer
& . 153 00:00:00 Info: Using EOP data from C:/Program Files (x36)/Spirent Communications/Positic
1@ Enable polarisaton effioency
(15 switching fie: 00:00:00 Info: run_high_rate. h!ko exe(utng in AU)( mode
L . . 00:00:00 Det i Prog Files b36)/Spir
[ Level pattern file: default_v1-0.ant_pat 0000:00 Debug: SICE Loading keme! fie
00:00:00 | PICE: Rea erf
—ts set = 4,7, 16, 26, GDOP = 22421 (All = 1.3969) i - el
Ready 01-Dec-2025 00:00:00 GPS AT, T ——
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sp|rent

1 AL [m}

& SimGEN - testsen”
File View Options Tools Window Help

Ospirent

*T3 Environment
[3) Atmosphere fie: default_v1-14.atm
[3) Obscuration and mutipath
5 L3 Data logging
[ Loggng options
[LJ %) Buk logong options fie:
NMEA logging file:
NMEA output file:
) RINEX output fie:
= "3 Options
Leap second at: 31-Dec-2006 23:59:59
{7 Barometric height serial output file:
B Daladsnlaymdmﬂe default_v1-0.gk
Data streaming definition file:
‘| EOP data file:
Manual multipath fle:
User actions file:
User commands file:
= "3 RTCM reference stations
) Number of RTCM reference stations: 1
[ RTCM definition 21 file:
M GPS constellation
[®) ~GPs signal sources file: test.gos
© Enabie Tx antenna patterns
[ 1@ Enable user-defined data
5 Y vehide 1
= "G Moton
[ Inival reference fie: test.ref
= "Q Adng
' INS moded file:
INS moded file:
INS mode! file:
INS model file:
=y > Oohms
G-sensitivity file:
" Vertical plane file:
L1117 Land mobie multipath file:
= I3 Antennas
[® Antenna configuration fie: default_v1-0.acf
B @ Antenna 1
(tp) Signal types: GPS L1
+ E Herdware channels: GPS L1764
I3 Options
[ Recever dock model file:
[7]7% Target DOP value switching file:
[T] & Enable reflection pattern multipath
= @) Antenna pattern control
(V1@ Enable level patterns
[)@ Enable phase pattemns
(1@ Enable polarisation efficency
I switchng fle:
[ Level pattem file: default_v1-0.ant_pat

Proprietary and Confidential

000:
000

@ Date/Time (GPS)

O X  ==vehicle Dynamics

00000100

Plots Datalog

Levels

P+ Keysight

:: Position Details

Start  01-Dec-2025 00.00:00 Posttion Aftitude
End 10-Dec-2025 00:00:00 Latitude N 7* 383290198 Heading -85 40.0547337
SR S Longitude W75°250036317  Elevation -83' 149313919
Time into run 010356 Height 36067953815 m Bank -116* 40687085
Duration § 00:00:00
Posttion (ECER) Veooty (ECEF)
z'i- Seuns X 9158995320 m Vx 2478762 m/s
WN rollover 2
GPS Week No. 347 ¥ -352080064.49 m Vy -6319.09 m/s
TOW(1.55) 60357 Z 4876657757 m Vz 47594 m/s
Tow(s) 90536 Distance 107434721.00m Speed 2558453 m/s
A% Power Levels Graph O X & Received Signals B
SVID Chan Type SPTx SPTxEcho SPEcho Echo PRN Elev Azm  Tropo Tono Pseudorange PR rate
1 1 GPSL1 . . 1 5.9 26.8 0.0 16 4749090.212 310.11
. o7 z= 2 GPSL1 . . . 2 246 1193 00 3.6 8377573.199 186.75
*—.or—w 7, e B —— 3 6 owsu - - - 3 91 1us8 00 1.1 8090663.357  99.25
: by 4* 3 opsul - - - 4 558 946 00 2.1 6028324.998 -364.81
s 8 GPSL1 - - - S -53.2 -152.3 0.0 2.0 6843568.732 327.05
6" 5 GPSL1 - . . 6 <116 -160.5 0.0 179 9057053.707 42.95
T 4 GPSL1 - - 7 238 -156.5 0.0 37 7873158.184 -244.14
8" 7 GPSL1 - - - 8 45.0 9.8 0.0 23 4234347.903 -105.02
Sgma < G5 (<3 (<
Vo (9] 63 - 65 67
5 Ground Track 0O X @skyriot O X [ systemMessages o x
VAU I | R LU UGV UG U UL UL A
Bl o, . o 00:00:00 Info: External power gain: 0 dB
Show Last Properti telit uth v m t
AN 06,0 J S SR DD S KN S SR (y 00 BSOS 00:00:00 Info: Maximum simulated satellites: 999
00:00:00 Info: Dump navigation data: ON
y X 00:00:00 Info: Dump signal generator messages: ON
00:00:00 Info: Utilise timer card at 4 ms SIR: OFF
=1 00:00:00 Info: Utilise timer card for all SIRs: OFF
- 00:00:00 Info: Utilise timer card for GATED UPDATE: OFF
00:00:00 Info: Prior data: simgen_priordatastreaming.bin
00:00:00 Info: Hybrid Turbo Mode: OFF
00:00:00 Info: Bulk logging::
00:00:00 Info:  Motion logging: OFF
00:00:00 Info:  Satellite data logging: OFF
12 E 00:00:00 Info:  Alding logging: OFF
J 4 00:00:00 Info:  NCO logging: OFF
5 \ S { \ 00:00:00 Info:  Log TOW not TIR: OFF
3 .(\ > U A" 00:00:00 Info:  Logging rate: 1000 ms
o, LY - 00:00:00 Info:  Motion logging rate: 1000 ms
-2 d 2 N | R 00:00:00 Info: ~ Satellite logging rate: 1000 ms
" ~J < 3~ 00:00:00 Info:  Alding logging rate: 1000 ms
e W4 A 00:00:00 Info:  Motion output file format: ascii
. 00:00:00 Info:  Satellite output file format: ascii
4 00:00:00 Info:  Alding output file format: ascil
< 00:00:00 Info:  Output file directory: ¢:/Program Files (x86)/Spirent Communications/Post
00:00:00 Info: Running scenario test.scn; started on Mon 01 Dec 2025 14:29:25 [UTC+00:0¢
\ 00:00:00 Info: SimGEN V10.03.00 Build ID 251125T123728

01-Dec-2025 01:10:27 GPS

GPSbestset = 2,4 6,5 GDOP = 1.807 (Al = 13326

Replay LC
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DEM (Obscuration & Multipath) Ospirent
Is Now Part of Keysight

Research values indicate that core and regolith permittivity and conductivity are
similar to some ceramic materials.

_ Permittivity Conductivity

Core €4 =5
Regolith €, =3

o, = 5% 10™* mhos/m
0, = 5% 107° mhos/m

-20
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Agenda Ospirent
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 How we approach PNT simulation?
 Lunar PNT simulation challenges
- Use case

Spirent Is Now Part of Keysight G



Optimal Lunar Rover Navigation with LANS Ospirent

Is Now Part of Keysight

» Assess signal reception characteristics of the lunar navigation constellation on the
Moon's surface. Leveraging our advanced 3D capabilities, to analyse obscuration,
multipath effects, satellite visibility, and dilution of precision.

» Current lunar sites:
« Connecting ridge: -89.090 284°, -136.468 801°
* Shackleton rim: -89.423 127°, -149.036 243°
* Peak near Shackleton: -88.825 732°, 141.842 773°

» Large scale non-linear interpolation methods for rover’s routes on the surface of
the Moon.

4 b i o
’ -
: o, < B
% %irH ' S 4
[ Mot & &
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Optimal Lunar Rover Navigation with LANS Ospirent

Is Now Part of Keysight
No Constraints <20° Slope <4 GDOP

Distance: 4,216 m Time: 1,405 s Distance: 4,320 m Time: 1,967 s

GDOP vs Time[s]
10 GDOP vs Time[s] Slope [deg] vs Time[s]

GDO? vs Time[s] Slope [deg] vs Time[s]

800 1000 1200 1400 1600 1800 200 400 600 800 1000 1200 1400 1600 1800| 3 n . L A /\ n L L L A L L L
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800 2000 200 400 600 800 1000 1200 1400 1600 1800 2000
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 End-to-end Mars PNT simulation
 Mars PNT simulator
 Mars PNT software receiver



End-to-End Mars Simulation Ospirent

Is Now Part of Keysight

PNT Simulator PNT SW Receiver
(Output: 1/Q stream) (Input: 1/Q stream)




End-to-End Mars Simulation Ospirent

Is Now Part of Keysight

PNT Simulator
(Output: 1/Q stream)




Mars PNT Simulator - Elements Ospirent

Is Now Part of Keysight

Q DUT Position

Signal Definition (=
* Reference System

z_@’ Constellation Definition

@ Signal Propagation

| cxprt EO3ETIEITETTE00TTe o
Osoirent e v - i I
. — s i II N II- I

Already implemented
as part of LunaNet
program

Spirent e
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Mars PNT Simulator — Assumptions

.  GPS LNAV frame and sub-frame structure

. Same clock polynomial model

. Same ephemeris parametrization

. GPS-style time architecture — continuous GNSS time
. No ionosphere model

. Classical Keplerian broadcast model

Self-consistent geometric system

Proprietary and Confidential
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spirent’

Is Now Part of Keysight

Field / Block (IS-
GPS-200)

Earth Role

Mars Adaptation (Minimal
Change)

HOW: Z-count, sub-
frame ID

Week Number (Sub-
frame 1)

Clock parameters
(agn,apr apatoc)
10DC

URA / SV health /
L2 flags

TGD

Ephemeris (Sub-
frames 2-3)

Fit interval flag /
AODO

Underlying con-
stants

Almanac (Subframes
4-5)

UTC parameters

lonospheric parame-
ters

SV health / A-S flags
Parity / TLM /
framing

GPS time-of-week / 6 s
tick

10-bit GPS week (mod
1024)

Clock polynomial vs
GPS time

Issue of
clock+ephemeris
Quality indicators

Group delay L1/L2

Kepler + corrections
(Earth)

Ephemeris fit window
Earth u, Q.. Rp..J»
Reduced-accuracy  con-

stellation
GPS + UTC(Earth)

Klobuchar (Earth iono)

Receiver config bits
Integrity / syne

Keep format. Interpret Z-count as
Mars GNSS time-of-week.

Reuse field. Interpret as Mars week
number.

Regenerate vs Mars GNSS time.
Same scaling.

Retain semantics. New issue count for
Mars data.

Keep semantics. Use reasonable URA
and “healthy”.

Set to 0 (single-frequency Mars L1).
Regenerate all params
for Mars orbits:
My, An, e, VA, Q. ig,w. Q. IDOT,

and . Oh; Oy CrasOvay Cisi Clay - s
IODE.

Optional. Keep 4 h semantics or ig-
nore.

Conceptually replace with
HMars: QMars, RMars, J2,Mars-

Optional.  Generate Mars almanac
with same format: or leave unused.
Zero [ ignore. No Earth UTC map-
ping.

Set all oy, 3 = 0.
Keep unchanged, planet-agnostic.

No changes. Keep GPS LNAV fram-
ing.

Domain Earth GPS Assumption Mars GNSS Requirement
Gravity (u) 3.986004418 x 10" m?/s? a2 4,282837 x 10" m3/s?

Rotation ()

7.2921151467 x 1075 rad/s

Equatorial ~ Ra- =~ 6378.137 kmn

dius

J, (Oblateness) 1.08263 x 1073
Reference Frame  I'TRF / ECEF

Time Scale GPS Time

=~ 7.0882181 x 10~5 rad/s.
=~ 3389.5 km.

= 1.96045 x 1073

MCMF  (Mars-centered, Mars-
fixed).

“Mars GNSS Time" (Reusing GPS
week modulo logic; not referenced to

UTC).
Spirent @



Mars PNT Software Receiver Ospirent

Is Now Part of Keysight

PNT SW Receiver
(Input: 1/Q stream)




Mars PNT Software Receiver Ospirent

Is Now Part of Keysight

GNSS-MEO-like orbits to reduce the impact of
doppler changes on acquisition and tracking
modules.

Navigation module redesigned:

> Mean motion propagation

> Planet rotation rate (Sagnac)

CHANNEL N-1

> Reference frames (ECEF to Mars fixed)

son B Sou -l - Ephemeris parameters (subframes 2&3)
FFFFFFFFF regenerated for Mars orbits

> lono set to zero as per |/Q data.
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