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How we approach PNT simulation?
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Geostationary (WAAS, EGNOS, MSAS, NaviC)

Medium Erath Orbit (GPS, GLONASS, Galileo, Beidou)

Low Erath Orbit (Starlink, Xona)

QZ GPS Starlink Ionosphere & Troposphere Vehicle Dynamics Antenna Dynamics

Environment Signal Interference

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
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Lunar PNT Simulation Challenges
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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.

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.
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Lunar Orbital Dynamics
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FLEX definition of LunaNET signals based 
on latest ICD available (Version 5)

8 lunar-orbiting satellites 
distributed across 2 ELFO orbits 

received by a vehicle on the 
surface of the Moon

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.
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Lunar Orbital Dynamics
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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).

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 Spirent

Lunar Orbital Dynamics
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Reference Systems – NASA SPICE
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Implementation of selected SPICE kernels to define and 
manage reference systems.

Modular integration that ensures:

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

• User-Defined Frame Flexibility: Full support for 
custom frame definitions without requiring 
modifications to the simulator core.

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

Spirent 
Simulation Engine
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Lunar DUT Position
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DEM (Obscuration & Multipath)
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Permittivity Conductivity
Core ε! = 5 σ! = 5 ∗ 10"# mhos/m

Regolith ε$ = 3 σ$ = 5 ∗ 10"% mhos/m

Research values indicate that core and regolith permittivity and conductivity are 
similar to some ceramic materials.
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Optimal Lunar Rover Navigation with LANS
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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.
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Optimal Lunar Rover Navigation with LANS
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Distance: 4,216 m       Time: 1,405 s

No Constraints <20⁰ Slope <4 GDOP

Distance: 4,320 m       Time: 1,863 s Distance: 4,433 m       Time: 1,967 s
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End-to-End Mars Simulation
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PNT Simulator
(Output: I/Q stream)

PNT SW Receiver
(Input: I/Q stream)
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PNT Simulator
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End-to-End Mars Simulation
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Mars PNT Simulator - Elements
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DUT Position

Reference System

Constellation Definition

Signal Propagation

Signal Definition

Already implemented 
as part of LunaNet 
program

Time Reference System
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Mars PNT Simulator – Assumptions
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• 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
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Mars PNT Software Receiver
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PNT Simulator
(Output: I/Q stream)

PNT SW Receiver
(Input: I/Q stream)
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Mars PNT Software Receiver
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• GNSS-MEO-like orbits to reduce the impact of 
doppler changes on acquisition and tracking 
modules.

• Navigation module redesigned:

Ø Mean motion propagation

Ø Planet rotation rate (Sagnac)

Ø Reference frames (ECEF to Mars fixed)

Ø Ephemeris parameters (subframes 2&3) 
regenerated for Mars orbits

Ø Iono set to zero as per I/Q data.
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