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About FrontierSI

FrontierSI is a not-for-profit space and spatial 
collaborative research & innovation organisation.

• Our purpose is to anticipate and solve large 
problems using our space and spatial expertise. 

• We are a partner-driven organisation and represent 
organisations across government, academia and industry.

• Our role is to formulate, broker, facilitate and 
manage collaborative research for and with our partners.

• We co-invest with our partners in projects that deliver 
economic growth and improved environmental and social 
well-being.



Why is PNT Resilience now Matters More than Ever

• PNT underpins nearly every modern system—yet it's 
often invisible until it fails

• Precision agriculture, autonomous vehicles, financial 
systems, and more depend on uninterrupted, accurate 
signals

• As reliance grows, the cost of failure increases

• Various studies have suggested that GPS loss will 
cause an economic loss of 1B dollars to the economy of 
the US alone

• However, it has been argued that this value is grossly 
underestimated



Examples of GNSS failures



Need for Alternate and Assured PNT Solutions

• Extensive work is underway on solutions that either complement GNSS or provide independent PNT 
capabilities

• One example of alternative solutions is the Low Earth Orbit (LEO) PNT solutions

• Others include terrestrial positioning systems (e.g. eLoran, Locata)

• A lot of effort is also spent on research in inertial navigation systems, quantum, visual, AI and more



Part 1 – Overview of LEO PNT Technology and Market



LEO PNT Overview

• LEO PNT is a disruptive technology that is currently being developed at a dynamic pace

• Aimed to augment GNSS in a number of key areas such as vulnerability to RF interference 
(e.g., jamming, spoofing) and poor performance in obstructed environments

• Unlike GNSS, which is run by governments, LEO PNT is largely driven by market demands

• There are different ways to do PNT from LEO:

– Dedicated PNT Constellations

– Signals of Opportunity (SOP) from non-PNT satellites

– Fused Communications and PNT Systems



FrontierSI LEO PNT State of the Market Report

• At least 11 LEO PNT systems are currently being deployed at the 
moment from USA, China, Japan, Europe, Türkiye and UAE

• The systems all differ in the architecture, use cases, performance, 
etc.

• In January 2025, FrontierSI has released the LEO PNT State of the 
Market Report summarising the current state of the technology

https://frontiersi.com.au/frontiersi-releases-leo-pnt-state-of-the-market-
report-a-comprehensive-look-at-the-future-of-satellite-navigation/



GNSS and LEO PNT – Key Differences

Source: https://inertiallabs.com/what-are-the-limitations-of-gnss/

LEO PNTGNSS

500 – 1,200km19,000 – 23,000kmOrbital Altitude

200 – 500 ~30Number of Satellites

UHF, VHF, L, S, and CLSignal Frequency

Nano to Mini (10 – 100kg)Medium (~1000kg)Satellite SWaP

Ground stations, GNSS, GEO, OISLsOnboard Atomic ClocksTimescale Reference

Government, PrivateGovernmentOwnership & Business Model

Source: Murata (2024) – Preliminary Study on LEO PNT



GNSS Frequencies
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Technical Aspects of LEO PNT
• Precise Orbit Determination

• Timescale Reference

• Ionospheric Effects

• Resilience of RF Interference

Time transfer using ground stations Time transfer using inter-satellite linksTime transfer using GNSS/GEO satellites



Space Segment Considerations
• Launch Cost

• Satellite Platform

– Satellite SWaP

– Navigation Payload

• Constellation Design 



LEO Satellite Constellations

Total PlannedFrequency BandCountryCompany

66LUSAIridium

258LUSAXona Space
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480CJapanJAXA

50-100VHFJapanArkEdge Space

190LChinaCentispace

240LChinaGeely

506LChinaSatNet LEO

10 demos  (up to 263)L, S, C, UHFEuropeESA’s FutureNAV  LEO-PNT IoD

Total PlannedFrequencyCountryConstellationCompany
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5,676ChinaGEESATCOMGeeSpace

5,000LUSALynkLynk

3,236Ku, KaUSAKuiperAmazon
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648Ku, KaFrance, UKOneWeb Gen IEutelSat OneWeb

576KaUSAOuterNETRivada

320Ka, LChinaHongyan-1CASC

290Ka, SEUIRIS2SpaceRise

250LSpainSateliotSateliot

198Ku, KaCanadaLightspeedTelesat

168L, SUSABluebirdAST SpaceMobile

50-100VHFJapanArkEdgeArkEdge

80LUSANEXTIridium
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31L, SUSAOrbcomm Orbcomm

Dedicated PNT Constellations

Communication Constellations



Xona Space Example

Receivers capable of decoding Xona PULSAR Signals



LEO PNT Summary

• LEO PNT ecosystem and market are evolving rapidly

• Will have a significant impact on the PNT community in the next 5 years

• Even though the satellites are not in orbit yet, many deals and partnerships 
are being signed

• As a community we need to be aware of the developments



Part 2 – PNT Labs – Australia’s First Dedicated PNT Testing and Evaluation Facility



PNT Resilience Testing

• PNT Resilience testing is complicated and 
requires a lot of investment into dedicated 
infrastructure

• Jamming and spoofing are illegal, and hence 
cannot be implemented easily for testing and 
evaluation purposes

• Two examples of dedicated facilities and 
events include the White Sands Military 
Range in the USA and the annual 
Jammertest event in Norway 



FrontierSI PNT Labs

• FrontierSI offers a novel and cost-effective 
way to conduct PNT Resilience testing

• Consists of a number of “Labs” to conduct 
testing in different environment

• Using novel hardware and software solutions 
from our technology partners, we can 
introduce controlled RF interference directly 
into device, without doing on-air jamming and 
spoofing

• We have the ability to jam one, two or three 
frequencies simultaneously to significantly 
disrupt GNSS receivers



PNT Labs Technology Partners



GNSS Jamming Library – GPS Patron



FrontierSI PNT Labs – Railway Lab
Mean 3D 
XTE (m)

Mean Vertical 
XTE (m)

Mean Horizontal 
XTE (m)

0.0150.0110.009Run 1 - Forward

0.0140.0110.006Run 1 – Backward

0.0150.0120.007Run 2 – Forward

0.0130.010.006Run 2 – Backward



FrontierSI PNT Labs – Aviation Lab



FrontierSI PNT Labs – Maritime Lab



FrontierSI PNT Labs – LEO PNT Lab

• FrontierSI has procured a LEO PNT 
receiver capable of receiving signals in 
L-band, S-band, as well as Xona Pulsar 
X1 and X5 signals

• The receiver will be used to receiver S-
band signals from Australia’s Skykraft 
satellites in S-band

• Will also be used to do simulations with 
Xona PULSAR’s signals for positioning 
and timing



PNT Labs Summary

• FrontierSI is building a dedicated testing and evaluation capability to test all 
aspects of PNT technologies

• Testing will be carried out on all types of platforms including cars, trains, 
boats, planes, UAVs and more

• Number of technology, infrastructure and research partners



Conclusion

• As we move into a decade where resilience is a necessity, the convergence of cutting-edge 
technologies like LEO PNT and next-gen testing capabilities is both timely and critical

• Australia has an opportunity to lead in this space - not just as adopters, but as innovators and 
enablers of a more resilient, robust PNT ecosystem

• Through PNT Labs, we’re building the foundational infrastructure to test, validate, and ultimately 
trust the systems that will guide our autonomous vehicles, secure our timing infrastructure, and 
support the next generation of geospatial applications

• Let’s collaborate, challenge assumptions, and shape the future of Positioning, Navigation and 
Timing together



Questions

https://www.linkedin.com/in/elrubinov/


