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1 Scope

Helix Geospace has conducted real-world driving trials* to evaluate the
performance of our Global Navigation Satellite System (GNSS) antenna
technology, integrated with Sony Semiconductor Solutions Corporation’s GNSS
receiver platforms.

The trials focused on:

* Antenna paring with receiver to demonstrate measurable improvements in
positional accuracy under challenging conditions.

* Validating resilience to multipath interference and RF noise.

* Proving, through the disciplined application of our Advanced Adaptive Antenna
Solution, that high-accuracy positioning can be reliably achieved in dynamic
environments — without reliance on costly (Real-Time Kinematic) RTK correction
services.

By integrating with vehicle platforms and capturing extensive real-world data, the
trials benchmarked Helix’s solutions against conventional systems. The results of the
data analysis confirm that Helix’s technology enables precise, resilient positioning for
Connected and Automated Mobility (CAM) applications, while reducing dependence
on external correction infrastructure.

*These activities were conducted as part of the Exploitation Phase of the Zenzic CAM Scale-Up Programme -
Sample data obtained to process average figures.
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2 Helix Geospace Introduction

Helix Geospace develops advanced antenna systems that ensure resilient
GNSS-based positioning, navigation, and timing (PNT), mitigating environmental
interference and protecting against jamming. In collaboration with Sony
Semiconductor Solutions Corporation, we have engineered high-performance
GNSS antennas optimised for embedded integration with Sony’s GNSS receiver
boards. This partnership focuses on delivering exceptional positioning accuracy
and resilience to RF interference, critical for CAM applications.

As autonomous vehicle technology advances, the demand for precise, reliable
navigation continues to grow — particularly in GNSS-degraded environments, such as
dense urban areas where tall buildings can block or reflect satellite signals, leading to
reduced accuracy and signal reliability. While autonomous platforms increasingly rely
on Redundant Multi-Sensor Fusion Architectures —integrating several technologies
such as, LiDAR, cameras, radar, GNSS, Inertial Measurement Unit (IMU), and
ultrasonic sensors —these solutions can introduce latency and require significant
processing power, which impacts real-time precision. Even minor positional errors
can have serious consequences for safety and operational effectiveness.

Beyond fully autonomous vehicles, precision tracking is equally essential for CAM
applications and micromobility solutions, such as e-scooters and delivery robots.
These systems may not require full autonomy but depend on accurate positioning for
functions like geofencing, fleet management, and theft prevention. As the number

of connected vehicles grows, so will the complexity of their PNT systems, relying
increasingly on robust vehicle-to-everything (V2X) communication to reach dynamic,
on-demand destinations.

The Zenzic CAM Scale-Up Programme has provided an ideal framework to validate
these developments in real-world operational environments. Through comprehensive
on-road testing, Helix has demonstrated the proven performance of our current
GNSS antennas and the expanding potential of our Advanced Adaptive Antenna
technology across emerging CAM use cases.

Built on Dielectrix technology and compact helical designs, Helix’'s Advanced
Adaptive Antenna is engineered to deliver consistently accurate positioning in even
the most challenging environments. By integrating a disciplined IMU with Untethered
Dead Reckoning (UDR) algorithms, it offers a cost-effective, standalone alternative
to RTK correction services and complex multi-sensor fusion — both of which are often
prohibitively expensive and difficult to scale. This could enable autonomous and
micromobility vehicles to achieve sub-20cm positional accuracy within contested
and challenging GNSS environments — such as those affected by interference, signal
reflections, or obstructions — without relying on external infrastructure.
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3 Real-World Driving Trial Test Route

The test plan encompassed a route near the
Stratford International Train Station to experience
real-world interference.

Electromagnetic Interference (EMI)

Generated by train power systems and overhead
lines, creating electromagnetic fields that can disrupt
GNSS signals.

The trial compared the performance of Helix ii RF Interference

Geospace’s antennas with market-leading Strong RF emissions from train control and
alternatives, alongside a high-precision reference communication systems risk overwhelming the
system installed on the Smart Mobility Living Lab weaker signals from GNSS satellites.

(SMLL) test vehicle. The objective was to benchmark
the positional accuracy and resilience of each
system in a complex, high-interference railway
environment.

iii Multi-Path Interference
Caused when direct signals from GNSS satellites
are mixed with signals that have bounced off nearby
structures, commonly known as "urban canyons."
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Figure 1: Rail network detail.

The map above illustrates a combination of overhead catenary systems, including 25KV AC and 750V DC, as well as a
750V DC 3rd rail. This setup, along with metal-framed, glass-faced high-rise buildings, creates dense urban canyons
and multi-path environments.
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4 Antenna Pairing - Unintentional RF Interference

The plotted data below compares three GNSS systems
operating simultaneously in a high-interference railway
environment near Stratford International Train Station:

Helix Geospace’s HXGL02852 GNSS L1/L5 filtered
antenna - blue dots

Calian/Tallysman 33-HC977-35 helical antenna -
green dots

NovAtel SPAN CPT7 Truth System, operating without
RTK correction - yellow dots

Both the Helix and Tallysman antennas were paired with
the Sony's Spresense GNSS add-on board (which contains
Sony's CXD5610GF GNSS dual band L1 and L5 receiver),
while the NovAtel SPAN CPT7 served as a high-grade
reference system. Importantly, the NovAtel system

was not running its RTK correction service during this
trial, allowing for a fair comparison under uncontrolled
interference conditions.

The mapped data shows both antennas run simultaneously on two
separate receivers.
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The test route exposed all systems to unintentional

RF interference generated by train control and
communication systems —which emit strong signals
capable of overwhelming the weaker GNSS L1and L5
bands. In this challenging environment, the Helix antenna
outperformed the Tallysman reference, maintaining more
stable signal tracking and higher positional accuracy.

This performance advantage is attributed to the
HXGL02852’s integrated filtering, which rejects out-
of-band interference, and its optimised helical design,
which improves axial ratio stability and directional
gain. Combined with the Sony's receiver, the Helix
system demonstrates robust GNSS performance where
conventional antennas may falter.

*Based on defined real-world test route near Stratford International
Train Station.
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Figure 2: Antenna pairing Helix GNSS L1/L5 filtered antenna (HXGL02852) - blue dots, compared to Calian/Tallysman (33-HC977-35)
helical antenna - green dots, both paired with the Sony's Spresense GNSS add-on board. NovAtel SPAN CPT7 Truth System - yellow

dots.
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5 NovAtel SPAN CPT7 Truth System

Even high-grade RTK-enabled systems are vulnerable signals reflect off buildings before reaching the receiver.
to signal distortion in urban enviroments. The data plot In dense urban canyon environments, these reflected
below shows the SMLL vehicle’s NovAtel SPAN CPT7 signals are combined with direct signals, introducing
Truth System, using an active RTK correction service. significant positional error.

While RTK is intended to deliver centimetre-level
accuracy, the plot reveals server dispersed positioning

points, indicating degraded performance*. , , ,
*All performance data on this and previous pages is based on the defined

real-world test route near Stratford International Train Station, which includes
This is caused by multipath interference — where GNSS environments with high levels of GNSS signal degradation.

Multipath interference indicating degraded performance.
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Figure 3: Novatel SpanCPT7 Truth System using an active RTK correction service.
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6 Helix Advanced Adaptive Antenna

In contrast to the previous plot (Fig. 3), the blue line
below shows the performance of Helix Geospace’s
Advanced Adaptive Antenna, integrating the HXGL02852
GNSS L1/L5 filtered antenna and Sony’s L1/L5 receiver
(CXD5611GF) with a disciplined IMU and UDR algorithms.*
This compact, integrated system is engineered to
maintain reliable positioning in environments where
GNSS signals are degraded or obstructed.

The route includes dense urban canyon conditions —
where conventional systems are prone to multipath

distortion and signal loss. As shown in the insert, the blue
dots (Helix system) maintain a consistent and accurate
positional track, while the yellow dots (from the NovAtel
SPAN CPTT7 with active RTK correction) show dispersed
positioning points, indicating degraded performance
caused by multipath interference.

*All performance data on this and previous pages is based on the defined
real-world test route near Stratford International Train Station, which includes
environments with high levels of GNSS signal degradation.

Yellow dots showing degraded Novatel Span CPT7+RTK Correction performance caused by Multipath interference
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Figure 4: Advanced Adaptive Antenna with disciplined IMU and UDR algorithms (The Helix GNSS L1L5 filtered antenna HXGL02852

and the Sony's CXD5611GF GNSS dual band L1and L5 receiver).
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7 GNSS-Obstructed Environment Testing

The plot below compares the performance of two systems
during a GNSS-obstructed transit through the Blackwall
Tunnel:

* Helix Geospace’s Advanced Adaptive Antenna with
disciplined IMU with UDR algorithms - blue line

* Tallysman 33-HC885XF-49 Smart Antenna - red dots

In the absence of satellite signals, the Helix system
maintains a continuous and accurate positional track. This
performance is enabled by the seamless integration

i

of GNSS antenna hardware with inertial sensing and
sophisticated dead reckoning within a single, compact
solution. In contrast, the Tallysman system exhibits
significant drift and reduced trajectory accuracy over the
same period.

This result demonstrates Helix’s ability to deliver a
reliable, high-integrity navigation solution in GNSS-
obstructed environments — a critical advantage for CAM
applications operating in tunnels, underpasses, and other
signal-blocked scenarios.
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Figure 5: Advanced Adaptive Antenna with disciplined IMU with UDR algorithms - blue dots, compared to the Tallysman 33-HC885XF-49

Smart Antenna - red dots.
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The plot below compares the performance of three These results confirm that the Advanced Adaptive
systems in central London under real-world, GNSS- Antenna outperforms competing systems in GNSS-
challenged conditions: contested urban environments. Its integration into a
single, compact unit provides a robust, infrastructure-
independent solution —ideally suited for CAM and
micromobility applications.

* Helix’s Advanced Adaptive Antenna, integrating a
disciplined IMU and UDR algorithms - blue lines

* Tallysman 33-HC885XF-49 Smart Antenna - red dots

* NovAtel SPAN CPT7 Truth System, using active RTK
correction - yellow dots

The test route, includes several GNSS-challenged
environments — such as urban canyons, pass-overs,

and dynamic multi-path scenarios caused by moving
traffic. Even the Truth System, with RTK correction
enabled, exhibited sporadic positional inaccuracies. The
Tallysman Smart Antenna experienced more substantial
degradation, often requiring 15 metres of travel to regain
accuracy. In contrast, Helix’'s Advanced Adaptive Antenna
maintained precise trajectory alignment throughout,
demonstrating superior resilience and continuity of
positioning.
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Figure 7: Advanced Adaptive Antenna with disciplined IMU with UDR algorithms - blue dots, compared to the Tallysman 33-HC885XF-49 Smart
Antenna - red dots. Novatel SpanCPT7 Truth System using an active RTK correction service. \\
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8 Positional Accuracy

To ensure a meaningful and fair comparison, each GNSS
antenna system tested was installed on the same SMLL
test vehicle and referenced against the position provided
by the onboard NovAtel SPAN CPT7 Truth System, which
served as the ground-truth baseline.

All comparative antennas and receiver subjects were
mounted at different physical locations on the vehicle
roof.Since each antenna’s GNSS receiver was installed at
a slightly different location relative to the Truth System
reference point, minor positional offsets were corrected in
post-processing to ensure spatial alignment. This allowed
for an accurate evaluation of real-time performance,
trajectory consistency, and deviation from the ground-
truth path — even under challenging signal conditions.
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Figure 6: Antenna location diagram.
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Advanced Pairing

When paired with the Sony's Spresense GNSS add-

on board, the Helix L1/L5 filtered GNSS antenna
demonstrated an average positional deviation
approximately 1 metre closer to the vehicle’s truth
reference than the market-leading Calian/Tallysman
33-HC977-35 helical antenna. These measurements were
captured in a dynamic, real-world urban test environment
subject to high levels of RF interference and multipath
propagation. The results underscore the Helix antenna’s
superior resilience and signal discrimination capabilities
in contested GNSS conditions, where conventional
systems exhibit degraded accuracy.

GNSS L1/E1& L5/E5a Antenna | HXGL02002-SA01 Helix Geospace
https.//helixgeospace.com/product/gnss-11-15-antenna-filtered-sma-
connector-hxql02002-s5a01

Spresense GNSS Add-on Board | Developer World
https.//developer.sony.com/spresense/products/gnss-add-on-
board#buynow

Advanced Adaptive Antenna

In a separate test configuration, the Helix Advanced
Adaptive Antenna — combining a multi-filar helical

GNSS antenna, a disciplined IMU, and UDR algorithms
—achieved an average positional deviation of just 20

cm from the truth reference system. This performance
was maintained throughout GNSS-obstructed and
interference-prone segments of the route, demonstrating
the system’s ability to deliver high-integrity navigation

in dynamically evolving signal environments, including
urban canyons and periods of total signal loss.

GPS/GNSS Receiver | LSI/IC/Module | Products & Solutions | Sony
Semiconductor Solutions Group

https.//www.sony-semicon.com/en/products/Isi-ic/qps.htm/




9 Conclusion

Enabling Safe and Accurate CAM Navigation Through GNSS
Resilience

The real-world driving trials have validated the performance and robustness

of Helix Geospace’s GNSS antenna technologies in complex, signal-challenged

environments. Designed to maintain high accuracy without reliance on external
correction services, Helix systems have demonstrated consistent and resilient

performance for Connected and Automated Mobility (CAM), micromobility, and
autonomous vehicle applications.

A key highlight of the trial was the Advanced Adaptive Antenna, built on proprietary
Dielectrix Technology. This multi-filar, dielectric-loaded design minimises intra-
element coupling and enhances GNSS signal integrity. Integrated with a disciplined
IMU and advanced UDR algorithms, the system achieved sub-20cm positional
accuracy, even in environments with severe GNSS degradation.

This was further demonstrated in the Tunnel Performance Comparison, where

the Helix system maintained accurate trajectory tracking through the Blackwall
Tunnel—a fully GNSS-denied environment—while the market reference system, the
Tallysman 33-HC885XF-49 Smart Antenna, experienced significant positional drift.
This underscores Helix’s ability to deliver continuous, high-integrity navigation in
real-world scenarios where conventional systems fail.

The trials also confirmed strong performance from the HXGL02852 L1/L5 GNSS
antennas, paired with Sony Semiconductor Solutions Corporation’s CXD5610GF
chipset and Spresense embedded receiver boards. These systems provided
enhanced accuracy, multi-constellation L1/L5 support, and ultra-low power
consumption — ideal for space- and energy-constrained platforms.

As the industry moves towards full autonomy and smart transportation systems,
collaboration between antenna and receiver manufacturers will be vital. Together,
these partnerships will enable more reliable, resilient, and accurate navigation
solutions — ultimately supporting safer, more efficient deployment of connected and
autonomous vehicle technologies.
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