Enhancing GNSS Resilience with Al: Single-Frequency TEC
Estimation Using the Portable SDR-Based AtherLink System
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Under moderate to severe ionospheric dispersion, a 1 TECU
increase in slant TEC yields a measurable change in the
differential signal characteristics of L5 GPS’s In-phase (I) and
Quadrature (Q) components—a variation that ATHER
proposes to exploit via ML augmented signal processing to
predict satellite-specific TEC in real time.
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Increasing In-Phase Corruption (I)

ION ML will train on patterns collected
under known TEC conditions to predict
per satellite sTEC along the line of sight.

Supervisor: Sep Makhsous

o°
'l
4

Higher signal
distortion
correspond to
higher TEC

Elliptical plots
arise with

.~ partial phase

offsets.

Cross-like plots
often occur
when signals
are near 0° or
180° out of
phase

—

| 1&L > | Dual Frequency reference

e

At.-C (1 1)
TEC = X|—=-—=
17

ION ML

Candidate Model & Techniques
CNN ONN

SVD

Transformer

Predicted
sTEC

Ionospheric
Simulator

Preliminary analysis of satellite IQ
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support hypothesis that individual
satellite's IQ

values are affected
differently.
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Discussion

e Current Studies have highlighted issues
with the ATHERLink hardware and
compatibility issues between SDRs,
available software and platforms.
Efforts are ongoing to further develop
the software components of ATHERLink
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e Preliminary data
suggest a combination
algorithms with both
conventional and ML
components is good
candidate for ION ML, o
though further studies sf 3
need to conducted to
validate this proposition
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Limitations

e Preliminary Findings

We are currently conducting
more studies in the field to
verify and develop our methods

This study is in its early stages, and
further investigations are needed to
validate and refine the results.

e Hardware Constraints

The existing hardware has limited
capabilities in terms of operation
across different platforms, leading to
potential incompatibility issues and

We are currently focusing on
performance bottlenecks.

improving the compatibility
between software and hardware
to ensure smoother integration
e Software Compatibility Issues across different systems using a
more generic python and

Although software solutions are MATLAB based method

available, they do not always integrate
seamlessly with diverse hardware
platforms, complicating deployment
and scaling.

e Algorithm Limitations

Existing algorithms, such as Phase- We are currently exploring
Locked Loop (PLL), heavily rely on

extensive filtering technigues. While alternative algorithms that

this is useful for certain applications, it MINIMIZE filtering to retain key

can inadvertently eliminate important '

signal features while
signal characteristics that may be maintaining tracking accuracy
critical for more precise tracking and
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