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Motivation

« Sounding rockets can be stabilized about its
minor inertia axis by introducing a spin.

 GNSS and IMU used in guidance of rockets.

« GNSS antenna commonly mounted in the
nosecone, but this is not always possible.

« Side mounted antennas is one solution but
will require modification to the RF front end
or receiver.

* Projects aims to investigate and implement
promising RF front end/receiver designs.
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Background

 GNSS works on the principle of trilateration.

* Doppler frequency and code phase must
first be acquired.

« Locally generated chipping code is
correlated with received code.

« Tracking loops used to track changes in
carrier frequency and code phase.

* Receivers are commonly implemented in
SDR allowing update of tracking loop and
algorithms.
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Qesigns Tested
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Approach

« Orolia Skydel used to generate RF baseband |
and Q signals.

« 4 antennas perpendicular to each other facing
the horizon simulated.

« Antenna configuration, vehicle track and spin
used to generate realistic GPS L1 C/A signals.

 Open source FGI-GSRx receiver used acquire
and track Skydel RF signals.

« Likely 2" order PLL and 1st order FLL tracking
loop.

» Receiver modified to support diversity
architecture.
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At a given position and time,
Skydel calculates satellite position
to provide accurate RF signals.




Methodology

« Multiple scenarios tested and compared with ground truths
generated from Skydel.

« Stationary, fixed rotating (0.5Hz) and rotating trajectory scenario
tested.

* Rocket flight path travels to a peak altitude of 3.3km and 10km north.

« Nosecone antenna and individual side mounted used as reference
scenarios.

« Gaussian noise and clockwise/counterclockwise rotation tested.
« Default FGI-GSRXx receiver settings including loop bandwidths tested.




Nosecone Reference Scenarlo
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Left: PRN25 with the strongest received GPS signal at +6dB with respect to -130dBm (reference power level).
Right: PRN24 with the weakest received GPS signal at -1dB.



Nosecone Launch Scenario
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Left: Tracking results of PRN29 (+4.4dB), smallest Doppler change (335Hz) in a Gaussian noise enabled launch scenario.
Right: Tracking results of PRN24 (-1 dB), largest Doppler change (2855Hz) in a Gaussian noise enabled in a launch scenario.
Boosting the signal strength of PRN24 has no effect on recovered navigational data.
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Impact of High Dynamics
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Notice how PRN 5 and PRN11 have similar elevation and azimuth deflection from east.

Smallest Doppler shift is experienced when the orthogonality of the rocket’s velocity vector to the
velocity vector of the satellite is maximized while the projection of the rocket's velocity along the
rocket satellite position vector is minimized.




Slde Mounted Antennas and Rotatlon
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Discrete-Time Scatter Plot In-phase (I ) and Quad phase (0 ) component of the recsived signal
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Left: Tracking results of PRN24, the GPS signal closest to the horizon with Gaussian noise enabled in a rotating fixed scenario.
Right: Tracking results of PRN25, the most elevated GPS signal with Gaussian noise enabled in a rotating fixed scenario.
Due to antenna gain pattern degrading navigational data, PVT unable to be calculated. Loss of carrier tracking occurs in launch scenarios.



Multiplexing Front End
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 Fine grained multiplexing
results in tracking loop failing
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* No difference between 10kHz g b e EEErr
and 20kHz switching Fixed rotating, Gaussian noise enabled multiplexing
frequencies, results showing unclear bit transitions.
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Summing Front End
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In-phase (1,) and Quad-phase (Q,) component of the received signal
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PRN24 close to the horizon
with Gaussian noise enabled.
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PRN25 overhead with
Gaussian noise enabled.

Navigational data
recovered to a
satisfactory degree.
Diversity mode performs
best when signal
originates close to the
horizon.

Noise leads to tracking
loop switching between
antennas.

No improvement in high
Doppler scenarios.
Hardware timeout can
reduce transition
uncertainty.
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Diversity mode leads to
more transitions
increasing navigational
data uncertainty.

We can conclude the less
transitions, the better.



Conclusion and Future Work

* Receiver performance heavily dependent on tracking loop architecture especially in
high dynamics scenarios.

« Multiple tones in summing yield poor recovery of navigational data but can be partially
recovered.

« Multiplexing causes issues with tracking loop locking onto signals.

« Diversity architecture is promising and with a hardware timeout to reduce switching due
to noise, it may be suitable for rotating scenarios.

« High dynamics still an issue and tracking loop modifications required to reduce impact.
« Test with helical antennas to observe overhead satellite performance.
* Integrate with IMU to aid tracking or smarter diversity switching.
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