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	SUMMARY

	In June 2023 Skykraft Space-Based VHF Proof of Concept test satellites were launched and in July 2023 Skykraft successfully transmitted an AM DSB Modulated signal within the VHF Airband from a LEO satellite and received it at a ground station.
This paper presents details of the testing and information of the success of the testing mission.
This paper provides confidence that technology is being developed and will be implemented to take advantage of the new AMS(R)S allocation being considered at WRC-23.






INTRODUCTION
On the 13 June 2023 at 7:35am (AEST) the Skykraft Block 3 payload was launched on SpaceX’s Transporter-8 Mission. In July 2023 Skykraft successfully transmitted an AM DSB Modulated signal within the VHF Airband from a LEO satellite and received it at a ground station, with follow on testing in August 2023.

DISCUSSION
Airservices Australia (Airservices) put a number of controls and processes in place to operationally monitor the frequencies in use at the time of testing. Air Traffic Controllers were notified of the testing and a procedure was in place to report any interference and then to cease the testing.
Airservices has not experienced any interference to our terrestrial VHF systems as a result of the Space-Based VHF testing that is currently underway. Airservices and Skykraft have been working together to coordinate test frequencies and protocols to mitigate any risk to our in-service VHF system. The tests did not involve connecting to any Airservices equipment or test beds. The Skykraft Space-Based VHF service is still in development and Airservices is not using it operationally.
The testing included transmitting a pre-recorded voice message from the Satellite, to a hand held 3-element Yagi antenna on the ground. The radiated signal level is kept under 5 Wattts to minimise impact on the prototype satellite. This confirms that telecommands are correct, emitter is operating and that the collection system is able to record signals adequately.
Early indications from these test are showing that Space-Based VHF is feasible, with the received signal levels within the expected range and gaining an improved understanding of voice quality. These will be further refined with satellites of nominal operational space-based VHF capability, including increased power and antenna gain. The launch of these satellites is scheduled for June 2024.
The satellite under test is a model intended to demonstrate the viability of design and fabrication techniques, with Air Traffic Management payloads not fully developed. The existing satellite VHF and ADS-B payloads are placeholders for the systems that are being built for the operational service, however they are not capable enough to draw firm conclusions or publish data from.
The attached document provides additional details on the nominal link budgets calculated from this POC.
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Design Note

Skykraft plan to fly a space-based Air Traffic Management (ATM) constellation that provides global
surveillance and communication for aircraft. This constellation is intended to provide VHF voice and data
services between aircraft and our satellites. Agenda item 1.7 at World Radio Congress 23 (WRC 23) in Dubai
proposes allowing satellite services in the aviation VHF Band (118-137 MHz).

This engineering note documents the signal strength received during trials conducted by Skykraft over the
Southern Ocean in August 2023. These trials were approved by the Australian regulator, in coordination with
Airservices Australia under Radio Regulation 4.4 (no interference — no protection).

The satellites are proof of concept engineering development versions, with subscale transmitters and antenna
arrays. Specifically, the satellites transmit nominal 5W carrier power into a single dipole. Each satellite has
multiple transmitters and antennas, but only a single transmitter-antenna pair is active at any given time. This
reduces demands on the satellite as well as assisting the safety case, since the signals will be weak relative
to normal Air Traffic Management signals, which are both more powerful, and shorter range than this satellite
based system. The purpose of the trials was to demonstrate the ability to send and receive signals, and to
confirm that there were no major impediments to developing an operational space-based VHF service for
aviation. The satellites and trial were not intended as a high fidelity link budget assessment, so the results
have limitations in that respect.

During the trial, the satellites were not deliberately aligned with the receive site — so the transmitter alignment
was random in both beam shape and polarization relative to the ground based receiver. To compensate for
the polarization mis-alignment, and also any faraday rotation, a dual-polarisation receive antenna was used,
collecting both vertical and horizontal polarization simultaneously. The effects of both polarization variation
and satellite antenna beam alignment are both clearly evident in the received signals, observable with the
expected variations over timescales of minutes.

The signals were collected with a crossed pair of 3-element Yagi’s of in-house design, with 24dB preamplifiers
mounted on the antenna boom and 10m of 200 series coaxial cable back to an AD9361 based Software
Defined Radio (SDR) set to 30dB gain. Both signals were collected on receiver channel 1, which was known
to have the best demonstrated performance, with 2 different SDRs being used. The SDRs were allocated
for either Vertical or Horizontal polarization, always using the same pairing of SDR and polarization. The
SDRs were calibrated by Skykraft by injecting signals of known power into the masthead preamplifier and
deriving the relationship between the processed carrier level and the known signal power at the masthead
amplifier input.

The major uncertainties in the trial stem from interactions of the received signal and the ground in the vicinity
of the receive site. An elevated site atop a small (10m) cliff at Nornalup Inlet was selected to minimize this
effect, with the Yagi also being held at chest height on a convenient platform. The Yagi antenna was
approximately 2m above the local ground that extended about 5m in front of the platform before the 10m cliff
dropped to sea level. The cliff and platform both faced south, which was the general direction of the satellites
while they emitted during the trial. The non-controlled satellite orientation is handled by a diversity approach,
in polarization and time. This does present some risk of cherry-picking results, however more complex
treatment of the results is beyond the scope of this paper, and Skykraft have gained sufficient confidence
from these trials to proceed directly to construction of the fully capable satellites. Internal resources are being
directed to that construction task and their June 2024 launch.

The nominal link budget overleaf, and the received signal levels recorded show broad agreement that are
well within reasonable bounds. The major unaddressed uncertainty is the depth and probability of scintillation
fading, which will be most prevalent around the tropics in the evening. These satellites are in a 1300 LTDN
Sun Synchronous Orbit, so are not well positioned to observe such fading, however an extended test
campaign using known emitters in the tropics is planned.
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Nominal Link Budget

+/- (dB)

Pt 7.0 dBW 1
Gt 2.0 dBi 0.2
Beamshape Loss -0.2 dB 0.2
Polarisation Loss -0.5 dB 0.5
Spreading Losses
/4pi -11.0 dB
/Range”2 (1500km) -123.5 dB re 1m2 0.2
wavelength2 8.0 dB re 1m2
/4pi -11.0 dB
Grx 6.0 dBi 0.5
Rx Beamshape Loss -0.2 dB 0.5
Surface Bounce 0.0 dB 2
Srx into preamp -123.4 dBW 2.2

-93.4 dBm 2.2

The observed signals when passing through the apparent maxima of the satellite transmitted beam (and
selecting the strongest polarization ‘diversity approach’) had an average power (Srx into preamp) into the
masthead preamplifier of -121.3 dBW, or 2.1 dB stronger than estimated. It is likely that this represents the
residual positive bias resulting from selection of the stronger results to deal with the uncontrolled variables.
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