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Project “ADS-B over Satellite”
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Project “ADS-B over Satellite”
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Air Traffic surveillance today....
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... and the Consequences for Non Radar Airspace
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Background: ADs-B

Automatic - Itis always working, without external stimulus
Dependent — It relies on external GNSS data

Surveillance - It provides surveillance services

Broadcast — Itis always broadcasting, independent of any participant

ADS-B includes surveillance data e.qg.

» Airborne position (cpr. encoded Latitude, Longitude)
> ldentity and Category,

» Airborne Velocity,

» Barometric Altitude,

> Call Sign, ...
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Satellite based Reception of 1090ES ADS-B

- Ground Miss| n  Track processing

o F 7 ADS-B Ifaﬁa\cénier
Traffic situation capture

- Segment
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Mode S Properties

* Mode S (and its subset ADS-B ES) was never designed 3 5,7
for detection of weak telegrams below -90dBm Q% *'Z?

* Mode S signal structure has poor correlation properties
since it was introduced as a compatible replacement

[ J—

for Mode A/C but not for recovering e 4 ADS-B
signals from noise \\
ADS-B T
o ADS-B

» Goal for this ESA project:
Increase the number of
valid A/C positions just by
upgrade of FPGA

— ; ! . :
| 1 ADS-B __ configuration and
Jﬁ . Recelver  —§ processor firmware

Image: © Eurocontrol
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Mode S Signal Processing

* Two approaches: Partially (non) (1) and fully coherent (2) telegram detection
can be implemented in FPGA

* (1) was active from launch till 2016 and used the amplitude and phase of 9
consecutive single pulses: 4 preamble and 5 format bits

* Method allows to detect telegrams down to -104dBm (this level with poor
probability of detection)

* Method (2) takes a full mutual phase coherence of these 9 pulses for granted
to work

* This is true for all modern airliner transponders since the transmitted pulses
are amplified from a stable TCXO local clock source
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Mode S Signal Processing
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Autocorrelation function of fully-coherent method
Correlation of Mode S DF17
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» Band pass signal (IF samples) show beginning of “strong” telegram at -95dBm
» Signal strength is limited at ADC, 16Bit full scale is reached
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Autocorrelation function of fully-coherent method
Correlation of Mode S DF17
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« Beginning of weak Telegram (-106dBm)
 Mode S preamble hardly visible but ACF shows distinct maximum
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Pd / Percentage

Comparison of process gain

Single Pulse Correlator: Probability of Detection
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Generation of “Low-confidence Bits”
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Demodulation of Mode S DF17
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Distribution of Signal Levels for one satellite pass

Receiver calibration over frequency and level

P-V 1st of June 2016, Coherent detection
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« Maximum at -99dBm - Broader “shoulder” expected with new method (2)
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Distribution of Signal Levels for one satellite pass

05 +10° P-V May 2015, non coherent detection vs. May 2016 coherent detector
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e This distribution from PROBA-V shows the ACF of non-coherent and coherent correlator
« Maximum at -103dBm - Loss of ~75-80% Data due to Lack of Memory
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Summary and Conclusions
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