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Introduction & Motivation

Problem: small amount
of interference can
degrade performance &
potentially deny service
to terrestrial terminal

Solution: new entities, e.g., unmanned aerial vehicles
(UAVs, or drones) can be used to assist such corrupted
links (No modification or reconfiguration to the ground or
satellite)

Issue: satellite signals relatively WEAK
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Main Contributions

• Design of most parts of real transmitter-relay-receiver
combination through GNU Radio flow graphs & SDRs; close
to theoretical performance

• Demonstration of significant suppression of interference &
improved ground station satellite signal quality

• Example measured data for 2 relaying methods, yielding
useful cognitive relay design information
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Proposed System

• Stable (“clear sky”) 
conditions

• No other impairments 
(e.g., no multipath)

• No antenna misalignment 
or feeder losses

• Contains three SDRs, 
working as transmitter, 
relay, & receiver
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Proposed System (2)

Software Defined Radios (SDRs):
Flexible modern radios that are
reprogrammable or reconfigurable, e.g.,
Universal Software Radio Peripheral
(USRP) is a well-known SDR in the
market

Receiver Design
• Timing & phase recovery

• Distortion correction

• Demodulation
• Post processing step extracts packets using predefined preamble for

detection & BER measurements
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Proposed System (3)
• Interference is narrowband (sinusoidal)

interferer
• From jammer located close to ground

station
• Since satellite antennas directional, simulate

low power interference received through
ground station antenna sidelobes

Relay Design
1. Amplify & Forward: relays amplify received

signal and retransmits to destination w/o further

processing

2. Decode &Forward: demodulates received signal,
re-encodes and modulates, then transmits to
destination

• Disadvantages
– 1. Noise

– 2. Complexity and processing
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Proposed System (4)
Relay Design Block Diagrams

1. Amplify & Forward: relays amplify received signal and retransmits to destination

w/o further processing

2. Decode &Forward: demodulates received signal, re-encodes and modulates, then
transmits to destination
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Experimental Results

• Gradually increase signal
power & measure BER &
packet success rate

• Performance follows
theoretical curve w/<1 dB
implementation loss at
higher CNRs down to
BERs of 10−6
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Experimental Results (2)

• Results in presence of interference, w/2 different relaying modes
• Use of relay can substantially improve performance, especially for DF

technique
• AF technique advantageous at very low CNRs
• In different applications, relay could select method based on CNR, packet

delivery rate, delay and hardware processing capability.
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Conclusion & Future Work

• Relay can offer significant performance
improvement in presence of interference
– Packet success rate from 0 t0 >60% or 60% t0 90%...
– BER reduced by order of magnitude

• AF relaying method worse than DF relaying (AF
approach amplifies noise in already weak signal)

• Future work
– Vary SIR
– Evaluate for broadband interferers of various types
– Configure small UAVs to conduct proof-of-concept

experiments for satellite signal relaying schemes
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Questions ?
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