UNIVERSITY of SOUTH CAROLINA

Department of Electrical Engineering

SOFTWARE DEFINED RADIOS AS
COGNITIVE RELAYS FOR SATELLITE
GROUND STATIONS INCURRING
TERRESTRIAL INTERFERENCE

Nozhan Hosseini
David W. Matolak

|[EEE CCAA
27-28 June 2017




Introduction & Motivation
Main contributions

Proposed system

— Software Defined Radios
— Receiver design

— Interference

— Relay Design

Experimental Results

Conclusion & Future work

University of South Carolina




Introduction & Motivation
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()- Solution: new entities, e.g., unmanned aerial vehicles
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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‘--.. .............. l .............

or feeder losses

SDRI1(satellite
signal generator)

SDR2(relay)

Remote processing unit

* 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

4 Signal constellation after modulator

] = Signal constellation before demodulator

Quadrature

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
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Relay Design
1. Amplify & Forward: relays amplify received Frequency (GHz)
signal and retransmits to destination w/o further [ Genuine st fom iy
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processing
Decode &Forward: demodulates received signal,
re-encodes and modulates, then transmits to
destination

* Disadvantages
— 1. Noise
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— 2. Complexity and processing e e e
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Proposed System (4)

Relay Design Block Diagrams

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

wj/o further processing
Decode &Forward: demodulates received signal, re-encodes and modulates, then
transmits to destination

Options Variable Variable Variable Variable Variable Variable Variable Variable Variable Variable
ID: Relay Deesign ID: Raised_Root_Cosine_taps ID: Filter_Mumber ID: excess_bwe ID: sample_per_symbaol ID: order ID: samp_rate ID: gaini ID: gain2 ID: Phase_bandwidth IDx: timing_bandwidth_loop
Generate Options: QT GUI Value: firdes.roct_raised_... Value: 32 Value: 350m : : : Value: 10 : Value: 2.6m Value: 62.5m

Polyphase Clock Sync CMA Equalizer

Samples/Symbaol: 4 J Num. Taps: 15 N - -
UHD: USRP Source i Constellation Decoder Map Differential Decoder
Lo nchwidth: + Modulus: 1 stas Loo
' p e wdth: €2.8m I e Costas Loog Constellation Object: ...=4)= Map:0, 1,2, 3 Modulus: 4 ‘ I

S5a Rate (Sps): 500k -
| ch:-p{:en:a 5 Fps} e I_.ll Taps: Raised_Root_Cosine_taps Gain: 1 Laop Bandwidth: 62.5m
’ n=l o Filter Siza: 32 Samples per Symbol: 2

ChO: Gain Value: 10 - ipnig) Phal 6 g
ChO: Antenna: TX/RX Sl o Pack K Bits Unpack K Bits
« | Maximum Rate Deviation: 1.5 Constellation Modulator ’7 K:E £ K:2

Ii Output SPS: 2 Constellation: =con... (m=4)=
— — — —
- omm o omm o omm oy omm o

—————I Differential Encoding: Yes h - ——
1 . . . . . Samples | Symbol: 4
Constellation Rect. Object | « : Excess BW: 350m

ID: DQPSK_UNDERRELAY UHD: USRP Sink

Symbol Map: 0, 1, 2, 3 . _
Constellation Points: ...07m; ::g- g'_'x"xmﬁ ;’:BB :;5;; . . ll.IHE. USRP 5||:k
Rotational Symmetry: 4 : Time Source: O MbO: Clock Source: O/E GPSDO
Real Sactors: 2 Feed Forward AGC Samp Rate (Sps): 500k MbO: Time Source: OJE GPSDO
Imaginary Sactors: 2 Num Samples: 258 Cho: Cel_'rler Freg (Hz): 4.5M . Samp Rate (Sps): 500k
Referance: 1 Cho: Gain Value: 55 ChO: Center Freq (Hz): 4.5M

Width Real Sectors: 1 758 ta . : |
Width Imaginary Sectors: 1 ) M— Ch: Gain Value: 55
TSB tag name:

P

Append file: Overwrite

File: .. filewihpreambles. bin
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Experimental Results

FFT Plot
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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.

50 b | DF relay
= AF relay
O ===« Jammed link

+ Direct link only(no interference)
=~ DF relay link

—&— AF relay link

=g Direct link with interference

Packet success rate (%)
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Conclusion & Future Work

* Relay can offer significant  performance

improvement in presence of interference
— Packet success rate from 0 to >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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