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Motivation

MHz Programm Senderstandort

87,6 WDR Eins Live Koln/Kolnturm

87,7 WDR 5 Bad Oeynhausen/Wittekindsberg
ar.7 Welle Niederrhein Krefeld-Bockum

ar. 7 WDR 5 Monschaw/St. Michael Gymnasium
87.8 Welle West Geilenkirchen

87.8 WDR 4 Héxter/Holzminden-Neuhaus

87.8 WDR 2 Dortmund Schwerte/Sommerberg

87,9 Radio HERTZ Bielefeld / Telekom
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Objective
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Theoretical Background
= NI USRP g
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Theoretical Background
= NI USRP N200
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Theoretical Background
= NI USRP WBX Daughterboard

* Noise figure: 5 dB

e  Qutput power: up to 100 mW

e Frequency Range: 50 MHz-2.2 GHz

e Bandwidth: 40 MHz

e 2 quadrature frontends: (1 transmit, 1 receive)
* Full-duplex operation

« 180 degree phase ambiguity

L
ﬁ.@

UNIVERSITAT Construction of digital beamforming system Xuan Liu, Yuhui Li

DU ISBURG as an FM receiver with USRP devices Chair of p.6 m
Communication Systems




Theoretical Background

= Radiation Pattern

First null

 Main lobe Main lobe
* Side lobes 180° 0°
* Back lobe "

e Nulls Back lobe

Sidg lobes
270

General radiation pattern in a polar diagram
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Theoretical Background

= Radiation Pattern

270 270

Omnidirectional radiation pattern Patch antenna radiation pattern
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Theoretical Background
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With "Q—%o is element pattern factor, ‘@ -) is current phasor of element 1 and 2
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Theoretical Background

= Digital Beamforming
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Measurement and Result Analysis

= Beamforming Receivers Model

M[ USRP
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Problem: WBX daughterboard may have I'§haseambiguity !
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Measurement and Result Analysis

= Beamforming Receivers Model

Rxl
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Siegnal Generator
Solution: Calibration [ | j
» Take advantage of the switch leakage inside of USRP
» Distribute a single calibration signal to Rx2 port of each USRPs with matched length cables
» Assign different frequencies to the DUT and calibration signal
» Applying two bandpass filters in LabVIEW to separate DUT and calibration signal
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Measurement and Result Analysis
= \Which Antenna

VS

VERT2450 vertical antenna Patch antenna
* Omni-directional antenna » Moderate radiation pattern
» Flexible operating frequency » Fixed operating frequency
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Measurement and Result Analysis

= FM Transmitters Model
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Measurement and Result Analysis

= Capture Effect

Question: What is the sufficient power level difference for the capture effect to work properly?

Transmitter Tuning the power level  Receiver

Ethernet
s Cable

LIsEF]

Conclusion: 2 dB power level difference is sufficient for receiving one music signal without significant noise

and interference “
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Measurement and Result Analysis

= Software for beam pattern measurement

USRP Receivers with Calibration_Demostration

= It verifies whether the DUT signal Version 12.09.2016
i 1 B Device Mames
can be received and calibrated correctly S
= Saving the acquired raw DUT and Carrier Frequency [Hz]
L I
calibration data separately 1Q rate [S/sed
(2008
= Perform the calibration to DUT Samples/Fetch
=
data and export as spreadsheet file Gain 0 Gain 1 Actual Re Timestamp
9 ﬁ whole saconds
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Measurement and Result Analysis

= Beam pattern measurement setup

1st Fresnel Zone

Inside of an RF anechoic chamber (-90°) Inside of a lab room (0°)
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Measurement and Result Analysis

= Beam pattern inside RF chamber

la] [b]
10° 0°

Conclusion: The beam can be successfully steered from -10° to 10°
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Measurement and Result Analysis

= Beam pattern inside lab room
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Conclusion: The beamforming performance is dramatically degraded, poor beam pattern and formation of large

sidelobes “
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Measurement and Result Analysis

= Multipath Propagation
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= Constructive and destructive interferences
= Phase shift
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Conclusion and Further works

= Conclusion

Beamforming in /ﬂ
chamber Time/Phase

Synchronization

N P\
FM Tx#1 - 7= USRP#l
/
USRP#2 ¢

FM Tx#2 ‘/
Phase alignment

Construction of two
FM music signals Y LabVIEW software for:

1 Beam pattern measurement

1 Toggling the demodulation
between two FM music signals
which transmitted at same

u FUther WOFkS frequency
= Expand the Array size to achieve beam pattern with high Gain and narrow beamwidth
= Adaptive beamforming algorithm can be employed instead of simple conventional beamforming

algorithm “
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Thank you for your attention!
Any Questions?
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