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Background

~+ Dynamic Spectrum Access (DSA)
- Cognitive Radio (CR)
~% Positioning algorithms

(USRP2)



USRP2 and GNU Radio

Y
USRP2 Gbit Computer
» RF Front End — ADC Ethernet}, usrp2_source » Sig. Proc.
- (Generic motherboard - Signal Processing blocks in C++
- Specific daughterboards ~% Connected through Python
(FR front end) scripts
- Cost USRP2+Daughterboard: -+ Software available for download

$1400 + $275 = $1675



USRP2 and GNU Radio Setup



USRP2 Motherboard

-+  ADC: 14bit, 100MS/s

-+ DAC: 16bit, 400MS/s

-+ FPGA: Xilinx Spartan 3-2000
~# Configuration: flash SD-card
-+ SRAM: 1MB

-  RF Bandwidth from/to host:
25MHz @ 16bit

~% Interface: Gigabit Ethernet
~% |nputs: ext. ref. clk, 1IPPS
-+ Power: 6V, 3A



USRP Daughterboards

~#  RFX400
=%  Freq. range: 400 to 500 MHz
=%  Transmit Power: 200mW
~% 45 dB of AGC range
- RFX2400
~+  Freq. range: 2.3 t0 2.9 GHz

~%# Bandpass filter around the ISM
band (2400 - 2483 MHz)

-+ Transmit Power: 20mW
~# 70 dB of AGC range

=% All functions controllable from
software or FPGA

=+ Fully synchronous design
-+ Adjustable transmit power



Performed measurements

~% |nstantaneous bandwidth

~% Spurious-free dynamic range (SFDR)
~# RFX400 and RFX2400

~% Transmitter and receiver

~+ The abllity to synchronize two different USRP2
~# |mprovements
~+ RFX400



System description

-+ GNU Radio 3.2

-+ Recelver measurements
~% signal generator Rohde & Schwarz SMJ100A
- connected to the RF-input
- Transmitter measurements
~% signal analyzer Rohde & Schwarz FSIQ7
-+ connected to the RF-output
~# Timing measurements

~: GPS OSCILLOQUARTZ 5585

~# generate 10 MHz reference clock and
one pulse per second (1PPS) signal

- GNU Radio & cross correlation function



TX/RX Measurements

-+ Recelver
-» Measurement methods
-% Results RFX400
-+ Results RFX2400

- Transmitter

-» Measurement methods
-% Results RFX400
~% Results RFX2400



Recelver Measurements

-+ Method of measurement:

-+ Signal generator connected to RF input

~% Single sinusoid signal, F., swept over a frequency range in
steps of 1IMHz

- Receiver center frequency kept constant
(450 MHz for RFX400, 2450 MHz for RFX2400)

~ SFDR: minimum measured range between input signal
and spurioses

-+ Bandwidth plot
- Signal power from results every 1IMHz
- 3dB-bandwidth

~% Decimation of factor 4
-  Maximum theoretical bandwidth is 25 MHz



RX Results RFX400 (1/2)

~# Recelved tone mirrored around the center frequency
~+ Noise floor: 80dB below signal
~* SFDR: min: 30.5dB, average: 38dB, max: 77.5dB



RX Results RFX400 (2/2)

-~ 3dB bandwidth:
21,7 MHz



RX Results RFX2400 (1/2)

- Received tone mirrored around the center frequency
- Noise floor: 70dB below signal
- SFDR: min: 3.5dB, average: 9dB, max: 25dB



RX Results RFX2400 (2/2)

- 3dB bandwidth
(red): 16 MHz

- 6dB bandwidth
(green): 23 MHz



Transmitter Measurements

measure the SFDR

-+ Pseudo random noise transmitted to measure the
bandwidth



TX Results RFX400 (1/2)
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* Transmitted tone

at 451.1 MHz

* LO leakage

visible at
462.7 MHz

= 20 dB below

signal



TX Results RFX400 (2/2)

~+ 3dB bandwidth:
22.5 MHz

visible at the
upper band edge)



TX Results RFX2400
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* Transmitted tone

at 2.451 GHz

* LO leakage

visible at
2.4625 GHz

> 23 dB below

signal



TX Results RFX2400 (2/2)

~+ 3dB bandwidth:
23 MHz



Conclusions TX/RX measures

RFX400 RFX2400
RX BW (MHz) |21.7 16
SFDR (dB) |30.5 3.5
X BW (MHz) |22.5 23
SFDR (dB) |20 23
~ Recelver:

.
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Frequency spectrums are different between daughterboards

Tone and spurioses mirrored around LO frequency

-~ Transmitter:

.
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Q

LO leakage decreases SFDR




Synchronization Measurements

- Standard USRP2 implementation
-+ Improved implementation



Measurements Method & Setup

~ Decimation rate: 15 & 16
~ Start the sampling on the

1 pulse per second
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~# 1 million samples/batch
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Original implementation (1/2)
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Original implementation (2/2)

x 10"

~» Decimation rate: 15
~# Correlation peaks: 27 4

Lag [Samples]



The Synchronization Problem

-+ DDC implemented with filters
~# Filter Implementation contains pipelines

~= No synchronous reset of the pipelines between



Improved version (1/2)

-+ Decimation rate: 16

x 10'

4

~+ Correlation peaks: 7|




Improved version (2/2)

~ Decimation rate: 15

x 10"

~# Correlation peaks: 1




Conclusions

between the USRP2s

~ |t IS possible to solve this problem, since the
ADC are synchronized to the reference clock

-~ The USRP2 Is sufficient for technology
demonstrations



Thank you for your attention!

Questions, please contact
hugo.tullberg@foi.se



