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First assignment: FM receiver

m The first assignment provides a simple FM receiver at
gr-cs436/examples directory

m Because you have not access to real device, a file with a real
capture will be given

m The file contains:

® a complex number stream
m captured with a center frequency of 96 MHz
m with 4 MHz bandwidth (94 MHz to 98 MHz)

Your task is to find and hear, as much as possible radio stations
withing the 4 MHz bandwidth J
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First assignment: FM receiver

The problem

The file was captured with a center frequency of 96 MHz, but the
radio stations are on other frequencies. How | can tune into them?

m Assume the SDR device center frequency f = 96e6 Hz
m The carrier of the SDR device is described by e/*2™xfxt
m A radio station is at ¢ = 97.2 MHz

m The difference is Af = 1.2 MHz
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First task: FM receiver

m We also now that e x ¥ = &X1Y

= So: ej><27r><fs><t — ej><27r><f><t % ej><27r><Af><t

m From Euler: e/ = cosf + jsinf

We can move the center frequency of the original signal, just by
multiplying with the signal e/*2mxAfxt
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Constellation Diagrams

m Constellation Diagrams represent a signal modulated by a
digital modulation

They display a signal in the complex plane

m x-axis, also referred as |-Plane, is the real part
m y-axis, also referred as Q-Plane, is the imaginary

m The points of the diagram are called, constellation points
m Each constellation point carries a number of bits

m The number and the positions of the different constellation
points depend on the modulation scheme
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Modulation schemes

m Available modulations provide different data rates and noisy
immutability

m Low order modulations carry small amount of information but
are noise tolerant

m High order modulations transfer more bits, but they are not
noise tolerant

Modern telecommunication standards, adaptively change the
modulation scheme according to the environment noise

Run the constellation.grc example of the gr-cs436/examples folder
to get the idea
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Modulation schemes
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Error Vector Magnitude (EVM)

EVM is used to measure the performance of a digital receiver
or transmitter

Constellation points received may differ from the ideal
locations

EVM measures how far the received points have differentiate
from the ideal locations

If a symbol is constructed by multiple constellation points the
mean value of the error vectors is reported

Measured Symbol Location

I
AQ |\
Ideal Symbol Location

Al

v ey
EVM(%) = %

SDR Assignment using GNU Radio 9/13




Bit Error Rate (BER)

m BER is another performance measure of telecommunication
systems

m Number of error bits divided by the total number of
transferred bits within a time period

m Often expressed in percentage (%)
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Measure time from the SDR perspective

Measuring time in software is not reliable

Large inaccuracies due to preemption

m Wall vs Hardware time

m Modern CPUs provide a very accurate timer (RDTSC) that
counts the CPU clocks

The problem is to find the exact CPU operating frequency
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Measure time from the SDR perspective

m All telecommunication systems operate on a specific sampling
rate R

m The duration of each sample cam be easily found T = %
m SDR hardware control the flowgraph to operate in the rate R

m Instead of measuring time with library calls we can measure it
just counting the number of processed samples
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XpnuarodoTnon

*To TTapAdV eKTTAIOEUTIKO UAIKO £XEI avaTITUXOEi OTa TTAQICIO TOU EKTTAIOEUTIKOU
EPyou Tou 0I0A0KOVTA.

*To £pyo «AvoikTa Akadnuaikd MaBiuata oto MavemoTApio KpATNG» £XE
XPNUATOOOTACEI HOVO TN AVAdIANOPPWON TOU EKTTAIOEUTIKOU UAIKOU.

*To €pyo uAoTTolgiTal 0TO TTAQiCIO TOU ETTiXeipnolakou [NpoypduuaTog
«EkTtTaideuon kai Aia Biou Mabnon» kal ouyxpnuatodoTeital atro TNV
Eupwtraik) 'Evwon (Eupwtraikd Koivwviko Tapegio) kal atrd €Bvikoug TTOpouG.
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2NUEIWPA adEI0OOTNONG

*To TTapov UAIKO diaTiBeTal e Toug Opouc TnNG adelag xprnong Creative Commons
Avag@opd, Mn Eutropikiy Xpion, Ox| I'Iapaywyo ‘Epyo 4.0 [1] N paTaysvaapn Aigbvn¢
EK500F] Eéoupouvml Ta GUTOT&)\I‘] Epya Tplva X PWTOYPAPIEG, 6|qypappam K.A.TT.,
TA OTTOIO EPTTEPIEXOVTAI O AUTO KAl Ta OTToia avagépovTal padi uE TOUG OPoUC XpRong
TOUG OTO «2nueiwpa Xpnong Epywyv Tpitwvy.

oS0

[1] http://creativecommons.org/licenses/by-nc-nd/4.0/

()¢ Mn EpTtropikni opileTal n xpnon:
—1tou 6ev mepAaPAVEL APECO N EUECO OLKOVOULKO OPEAOC ATtO TNV XPrON TOU £pyOU, yLa TO SLoVOUEQ TOU
gpyou kot adelodoyo

—1tou Sev mepAapBAVEL OLKOVOLLLKH) cuvaAAayn wg tpolnoBeaon yia tn xprion N mpocfacn oto €pyo

—rtou Sev nmpooTopilel oTo Slavopéa Tou €pyou Kal adelobOX0 EUUETO OLKOVOULKO 0deAog (m.x. Stadnuioslg)
aro tnv npoBoAn tou €pyou o€ SLASLKTUAKO TOTIO

*O dIKAIOUXOG MTTOPEI va TTapEXEI OTOV AdEINDOXO0 CeXwPIoTr AdEIa VO XPNOIUOTIOIEI TO
EPYO YIQ EUTTOPIKN XPon, £OooV auTd Tou {nTnoEi.
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