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ABSTRACT

Thizs work focuses on the design and implementation of FM demodulatmr using
CORDIC algotithm, this is done aficr digitizing the analogue FM signal in order
to do all processing in digital dorrain o get its advantapes like flexibility , easiby

staring and manipulated of data , reprodecikility, .. .etc .

The design of FM demodulator using CORDIC gives us the advantages that e
dom't nesd o add blocks for bondpass limiter {the cffect of amplitude
fluctuations of the received FM signal is overcame without building any
additionat blocks). Alse all multipliers are replaced by shift and add operations

which yieks to a simple design in a small arca which means low cost design,

The design of FiM demodulater using CORDIC gives a hetter performance in
case of phase shift between transmitter and receiver. Also it gives betier

performance in case of noisy systems.

All of these give us the facility to add it in many applications like FM radia
raceivers, digital audia processors, SECAM decoders in digital video pracessors

in analogue and digital "IV reeaivers,. .. ..ete.
The basic research has been carricd out in MATLAB.

The VHDL implementation of the CORDIC algorithm, differentialor and all

other component is based on the restlts obtained fram the MATLA B simulation.

dMentor Graphics VHDL editor, simuiator and synthesizer are used far the

demadulator’s hardware implementation on Xilinx FPGAs.
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Chapter] frtradnciior

Chapfer 1

Introduction

1.1 Medulation

Bassband signals produced by various information sources arc not always
suitable for direct transmission over a given channel. '

These signals are usually further modified to faeilitate transmission. This
conversion {modification) process i called modulation.

Iy this process, the baseband signal is used to modify (modulate) some
parameler of high-frequency carrier signal. '

© A carricr is a sinusoid of high frequency, and one of its parameters such
as amplitude, frequency or phase is vaned in proportion o the baseband
signal {|]- '

As mentioned earlier, madulation is used to facilitate transmission.
Some of the important reasons for nodulation are [1]:

» Hase of radiation. '

* Simulianeous ransmission ol several signals.

= Eflecting the exchange of SNR with BW.,

1.2 Frequency modulation FMb

One of the most common techniques of modulation in analogue domain is
frequency modulation (FA) in which the informalion signal, Vin (0 1s
used o vary the carrier frequency within some small range about its
original value[ 17721

Here are the thres signals in mathematical torm:
Information:  Vmgt)
Carrier: Veh =V, cos(2nft+4)

FM: VEM (1) = Vo, €08 (2 7 [5 + (ABV.L.) Vi (1) ] £+ )

We have replaced the carrier frequency term, with a time-varying
- frequency.
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1.3 FM Spectrum

A spectrum represents the relative amounts of different frequency
components in any signal. It's like the display on the graphic-equalizer in
our stereo, which has leds showing the relative amounts of bass,
midrange and reble (2).

It is a well-known fact of mathematics, that any function (signal) can be
decomposed into purely sinusoidal mmpnncnts {with a few pﬂﬂmloglcai

exceptions).
In technical terms, the sines and cosines form a cc:mp]ete set of fumctions,

also known as a basis in the infinite-dimensional vector space of real-
valued functions (gag reflex).
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The shape of the spectrum may be explained using a simple heterodyne
argument: when you mix the three frequencies (fc, fim and Af) togsther
you gt the sum and difference frequencies.

The largest combination is fc + fm + Af, and the smallest is fc - fm - Af
Smee Af = Afm, the frequency varies {Af+ 1) fm above and below the
carrict.

A more realistic example is to use an andio spectrum to provide the
inodulation [2]:

[ -
g H FH Epectrun
3 § ol
" o.oe
0.06
F.09
T.02
al==—" —
O &0 100 150 20C 280 0 Z0 40 &0 20 100120
cime ITaQaRncy

Fiwere 1.4: The spectrum of an fm audio signal

In this example, the information signal vanes between 1 and [T He
The carrer 15 at 65 He and the modulation index is 2.

The individual sidz-band spikes are replaced by a more-or-less
continuous spectrum. However, the extent of the sude-bands 15 limited
(approximately} to (Af + 1) fim above and below [2].

Here, that would be 33 Hz above and below, making the bandwidth about
66 Hz. We see the side-bands extend from 35 to 90 Hz, so out observed
bandwidth is 63 [z.

You may have wondered why we ignored the smooth humps at the
extreme ends of the spectrum. The truth is thal they are in [zcl a by-
product of frequency modulation (there is no random noise in this
example). However, they nay be safély ignored because they are have
oaly a minute fracticn of the total power. In practice, the random noise
waould obscure them any way.
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FM radio has a significantly larger bandwidth than AM radio, but the FM
radic band is also larger. The combination keeps the mumber of available
channels about the same.

 The bandwidth of an FM sipnatl has a more complicated depeondency then
in the AM case (the bandwidih of AM signals depend only on the
maximum modulation frequency).

Tn FM, both the modulation index and the modulating frequency affect
the bandwidth. As the information 1s made stronger, the bandwidth also
ZIOWS.

1.5.2 FM Efficiency

The elficiency of a signal is the power in the side-bands as a fraction of
the total. In FM signals, because of the considerable side-bands produced,
the efficiency is generally high. The conventional AM iz limited to about
33 % elficiency to prevent distortion in the receiver when the maodulation
index was greater than 1. FM has no analogous problem.

The side-band siructure is fairly complicated, but it is safe 1o say that the
efficiency 1s generally improved by making the modulation index larger
{(as it should be).

But if you make the moduelation index larper, 50 make the bandwidth
lacger {unlike AM) which has its disadvantages. As is typical in
engineering, a compramisg hetween efficlency and performance is struck,
The modulation index is normally limited to a value between 1 and 3,
depending an the application. '

1.53.3 FM Noise

M systems are far better at rejecting noise than AM systems. Noijac
generally 15 spread uniformly across the spectrum (the so-called white
neise, meaning wide spectrum) [2].

The amplitude of the noise varies randomliy at these frequencies.

The change in amplitude can actvally modulate the signal and be picked
up in the AM system. As a result, AM systems are very sensitive to
random noise. An exanmple might be iznition system noise in your car.
special filtzrs need to be mstalled to keep the interterence out of your car
radic.
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1.6 FM Demodulation

There are different echniques tor realtzation of fm demodulation m order
o get the inlormation sigaal (1],

The basic idea ol FM demodulation can be described as follows

Let: the instantaneous frequency W)

r
W'[ + FWN,, 4I+K5“J.m {I:}d{
4

ie. T —Acos (W, .= r+ K" f m (2 ) where Tx is the

[ .
transimitted sienal . ' When differentiate this signal with respect 1ot tie
putput will be

4 TR0 fdi=(dAdt } % cos(W,- 1+ K€ | m{r)ydr ) +
i}

© A HKE () Fu s (Wt~ Ko Tm(d ).

When the amplimde of the incoming fin carier Is assuzed to be constant
the outpat will he;

d Tx(0} /dt =A *(KE *urt) —w )" sitt (W,or + Ke* j mrid ).

Ed
This ineans that the information baeomes in the amplinde of the cupiat
signal and then by using envelope detecior we can get mrth.

Fractically there are drifferent methods in analog and digital domains for
FM demodulation.

In next chapter we will mtroduce the most common methiods in more
details.

1.6.1 The bandpass limiter

The amplitude of the modulated signal should be constant with respect to
time, due to noise in the system the amplitude of the transmitted signal
_varies with time so, we introduce the bundpass limiter block to ensure
that the amplitade of the signal is constant |1]]3].

In next chapters we will sec that in cuse of building an FM demodutator
uzing CORDIC there is no nead for that hlock. and this is one of the
advantages of the FM demodulator using CORDIC. )



Chanerd firaduatian

At the receiver the higher frequencies must be deemphasised in order to
get back the original baseband signal.

The transfer function of the de-emphasis circuil is shown below [4].

20 Log | G{e) |
F 3

0 db

i} degrees

Figure 1.6: Deemphasis transfer function

1.7 Why digital

The question now why we design this demodulator in digital domain
although we deal with analogue modulation scheme?

Simply the answer wil! be the advantages of digital sipnal processing
which arc:

-More flexibla.

-Otten easicr systen upgrade.

-Dala easily stored and manipulated.
-Better control over accuracy requirements.
-Reproducibility.

Burt the design in digital domain has limitations we should mention it;
these limitations may be briefly stated in the following pointy:

- A/D & signal processors speed:

Wide-band signals still difficult to treat {real-tite systems).
- -Finite word-length effect.

1]



