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% Matched Filter Performance in the Receiver %

% Setting Variables %

fs = 24e6;
fd = 1eé6;
N = 1000;

%t = —14.4:0.2: 14.4;
% Designing filters %

g = rcosine(fd, fs,'fir/normal’); % Raised cosine as our pulse shaping filter
gnorm = sqrt(sum(g.”2));
g = g/gnorm; % Normalize it

% Recieved filter is matched to the transmitted one

r = rcosine(fd, fs,'fir /normal’);

%r = sinc(t); % Recieved filter is not matched (case 1)
%r = rcosine(fd, fs,'fir/sqrt’); % Recieved filter is not matched (case 2)
rnorm = sqrt(sum(r.”2));

r = r/gnorm;

% Data and Noise %

m = sign(randn(N));
Lm = length(m);

n = 0.1 x randn(Lm);

f = filter(g,1,m); % Passing the data through pulse shaping filter
DataMatch = filter(fliplr(r),1,f); % Passing it through the matched filter

13



NoiseMatch

= filter(fliplr(r), 1,n); % Passing noise through the matched filter
PowData = sum(DataMatch.”2)

/length(DataMatch); % Computing the power of signal
PowNoise = sum(NoiseMatch."2)

/length(NoiseMatch); % Computing the power of noise
SNR = PowData/PowNoise; % Signal to noise ratio

Filter Output SNR
rcosine(fd, fs,'fir /normal’); 2084
Which is matched

rcosine(fd, fs,'fir/sqrt"); 1974
Which is not matched
sinc(t) 464

Which is not matched
las opl g ail gulate 2l 08 2ld a5 el ancis Sbey SNR el dg, a5 shailen
il ax sl goaas IS8 ila b g g aS el ol 5l S SLals

w3 Jeoms Slojen sallis 3385 (qoyp a4 asll o
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MATLAB .l o5

% Constructs an RC filter, with zeros at kT; with rollof f factor r and delay uT; %

function g = interpolate(M,r, mu)

f = 107(=7);

tl = sin(pi* (=M: M) +mu) + )./ (pi * (—M: M) + mu) + f);

t2 = cos(pi*r*x((—M:M)+mu)+f)./(A1—2*r*(—M:M) + mu) + f)."2;
g, 1) = tl.x t2;

% Constructs an RRC pulse,with zeros at kT; with rollof f r and delay uTs %

function g = interpolate2(M,r, mu)

f=10"=7)T=1;

tl = cos((1+71)*pi* ((—M: M) + mu) + f);

t2 = sin((L—=r)*pi* (—M: M) +mu) + f)./(4*7r*((—M: M) + mu) + f);
t3 = pixsqrt(T)* (A — @A *r*((—M: M) + mu) + ). "2);

g, 1) = 4xr=*(tl+t2)./t3;
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% Timing Recovery via Output Power Maximization, Early — Late Gate algorithm %

clear all
clc

% Setting variables %

f = 2.4e6; T = 1/f; % Symbol frequency/period

fs =10 f; Ts = 1/fs; % Sampling frequency /period (T/T;, = 10)
fc = 6eb; % Carrier frequency

N = 10000; % Number of symbols

L =3 % Length of total pulse is 2L(T/T;) + 1

M = 8; % Length of interpolation filter is 2M + 1
mu = 0.02; % Algorithm stepsize

delta = 0.01; % Dif ferentation step

rolloff = 0.6; % Roll_of f factor for pulse shaping
rolloff2 = 0.5; % Roll_of f factor for interpolateolation

% Construction of pulse train and channel %

a
g
X

= sign(randn(N, 1)); % Input data
= rcosine(1/T,1/Ts, fir/sqrt’,rollof f,L); % Symbol pulse shape
= conv(upsample(a, 2
*T/Ts),g); % Upsampling and then passing through RRC filter

% Designing dif ferent types of filters %

Hd1 = dfilt.allpass([1.5 0.7]); %Allpass filter

Hd2 = design(fdesign.bandpass(1e6,3e6,9¢e6,11e6,60, 1,80, 24e6),

‘ellip,"MatchExactly','both"); %Bandpass filter

Hd3 = design(fdesign.lowpass(8e6,10e6, 1,80, 24e6),

‘ellip,"MatchExactly','both"); %Lowpass filter

HdLP = design(fdesign.lowpass('N,F3dB’,15,1.97e6, 24e6), 'butter’);

X
X

= filter(HdLP,x);
= awgn(x, 20); % Adding noise

% Receiver %
x = conv(x, g); % RRC filter at receiver
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Lx = length(x);

% Random timing of fset (supposed to be the ef fect of channel)
tau = floor(10 * randn);

if (tau > 0)

r = [zeros(tau,1);x(1: Lx — tau)]; % Constructing the receiving data
else

r = [x(—tau + 1: Lx); zeros(—tau, 1)];

end

% Algorithm for estimating tau %
tau_est(1) = 0; % Initial value
fork = 1:N

tk = k*T +tau_est(k) *T + Ts;

tkr = round(tk/Ts);

muk = (tk —tkr *Ts)/Ts;

h(:,1) = interpolate(M,rolloff2, muk);

interpolate_x(k) = h.'xr(tkr + M: —1: tkr — M); % Matched filtering

% Compute of "early" parameters %

theariy = k *T + taueg ) * T — delta * T + Ts; % A little bit earlier
tkr_early = round(tk_early/Ts);

muk_early = (tk_early —tkr_early * Ts)/Ts;

h_early(:,1) = interpolate(M,rollof f2, muk_early);

interpolate_x_early = h_early.’ * r(tkr_early + M: —1:tkr_early — M);

% Compute "late" parameters %

tk_late = k*T + tau_est(k) *T + delta *T + Ts; % A little bit late
tkr_late = round(tk_late/Ts);

muk_late = (tk_late — tkr_late * Ts)/Ts;

h_late(:,1) = interpolate(M,rolloff2, muk_late);

interpolate_x_late = h_late.” = r(tkr_late + M: —1: tkr_late — M);

% Adaptation iteration %
tau_est(k +1) = tau_est(k) + mu * interpolate_x(k) *
(interpolate_x_late — interpolate_x_early);

end

% Plotting the results
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tau_est = 10 x tau_est;
plot(tau_est)
xlabel('Symbol Number")
ylabel('Delay estimate")

% 500 is an estimate of the number of symbol for the algorithm to converge
avg = mean(tau_est(500:N));
tau_est = round(avg) % Printing the result
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Abstract
One of the most crucial parts of a communicaticstesy is synchronization,
which consists of two major sections, namely timnegovery and carrier
recovery. In this project, after some discussiomgh® theory of parameter
estimation and matched filters, we elaborate théhaus used in timing
recovery and with the needed simulations, we wylltb make up for the
timing offset.
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