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Ui
% SEUK QPSK i
%2017 £ 5 B 17 A 18:02:56

clear;
close all;
clc

rand_seed = 0;
rand('seed',rand_seed);
randn('seed’,rand_seed);

%%

% Set up parameters and signals.

M = 4; % Alphabet size for modulation
baud_rate = 100; % Baud rate

f_carrierl = 75; % Carrier frequency
Nsym = 10000; % Number of symbols



msg = randi([0 M-1],Nsym,1); % Random message

hMod = comm.RectangularQAMModulator(M);

modmsg = step(hMod,msg): % Modulate using QAM. % B fEREH{ES
trainlen = 1000; % Length of training sequence

rolloff = .3; % RFEREF

span = 20 ; % EWTKE

sps = 10; % Samples per symbol

rrcFilter=rcosdesign(rolloff span,sps,'sart’); WRFSRI%REIEEES, ‘sqrt I FIRA R ;
‘normal F+ 5%

fs = baud_rate*sps; % B8] R+ /Y [B)XAfERA 1/fs #
Tsymbol=1/baud_rate;

% 2. Fomk 2
% txSig = upfirdn(modmsg, rrcFilter, sps); % &iXimIEHE R

% chan = [1; .001];

chan = [.986; .845; .237; .123+.31i]; % Channel coefficients

% chan = [1 0.45 0.3+0.2i]; % Channel coefficients

filtmsg = filter(chan,1,modmsg); % Introduce channel distortion. (E 21358 T
EHEES EER)

txSig = upfirdn(filtmsg, rrcFilter, sps); % &iXmMEWERTE(E

txSig = awgn(txSig,20,'measured'); % Add AWGN

t = (0:1/fs:((length(txSig)-1)/fs)).";

T = t(end)+1/fs;

df = 1/T;

freq = -fs/2:df:fs/2-df;

cosl = cos(2+pi*f_carrierl * t);

sinl = sin(2xpixf_carrierl * t);

x_upconv = real(txSig).» cosl + imag(txSig) .* sinl;

W === Rl

X_training_wave = x_upconv;
x_training_msg = msg;

rxSig = [x_upconv(300:end) ; x_upconv];

%1 [E3F
x_resampled = resample(rxSig,1,1);
X_sync = sync_two_signals( x_resampled x_training_wave,0);



figure(2);
plot(freq,20*log10(abs(fftshift(fft(x_sync))/max(abs(fftshift(fft(x_sync)))))));
ylim([-100,10])

xlim([O,freg(end)])

grid on;

xlabel(‘$1ZE(Hz));

title( RIS,

%2 TEI + EECIRK

xi_dnconv = x_sync .x cosl;

xg_dnconv = x_sync .x sinl;

x_filtered = xi_dnconv + 1] * xg_dncony;

rxFilt = upfirdn(x_filtered, rrcFilter, 1, sps);

rxFilt = rxFilt(span+1:end-span); % XEZWiHTEEEENES

% 3. ¥

% eql = lineareq(6, Ims(0.01)); % LMS

eql = lineareq(30, r1s(0.99,0.01)); % Create an equalizer object. % 40 taps, RLS &%, #
£ 0.99, BRXIAEFMEIEFEAIFE InvCorrinit X A%k TR

eql.SigConst = step(hMod,(0:M-1)")"; % Set signal constellation. % #x/& & FE K]

[symbolest,~] = equalize(eql,rxFilt x_training_msg(1:trainlen)); % Equalize. % 15%58% obj,
BENENGES, %F5)

symbolest = symbolest ./ mean(abs(symbolest)) .* mean(abs(eql.SigConst));

% Plot signals.

h = scatterplot(rxFilt,1,trainlen,'bx’); hold on;

scatterplot(symbolest,1,trainlen,'r.',h);

scatterplot(eql.SigConst,1,0,'k*',h);

legend('Filtered signal’,'Equalized signal’,...
'Ideal signal constellation");

hold off;

% Compute error rates with equalization.
hDemod = comm.RectangularQAMDemodulator(M);
demodmsg = step(hDemod,symbolest); % Demodulate detected signal from equalizer.

% Create ErrorRate Calculator System object

serVec = step(comm.ErrorRate,msg(trainlen+1:end),demodmsg(trainlen+1:end));
srate = serVec(1)

snum = serVec(2)

% Convert integers to bits

hintToBit = comm.IntegerToBit(log2(M));

Tx_bit = step(hintToBit, msg(trainlen+1:end));



Rx_bit = step(hintToBit, demodmsg(trainlen+1:end));
% Calculate BER

berVec = step(comm.ErrorRate,Rx_bit, Tx_bit);

brate = berVec(1)

bnum = berVec(2)

CEZ:Sie ]

function x_sync = sync_two_signals( x_resampled x_training_wave,idx )
% sync_two_signals( x_resampled,x_training_wave,idx )

% x_resampled : IWEIHE=

% x_training_wave : FI&ENES

%idx @ B[R ERIE LR, idx=123,.

[hicorrl,lagsil]=xcorr(x_resampled x_training_wave);

[~,offsetindex]=max((hicorrl));

% offsetindex

forn =2 :idx
% figure;plot(lagsil,abs(hicorrl));
hicorrl(offsetindex) = -inf;
[~,offsetindex]=max(hicorrl);

end

% offsetindex

h=1;

x_sync=x_resampled(lagsil(offsetindex)+h:lagsil(offsetindex)+length(x_training_wave)+h-1);

end
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