APPENDICES

APPENDIX I
ALGORITHMS FOR CHOOSING THE OPTIMAL

ALGORITHM-1  LMS and  RLS
% Set up parameters.
M = 2; % Alphabet size for modulation
sigconst = qammod(0:M-1,M); % Signal constellation for 16-QAM
chan = [1 0.45 0.3+0.2i]; % Channel coefficients
% Set up equalizers.
eqrls = lineareq(6, rls(0.99,0.1)); % Create an RLS equalizer object.
eqrls.SigConst = sigconst; % Set signal constellation.
eqrls.ResetBeforeFiltering = 0; % Maintain continuity between iterations.
eqlms = lineareq(6, lms(0.003)); % Create an LMS equalizer object.
eqlms.SigConst = sigconst; % Set signal constellation.
eqlms.ResetBeforeFiltering = 0; % Maintain continuity between iterations.
eq_current = eqrls; % Point to RLS for first iteration.
% Main loop
for jj = 1:4
   msg = randint(500,1,M); % Random message
   modmsg = qammod(msg,M); % Modulate using 8-QAM.
   % Set up training sequence for first iteration.
   if jj == 1
      ltr = 200; trainsig = modmsg(1:ltr);
   else
      % Use decision-directed mode after first iteration.
      ltr = 0; trainsig = [];
   end
   % Introduce channel distortion.
   filtmsg = filter(chan,1,modmsg);
   % Equalize the received signal.
   s = equalize(eq_current,filtmsg,trainsig);
   % Plot signals.
   h = scatterplot(filtmsg(ltr+1:end),1,0,'bx'); hold on;
   scatterplot(s(ltr+1:end),1,0,'g.',h);
   scatterplot(sigconst,1,0,'k*',h);
   legend('Received signal','Equalized signal','Signal constellation');
   title(['Iteration #' num2str(jj) ' (' eq_current.AlgType ')']);
   hold off;
   % Switch from RLS to LMS after second iteration.
   if jj == 2
      eqlms.WeightInputs = eq_current.WeightInputs; % Copy final inputs.
      eqlms.Weights = eq_current.Weights; % Copy final weights.
      eq_current = eqlms; % Make eq_current point to eqlms.
   end
end
ALGORITHM-2 Channel Equalizer Algorithm  
function []=chan_equalizer1()
n = 200; % Number of symbols in each iteration
numiter = 25; % Number of iterations
M = 4; % Use 4-PSK modulation.
const = pskmod(0:M-1,M); % PSK constellation
chcoeffs = [1 ; 0.25]; % Channel coefficients
chanest = chcoeffs; % Channel estimate
tblen = 10; % Traceback depth for equalizer
nsamp = 1; % Number of input samples per symbol
sm = []; ts = []; ti = []; % Initialize equalizer data.
% Initialize cumulative results.
fullmodmsg = []; fullfiltmsg = []; fullrx = [];
for jj = 1:numiter
   msg = randint(n,1,M); % Random signal vector
   modmsg = pskmod(msg,M); % PSK-modulated signal
   filtmsg = filter(chcoeffs,1,modmsg); % Filtered signal
   % Equalize, initializing from where the last iteration
   % finished, and remembering final data for the next iteration.
   [rx sm ts ti] = mlseeq(filtmsg,chanest,const,tblen,...
      'cont',nsamp,sm,ts,ti);
   % Update vectors with cumulative results.
   fullmodmsg = [fullmodmsg; modmsg];
   fullfiltmsg = [fullfiltmsg; filtmsg];
   fullrx = [fullrx; rx];
end
% Compute total number of symbol errors. Take the delay into account.
numsymerrs = symerr(fullrx(tblen+1:end),fullmodmsg(1:end-tblen))
% Plot signal before and after equalization.
h = scatterplot(fullfiltmsg); hold on;
scatterplot(fullrx,1,0,'r*',h);
legend('Filtered signal before equalization','Equalized signal',...
   'Location','NorthOutside');
hold off;
ALGORITHM-3 Linear Equalizer Algorithm 
% Set up parameters and signals.
M = 4; % Alphabet size for modulation
msg = randint(1500,1,M); % Random message
modmsg = pskmod(msg,M); % Modulate using QPSK.
trainlen = 500; % Length of training sequence
chan = [1 ; 0.25]; % Channel coefficients
filtmsg = filter(chan,1,modmsg); % Introduce channel distortion.
% Equalize the received signal.
eq1 = lineareq(8, lms(0.01)); % Create an equalizer object.
eq1.SigConst = pskmod([0:M-1],M); % Set signal constellation.
[symbolest,yd] = equalize(eq1,filtmsg,modmsg(1:trainlen)); % Equalize.
% Plot signals.
h = scatterplot(filtmsg,1,trainlen,'bx'); hold on;
scatterplot(symbolest,1,trainlen,'g.',h);
scatterplot(eq1.SigConst,1,0,'k*',h);
legend('Filtered signal','Equalized signal',...
   'Ideal signal constellation');
hold off;
% Compute error rates with and without equalization.
demodmsg_noeq = pskdemod(filtmsg,M); % Demodulate unequalized signal.
demodmsg = pskdemod(yd,M); % Demodulate detected signal from equalizer.
[nnoeq,rnoeq] = symerr(demodmsg_noeq(trainlen+1:end),...
   msg(trainlen+1:end));
[neq,req] = symerr(demodmsg(trainlen+1:end),...
   msg(trainlen+1:end));
disp('Symbol error rates with and without equalizer:')
disp([req rnoeq])
APPENDIX II

MAIN PROGRAM FOR NEURAL NETWORK BASED EQUALIZER
clc;
M = 4;  msg = randint(150,1,M); % Random message
modmsg = pskmod(msg,M);  % Modulate using QPSK.
plot(modmsg,'*')
hold on
trainlen =100; % Length of training sequence
%chan = [.986; .845; .237; .123+.31i]; % Channel coefficients
chan = [.986; .845; .237];
filtmsg = filter(chan,1,modmsg); % Introduce channel distortion.
plot(filtmsg,'o')
hold
% Equalize the received signal.
eq1 = lineareq(5, lms(0.01)); % Create an equalizer object.
eq1.SigConst = pskmod([0:M-1],M); % Set signal constellation.
%[symbolest,yd] = equalize(eq1,filtmsg,modmsg(1:trainlen)); % Equalize.
[symbolest,yd] = equalizem1(eq1,filtmsg,modmsg(1:trainlen)); % Equalize.
% Plot signals.
h = scatterplot(filtmsg,1,trainlen,'bx'); hold on;
scatterplot(symbolest,1,trainlen,'g.',h);
scatterplot(eq1.SigConst,1,0,'k*',h);
legend('Filtered signal','Equalized signal',...
   'Ideal signal constellation');
hold off;
pause
% Compute error rates with and without equalization.
demodmsg_noeq = pskdemod(filtmsg,M); % Demodulate unequalized signal.
demodmsg = pskdemod(yd,M); % Demodulate detected signal from equalizer.
[nnoeq,rnoeq] = symerr(demodmsg_noeq(trainlen+1:end),...
   msg(trainlen+1:end));
[neq,req] = symerr(demodmsg(trainlen+1:end),...
   msg(trainlen+1:end));
disp('Symbol error rates with and without equalizer:')
disp([req rnoeq])
function [symbolEst, symbolDet, symbolErr] = thisequalizeneural1(eqObj, inputSig, trainSig);
% Extract equalizer object parameters.
alg = eqObj.AdaptAlg;
nWeights = eqObj.AdaptAlg.nWeights;
nSampPerSym = eqObj.nSampPerSym;
sigConst = eqObj.SigConst;
blindMode = eqObj.AdaptAlg.BlindMode;
% Derive signal dimensions.
nSamples = length(inputSig);
nSymbols = ceil(nSamples/nSampPerSym);
nTrain = length(trainSig);
delay = floor(eqObj.RefTap-1)/nSampPerSym;
x = flipud(reshape(inputSig, [nSampPerSym nSymbols]));
if nTrain > nSymbols - delay
    warning('comm:equalize:trainSigLength', ...
          ['TRAINSIG will be truncated to a length equal to '...
           'length(INPUTSIG)- delay, where delay = '...
           '(EQOBJ.RefTap-1)/EQOBJ.nSampPerSym.']);
end
% Initialize symbol estimates and errors.
symbolEst = zeros(nSymbols, 1);    % symbol estimate vector
symbolDet = zeros(nSymbols, 1);    % detected symbols vector
symbolErr = zeros(nSymbols, 1);    % symbol error vector
% Reset channel if required.
if eqObj.ResetBeforeFiltering
    reset(eqObj);
end
% Indices for input buffer, u, and decision sample, d.
% - i1 is the input buffer index for the current input signal sample:
%      u(i1)=sample; see below
% - nn1 and nn2 are input buffer indices used to perform the 
%   sample shifting operation each equalizer iteration: 
%      u(nn2)=u(nn1); see below.
% - id is an "index" into the decision value: 
 [i1, nn1, nn2, id] = eqindices(eqObj);
% Initialize input buffer, accounting for reference tap delay.
% Get current equalizer weights.
w = eqObj.Weights';  % Use hermitian transpose for mathematical simplicity. 
u = eqObj.WeightInputs.';
% Constellation-related parameters.
conjConst = conj(sigConst);
constParam = 0.5*real(sigConst.*conjConst);
% Initial decision value (required for compatibility with DFE).
%dref = eqObj.dref;
if blindMode
    if var(abs(sigConst))>eps
        warning('comm:equalize:CMAsigconst',...
            ['Signal constellation with non-constant magnitude '...
             'may cause CMA equalizer to be unstable.'])
    end
    % Set CMA constant
    R2 = mean(abs(sigConst).^4)/mean(abs(sigConst).^2);
end
 %---------------------------------------------------------------------%  Main loop.
N1=5; N2=16;M=N2+1; w1=0.2*rand(N1,N2); w2=0.02*rand(N2,M); a=0.02; eq='neuro';
pause
length(trainSig)
for ni=1:10
for n = 1:nSymbols
    u(nn2) = u(nn1);             % shift input signal buffer samples
  %  u(i1) = [x(:, n); dref(id)]; % current input signal vector
    u(i1) = [x(:, n)]; % current input signal vector
   if eq=='neuro'
 %   [y,yn,net,w1,w2]=neuralm2(N1, N2, w1,w2,u); 
    [y,yn,net,w1,w2]=neural_abs(N1, N2, M,w1,w2,x);
   else 
    y = w'*u;            % current output symbol (note hermitian transpose)  
   end
     % Find closest signal constellation point (detector/slicer).
    [minMetric, idx] = min(constParam - real(y*conjConst));
    d = sigConst(idx);
    % Symbol error for training/blind mode or decision-directed mode.
    if ~blindMode
        m = n - delay;
        if m >= 1 && m <= nTrain
            dref = trainSig(m);  % training mode
        else
            dref = d;  % decision-directed mode
        end
        e = dref - y;
    else
        dref = d;  % required for DFE
        e = y .* (R2 - abs(y).^2); % blind mode (CMA)
    end
    %[m nTrain delay trainSig(m)  d]
    [n y  dref   e]    
   %  pause
        if isinf(e) || isnan(e)
        warning('comm:equalize:error',...
           ['Equalizer unstable. ' ...
            'Try adjusting step size or forgetting factor.']);
    end
    % Update weights until exhausted input samples. The weight update
    % algorithm, update_weights, is a UDD method. That is, the method
    % called will depend on the class of adaptive algorithm object.
    if n<=nTrain 
    if eq=='neuro'
        er=conj(e);
        [w1,w2]=trainnm2(N1, N2,w1,w2,u,yn,a,er);
        % [w1,w2]=train_abs(N1, N2, M,w1,w2,u,yn,a,er);
    else
        w=update_weights1(alg, w, u, e);
    end
    end
    % Assign outputs and symbol error.
    symbolEst(n) = y;
    symbolDet(n) = d;
    symbolErr(n) = e;
end
end
trainSig
[symbolEst     symbolDet ]
pause
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