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8.6 Matlab Codes 

%Matlab code for Example 8.2-1 

%Copyright by Author—Hao Xu 

%% 

clear all; 

close all; 

clc; 

  

N_p = 10;                  % Number of WNCS pairs 

range = 100;              % The range of whole WNCS field 

  

P_t = 10;                   % The fixed transmission power 

SNR_db = 10;            % The signal-noise-ratio in dB form 

SNR = 10.^(SNR_db/10);   % The signal-noise-ratio in mW form 

noise = P_t/SNR;       % The noise density 

BW = 8*10e4;             % 900kHz for bandwidth 

len_p = 10;                % The length of packet 

speed = 20*rand(1,N_p);  % The speed of different pairs of WNCS m/s 

  

% The parameters for control part of WNCS 

Tp = 0.034;                   % The sampling interval 

d_b = 2;                      %  The delay bound 

size_x = 4; 

size_u = 2; 

Q = eye(size_x); 

R = eye(size_u); 

iter = 500;   % The number of iteration steps 

Buff(:,1) = ones(N_p,1);   % The length of buffer 

  

scalf = 1e5; 

  

% The NCS system model 
Ac = [1.38 -0.2077 6.715 -5.676;... 
    -0.5814 -4.29 0 0.675;... 

    1.067 4.273 -6.654 5.893;... 

    0.048 4.273 -6.654 5.893]; 

Bc = [0 1.679 1.136 1.136;0 0 -3.146 0]'; 

Ad = expm(Ac*Tp); 

Bd = quadv(@(t)myFun(t,-Ac),0,Tp)*expm(Ac*Tp)*Bc; 

  

% The constant control gain for different pairs of WNCS 

[Pm,Lm,Km] = dare(Ad,Bd,Q,R); 

  

% Initial system states for different pairs of WNCS---time 0 

for i = 1:N_p 

     

    x_s(:,i,1) = [2 3 5 -2]'*i; 

    u_s(:,i,1) = -Km*x_s(:,i,1); 

     

    % Calculate the initial cost function value 

    J_s(i,1) = x_s(:,i,1)'*Q*x_s(:,i,1) + u_s(:,i,1)'*R*u_s(:,i,1); 

    delta_J_sc(i,1) = J_s(i,1); 

     

end 

  

% Calculate the data rate for different pairs of WNCS 

for i = 1:N_p 

    dis(i) = 10*i; 

    R_pc(i) = BW*log2(1+P_t*dis(i).^(-2)/(noise));  % data rate for different pair of 
WNCS 
    delay(i) = len_p/R_pc(i);   % Transmission delay when WNCS pair has the wireless 
resource 
end 

  

% Case 1 (c1): Proposed distributed scheduling for WNCS 

% Calculating some parameters for WNCS scheduling 

SF = 1e-4; 

delta_J_c1(:,1) = delta_J_sc(:,1); 
R_p_c1(:,1) = R_pc;         % for 1st scheduling 
  

% Criterion 1: delta_cost_fn + data_rate 

for i = 1:N_p 

    if delta_J_c1(i,1) < 0 

        num_p_c1(i,1) = abs(delta_J_c1(i,1))*1e6 + R_p_c1(i,1); 

    else 

        num_p_c1(i,1) = delta_J_c1(i,1) + R_p_c1(i,1); 

    end 

end 

  

sum_num_c1(1) = sum(num_p_c1); 

ind_c1(:,1) = ones(N_p,1);                % The index for all pairs of WNCS as beta 

Beta_c1(:,1) = ind_c1(:,1); 

sum_Beta_c1 = sum(Beta_c1(:,1)); 

sum_rate_c1 = zeros(1,iter); 

delay_c1(:,1) = Tp*ones(N_p,1); 

  

% Calculate the backoff interval (BI) for all WNCS pairs 

n_s = 1;                          % The number of scheduling 

tp_c1 = 0; 

% delay_c1(:,:,1) = zeros() 

while (tp_c1 <= Tp && sum_Beta_c1 ~= 0) 

    for i = 1:N_p 

        BI_c1(i,n_s) = SF*(sum_num_c1(n_s))/(num_p_c1(i,n_s) + 
Beta_c1(i,n_s)*sum_num_c1(n_s)); 
    end 

    [BI_use_c1(n_s),sindx(n_s)] = min(BI_c1(:,n_s)); 

    tp_c1 = tp_c1 + BI_use_c1(n_s) + delay(sindx(n_s));  % Update the time 

%     for i = 1:N_p 

%         R_p_ctemp(i,n_s+1) = BW*log2(1+P_t*(dis(i)-(2*rand-1)*speed(i)*tp_c1).^(-
2)/(noise));  % data rate for different pair of WNCS 
%     end 

    sum_rate_c1(1) = sum_rate_c1(1) + R_pc(sindx(n_s))*delay(sindx(n_s)); 

    delay_c1(sindx(n_s),1) = tp_c1; 

    for i = 1:N_p 
        if i == sindx(n_s) 
            if ind_c1(sindx(n_s),n_s) >= 1 

                num_p_c1(sindx(n_s),n_s+1) = num_p_c1(sindx(n_s),n_s); 

            else 

                num_p_c1(sindx(n_s),n_s+1) = 0; 

            end 

            ind_c1(sindx(n_s),n_s+1) = ind_c1(sindx(n_s),n_s) - 1; 

        else 

            % Update the utility from different pair of WNCS 

            num_p_c1(i,n_s+1) = num_p_c1(i,n_s); % - R_p_ctemp; 

            ind_c1(i,n_s+1) = ind_c1(i,n_s); 

        end 

    end 

    sum_num_c1(n_s+1) = sum(num_p_c1(:,n_s+1)); 

    n_s = n_s + 1; 

    Beta_c1(:,n_s) = ind_c1(:,n_s); 

    sum_Beta_c1 = sum(Beta_c1(:,n_s)); 

end 

  

T_used(1) = tp_c1;   % record time used in first time interval 

ind_c2(:,1) = ind_c1(:,n_s) + ones(N_p,1);  % One packet received in buffer 

Beta_c1(:,n_s) = ind_c1(:,n_s); 

sum_Beta_c1 = sum(Beta_c1(:,n_s)); 

  

Az = expm(Ac*Tp); 

% Calculating the system dynamics 

for i = 1:N_p 

    if delay_c1(i,1) < Tp 

        Bz1(:,:,i,1) = quadv(@(t)myFun(t,-Ac),0,delay_c1(i,1))*expm(Ac*Tp)*Bc; 

        Bz0(:,:,i,1) = quadv(@(t)myFun(t,-Ac),delay_c1(i,1),Tp)*expm(Ac*Tp)*Bc; 

        x_s(:,i,2) = Az*x_s(:,i,1) + Bz0(:,:,i,1)*u_s(:,i,1); 

        u_s(:,i,2) = -Km*x_s(:,i,2); 

    else 

        x_s(:,i,2) = Az*x_s(:,i,1); 

        u_s(:,i,2) = -Km*x_s(:,i,2); 

    end 
     
    J_s(i,2) = x_s(:,i,2)'*Q*x_s(:,i,2) + u_s(:,i,2)'*R*u_s(:,i,2); 

    delta_J_c1(i,2) = J_s(i,1) - J_s(i,2); 

end 

  

cap(1) = 0; 

cost(1) = 0; 

epi = 0.01; 

for i = 1:N_p 

    if ind_c2(i,1) > 1 

        cap(i,1) = 0; 

    else 

        cap(i,1) = len_p; 

    end 

    cost(1) = cost(1) + 2^((cap(i,1) + delta_J_c1(i,2))/scalf); 

end 

utility_p(1) =  cost(1); 

% Calculating the utility for whole network 

sum_tot(1) = sum_rate_c1(1)/T_used(1) + sum(delta_J_c1(:,2)); 

  

%%%%%%%%%%%%%%%%%%%%%%%%% 

% Initial the parameters 

n_s = 1;                          % The number of scheduling 

if T_used(1) >= Tp 

    tp_c1 = T_used(1) - Tp; 

else 

    tp_c1 = 0; 

end 

R_p_c1(:,2) = R_pc; 

for j = 1:N_p 

    if delta_J_c1(j,2) < 0 

       num_p_c1(j,1) = abs(delta_J_c1(j,2))*1e6 + R_p_c1(j,2); 

    else 

       num_p_c1(j,1) = delta_J_c1(j,2) + R_p_c1(j,2); 

    end 

end 
%     num_p_c1(:,i-1) = delta_J_c1(:,i-1) + R_p_c1(:,i-1); 
sum_num_c1(2) = sum(num_p_c1(:,1)); 

Beta_c1(:,n_s) = ind_c2(:,1); 

sum_Beta_c1 = sum(Beta_c1(:,2)); 

sum_rate_c1 = zeros(1,iter); 

ind_c1 = []; 

ind_c1(:,n_s) = ind_c2(:,1); 

     

while (tp_c1 <= Tp && sum_Beta_c1 ~= 0) 

    for j = 1:N_p 

         BI_c1(j,n_s) = SF*(sum_num_c1(n_s))/(num_p_c1(j,n_s) + 
Beta_c1(j,n_s)*sum_num_c1(n_s));  %ind_c2(j,1)* 
    end 

    [BI_use_c1(n_s),sindx(n_s)] = min(BI_c1(:,n_s)); 

    tp_c1 = tp_c1 + BI_use_c1(n_s) + delay(sindx(n_s));  % Update the time 

    sum_rate_c1(2) = sum_rate_c1(2) + R_pc(sindx(n_s))*delay(sindx(n_s)); 

%     if ind_c2(sindx(n_s,1)) > 1 

        delay_c1(sindx(n_s),2) = (ind_c2(sindx(n_s),1)-1)*Tp + tp_c1; 

%     else 

         

    for j = 1:N_p 

        if j == sindx(n_s) 

            if ind_c1(sindx(n_s),n_s) >= 1 

                num_p_c1(sindx(n_s),n_s+1) = num_p_c1(sindx(n_s),n_s); 

            else 

                num_p_c1(sindx(n_s),n_s+1) = 0; 

            end 

            ind_c1(sindx(n_s),n_s+1) = ind_c1(sindx(n_s),n_s) - 1; 

        else 

            num_p_c1(j,n_s+1) = num_p_c1(j,n_s); 

            ind_c1(j,n_s+1) = ind_c1(j,n_s); 

        end 

    end 

    sum_num_c1(n_s+1) = sum(num_p_c1(:,n_s+1)); 

    n_s = n_s + 1; 

    Beta_c1(:,n_s) = ind_c1(:,n_s); 
    sum_Beta_c1 = sum(Beta_c1(:,n_s)); 
end 

  

T_used(2) = tp_c1;   % record time used in first time interval 

ind_c2(:,2) = ind_c1(:,n_s) + ones(N_p,1);  % One packet received in buffer 

Beta_c1(:,n_s) = ind_c1(:,n_s); 

sum_Beta_c1 = sum(Beta_c1(:,n_s)); 

     

% Calculating the system dynamics 

for j = 1:N_p 

    if delay_c1(j,2) >= Tp 

        Bz2(:,:,j,2) = quadv(@(t)myFun(t,-Ac),0,delay_c1(j,2) - Tp)*expm(Ac*Tp)*Bc; 

        Bz1(:,:,j,2) = quadv(@(t)myFun(t,-Ac),delay_c1(j,2) - Tp,Tp)*expm(Ac*Tp)*Bc; 

        Bz0(:,:,j,2) = quadv(@(t)myFun(t,-Ac),Tp,Tp)*expm(Ac*Tp)*Bc; 

        x_s(:,j,3) = Az*x_s(:,j,2) + Bz1(:,:,j,2)*u_s(:,j,1); 

        u_s(:,j,3) = -Km*x_s(:,j,3); 

    else 

        Bz1(:,:,j,2) = quadv(@(t)myFun(t,-Ac),0,delay_c1(j,2))*expm(Ac*Tp)*Bc; 

        Bz0(:,:,j,2) = quadv(@(t)myFun(t,-Ac),delay_c1(j,2),Tp)*expm(Ac*Tp)*Bc; 

        x_s(:,j,3) = Az*x_s(:,j,2) + Bz1(:,:,j,2)*u_s(:,j,1) + Bz0(:,:,j,2)*u_s(:,j,2); 

        u_s(:,j,3) = -Km*x_s(:,j,3); 

    end 

  

    J_s(j,3) = x_s(:,j,3)'*Q*x_s(:,j,3) + u_s(:,j,3)'*R*u_s(:,j,3); 

    delta_J_c1(j,3) = J_s(j,2) - J_s(j,3); 

end 

  

cap(2) = 0; 

cost(2) = 0; 

for i = 1:N_p 

    if ind_c2(i,2)-ind_c2(i,1) > 0 

        cap(i,2) = 0; 

    else 

        cap(i,2) = len_p; 

    end 

    cost(2) = cost(2) + 2^((cap(i,2) + delta_J_c1(i,3))/scalf); 
end 
utility_p(2) =  cost(2); 

% Calculating the utility for whole network 

sum_tot(2) = sum_rate_c1(2)/T_used(2) + sum(delta_J_c1(:,3)); 

%%%%%%%%%%%%%%%%%%%%%%%%% 

  

for i = 4:iter 

% Initial the parameters 

    n_s = 1;                          % The number of scheduling 

    if T_used(i-2) >= Tp 

        tp_c1 = T_used(i-2) - Tp; 

    else 

        tp_c1 = 0; 

    end 

    R_p_c1(:,i-1) = R_pc; 

    for j = 1:N_p 

        if delta_J_c1(j,i-1) < 0 

            num_p_c1(j,1) = abs(delta_J_c1(j,i-1))*1e6 + R_p_c1(j,i-1); 

        else 

            num_p_c1(j,1) = delta_J_c1(j,i-1) + R_p_c1(j,i-1); 

        end 

    end 

%     num_p_c1(:,i-1) = delta_J_c1(:,i-1) + R_p_c1(:,i-1); 

    sum_num_c1(i-1) = sum(num_p_c1(:,1)); 

    Beta_c1(:,n_s) = ind_c2(:,i-2); 

    sum_Beta_c1 = sum(Beta_c1(:,n_s)); 

    sum_rate_c1 = zeros(1,iter); 

    ind_c1 = []; 

    ind_c1(:,n_s) = ind_c2(:,i-2); 

     

    delay_c1(:,i-1) = Tp*ones(N_p,1); 

    while (tp_c1 <= Tp && sum_Beta_c1 ~= 0) 

        for j = 1:N_p 

            BI_c1(j,n_s) = SF*(sum_num_c1(n_s))/(num_p_c1(j,n_s) + 
Beta_c1(j,n_s)*sum_num_c1(n_s));  %ind_c2(j,i-2)* 
        end 
        [BI_use_c1(n_s),sindx(n_s)] = min(BI_c1(:,n_s)); 
        tp_c1 = tp_c1 + BI_use_c1(n_s) + delay(sindx(n_s));  % Update the time 

        sum_rate_c1(i-1) = sum_rate_c1(i-1) + R_pc(sindx(n_s))*delay(sindx(n_s)); 

        delay_c1(sindx(n_s),i-1) = (ind_c2(sindx(n_s),1)-1)*Tp + tp_c1; 

        for j = 1:N_p 

            if j == sindx(n_s) 

                if ind_c1(sindx(n_s),n_s) > 1 

                    num_p_c1(sindx(n_s),n_s+1) = num_p_c1(sindx(n_s),n_s); 

                else 

                    num_p_c1(sindx(n_s),n_s+1) = 0; 

                end 

                ind_c1(sindx(n_s),n_s+1) = ind_c1(sindx(n_s),n_s) - 1; 

            else 

                num_p_c1(j,n_s+1) = num_p_c1(j,n_s); 

                ind_c1(j,n_s+1) = ind_c1(j,n_s); 

            end 

        end 

        sum_num_c1(n_s+1) = sum(num_p_c1(:,n_s+1)); 

        n_s = n_s + 1; 

        Beta_c1(:,n_s) = ind_c1(:,n_s); 

        sum_Beta_c1 = sum(Beta_c1(:,n_s)); 

    end 

  

    T_used(i-1) = tp_c1;   % record time used in first time interval 

    ind_c2(:,i-1) = ind_c1(:,n_s) + ones(N_p,1);  % One packet received in buffer 

    Beta_c1(:,n_s) = ind_c1(:,n_s); 

    sum_Beta_c1 = sum(Beta_c1(:,n_s)); 

     

% Calculating the system dynamics 

   for j = 1:N_p 

        if delay_c1(j,i-1) > Tp 

            Bz2(:,:,j,i-1) = quadv(@(t)myFun(t,-Ac),0,delay_c1(j,i-1) - 
Tp)*expm(Ac*Tp)*Bc; 
            Bz1(:,:,j,i-1) = quadv(@(t)myFun(t,-Ac),delay_c1(j,i-1) - 
Tp,Tp)*expm(Ac*Tp)*Bc; 
            Bz0(:,:,j,i-1) = quadv(@(t)myFun(t,-Ac),Tp,Tp)*expm(Ac*Tp)*Bc; 
            x_s(:,j,i) = Az*x_s(:,j,i-1) + Bz1(:,:,j,i-1)*u_s(:,j,i-2) + Bz2(:,:,j,i-
1)*u_s(:,j,i-3); 
            u_s(:,j,i) = -Km*x_s(:,j,i); 

        else 

            Bz1(:,:,j,i-1) = quadv(@(t)myFun(t,-Ac),0,delay_c1(j,i-1))*expm(Ac*Tp)*Bc; 

            Bz0(:,:,j,i-1) = quadv(@(t)myFun(t,-Ac),delay_c1(j,i-1),Tp)*expm(Ac*Tp)*Bc; 

            x_s(:,j,i) = Az*x_s(:,j,i-1) + Bz1(:,:,j,i-1)*u_s(:,j,i-2) + Bz0(:,:,j,i-
1)*u_s(:,j,i-1); 
            u_s(:,j,i) = -Km*x_s(:,j,i); 

        end 

        J_s(j,i) = x_s(:,j,i)'*Q*x_s(:,j,i) + u_s(:,j,i)'*R*u_s(:,j,i); 

        delta_J_c1(j,i) = J_s(j,i-1) - J_s(j,i); 

   end 

     

    cap(i-1) = 0; 

    cost(i-1) = 0; 

    for ll = 1:N_p 

        if ind_c2(ll,i-1)-ind_c2(ll,i-2) > 0 

            cap(ll,i-1) = 0; 

        else 

            cap(ll,i-1) = len_p; 

        end 

        cost(i-1) = cost(i-1) + 2^((cap(ll,i-1) + delta_J_c1(ll,i))/scalf); 

    end 

    utility_p(i-1) = cost(i-1); 

    % Calculating the utility for whole network 

    sum_tot(i-1) = sum_rate_c1(i-1)/T_used(i-1) + sum(delta_J_c1(:,i)); 

     

end 

  

utility_p_f(1) = utility_p(1); 

for i = 2:iter-1 

    utility_p_f(i) = utility_p_f(i-1) + utility_p(i);  

end 

  

for i = 1:iter 
    x_c1_1(:,i) = x_s(:,1,i); 
    u_c1_1(:,i) = u_s(:,1,i); 

    x_c1_2(:,i) = x_s(:,2,i); 

    u_c1_2(:,i) = u_s(:,2,i); 

    x_c1_3(:,i) = x_s(:,3,i); 

    u_c1_3(:,i) = u_s(:,3,i); 

    x_c1_4(:,i) = x_s(:,4,i); 

    u_c1_4(:,i) = u_s(:,4,i); 

    x_c1_5(:,i) = x_s(:,5,i); 

    u_c1_5(:,i) = u_s(:,5,i); 

    x_c1_6(:,i) = x_s(:,6,i); 

    u_c1_6(:,i) = u_s(:,6,i); 

    x_c1_7(:,i) = x_s(:,7,i); 

    u_c1_7(:,i) = u_s(:,7,i); 

    x_c1_8(:,i) = x_s(:,8,i); 

    u_c1_8(:,i) = u_s(:,8,i); 

    x_c1_9(:,i) = x_s(:,9,i); 

    u_c1_9(:,i) = u_s(:,9,i); 

    x_c1_10(:,i) = x_s(:,10,i); 

    u_c1_10(:,i) = u_s(:,10,i); 

end 

  

figure (1) 

subplot(411) 

plot(1:1:iter,x_c1_1(1,:)); 

subplot(412) 

plot(1:1:iter,x_c1_1(2,:)); 

subplot(413) 

plot(1:1:iter,x_c1_1(3,:)); 

subplot(414) 

plot(1:1:iter,x_c1_1(4,:)); 

  

figure (2) 

subplot(211) 

plot(1:1:iter,u_c1_1(1,:)); 

subplot(212) 
plot(1:1:iter,u_c1_1(2,:)); 
  

figure (3) 

subplot(411) 

plot(1:1:iter,x_c1_2(1,:)); 

subplot(412) 

plot(1:1:iter,x_c1_2(2,:)); 

subplot(413) 

plot(1:1:iter,x_c1_2(3,:)); 

subplot(414) 

plot(1:1:iter,x_c1_2(4,:)); 

  

figure (4) 

subplot(211) 

plot(1:1:iter,u_c1_2(1,:)); 

subplot(212) 

plot(1:1:iter,u_c1_2(2,:)); 

  

figure (5) 

subplot(411) 

plot(1:1:iter,x_c1_3(1,:)); 

subplot(412) 

plot(1:1:iter,x_c1_3(2,:)); 

subplot(413) 

plot(1:1:iter,x_c1_3(3,:)); 

subplot(414) 

plot(1:1:iter,x_c1_3(4,:)); 

  

figure (6) 

subplot(211) 

plot(1:1:iter,u_c1_3(1,:)); 

subplot(212) 

plot(1:1:iter,u_c1_3(2,:)); 

  

figure (7) 

subplot(411) 
plot(1:1:iter,x_c1_4(1,:)); 
subplot(412) 

plot(1:1:iter,x_c1_4(2,:)); 

subplot(413) 

plot(1:1:iter,x_c1_4(3,:)); 

subplot(414) 

plot(1:1:iter,x_c1_4(4,:)); 

  

figure (8) 

subplot(211) 

plot(1:1:iter,u_c1_4(1,:)); 

subplot(212) 

plot(1:1:iter,u_c1_4(2,:)); 

  

figure (9) 

subplot(411) 

plot(1:1:iter,x_c1_5(1,:)); 

subplot(412) 

plot(1:1:iter,x_c1_5(2,:)); 

subplot(413) 

plot(1:1:iter,x_c1_5(3,:)); 

subplot(414) 

plot(1:1:iter,x_c1_5(4,:)); 

  

figure (10) 

subplot(211) 

plot(1:1:iter,u_c1_5(1,:)); 

subplot(212) 

plot(1:1:iter,u_c1_5(2,:)); 

  

figure (11) 

subplot(411) 

plot(1:1:iter,x_c1_6(1,:)); 

subplot(412) 

plot(1:1:iter,x_c1_6(2,:)); 

subplot(413) 
plot(1:1:iter,x_c1_6(3,:)); 
subplot(414) 

plot(1:1:iter,x_c1_6(4,:)); 

  

figure (12) 

subplot(211) 

plot(1:1:iter,u_c1_6(1,:)); 

subplot(212) 

plot(1:1:iter,u_c1_6(2,:)); 

  

figure (13) 

subplot(411) 

plot(1:1:iter,x_c1_7(1,:)); 

subplot(412) 

plot(1:1:iter,x_c1_7(2,:)); 

subplot(413) 

plot(1:1:iter,x_c1_7(3,:)); 

subplot(414) 

plot(1:1:iter,x_c1_7(4,:)); 

  

figure (14) 

subplot(211) 

plot(1:1:iter,u_c1_7(1,:)); 

subplot(212) 

plot(1:1:iter,u_c1_7(2,:)); 

  

figure (15) 

subplot(411) 

plot(1:1:iter,x_c1_8(1,:)); 

subplot(412) 

plot(1:1:iter,x_c1_8(2,:)); 

subplot(413) 

plot(1:1:iter,x_c1_8(3,:)); 

subplot(414) 

plot(1:1:iter,x_c1_8(4,:)); 

  
figure (16) 
subplot(211) 

plot(1:1:iter,u_c1_8(1,:)); 

subplot(212) 

plot(1:1:iter,u_c1_8(2,:)); 

  

figure (17) 

subplot(411) 

plot(1:1:iter,x_c1_9(1,:)); 

subplot(412) 

plot(1:1:iter,x_c1_9(2,:)); 

subplot(413) 

plot(1:1:iter,x_c1_9(3,:)); 

subplot(414) 

plot(1:1:iter,x_c1_9(4,:)); 

  

figure (18) 

subplot(211) 

plot(1:1:iter,u_c1_9(1,:)); 

subplot(212) 

plot(1:1:iter,u_c1_9(2,:)); 

  

figure (19) 

subplot(411) 

plot(1:1:iter,x_c1_10(1,:)); 

subplot(412) 

plot(1:1:iter,x_c1_10(2,:)); 

subplot(413) 

plot(1:1:iter,x_c1_10(3,:)); 

subplot(414) 

plot(1:1:iter,x_c1_10(4,:)); 

  

figure (20) 

subplot(211) 

plot(1:1:iter,u_c1_10(1,:)); 

subplot(212) 
plot(1:1:iter,u_c1_10(2,:)); 
  

figure (21) 

plot(1:1:iter-1,sum_tot); 

  

figure (22) 

plot(1:1:iter-1,T_used); 

  

iter1 = iter; 

figure (23) 

plot(1:1:iter1-1,delay_c1(1,1:iter1-1)); 

hold on; 

plot(1:1:iter1-1,delay_c1(2,1:iter1-1)); 

plot(1:1:iter1-1,delay_c1(3,1:iter1-1)); 

plot(1:1:iter1-1,delay_c1(4,1:iter1-1)); 

plot(1:1:iter1-1,delay_c1(5,1:iter1-1)); 

plot(1:1:iter1-1,delay_c1(6,1:iter1-1)); 

plot(1:1:iter1-1,delay_c1(7,1:iter1-1)); 

plot(1:1:iter1-1,delay_c1(8,1:iter1-1)); 

plot(1:1:iter1-1,delay_c1(9,1:iter1-1)); 

plot(1:1:iter1-1,delay_c1(10,1:iter1-1)); 

  

figure (24) 

plot(1:1:iter,J_s(1,:)); 

hold on; 

plot(1:1:iter,J_s(2,:)); 

plot(1:1:iter,J_s(3,:)); 

plot(1:1:iter,J_s(4,:)); 

plot(1:1:iter,J_s(5,:)); 

plot(1:1:iter,J_s(6,:)); 

plot(1:1:iter,J_s(7,:)); 

plot(1:1:iter,J_s(8,:)); 

plot(1:1:iter,J_s(9,:)); 

plot(1:1:iter,J_s(10,:)); 

 
 
