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7.9 Matlab Codes 

Matlab code for Example 7.4-1. 
clear all; 
close all; 
clc; 
  
%-------------------------------------------------------------------------- 
% Nonlinear Networked control system 
%-------------------------------------------------------------------------- 
  
Tp = 0.1;  % The sampling interval 
c_t = 0.8; 
b_d = 2;   % The delay bound 
  
x_int = [6;-3.5];  % The initial system state 
k_s = [-2 -5];   % The stable control gain 
L_s = [-1 -1]; 
k_s_NCS = [-2 -5 -1 -1 -1 -1]; 
L_s_NCS = [-1 -1 -1 -1 -1 -1]; 
u_int = k_s*x_int; 
d_int = L_s*x_int; 
  
iter = 200; % The iteration time 
tN = iter; 
% Generating the time-dependent activation function 
  
THRESHOLD = 3.50e2; 
for k = 1 : (tN+1) 
    Phi_n(:,:,k) = THRESHOLD * ... 
        tanh( [(tN+1-k)^9, (tN+1-k)^8, (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5,  
(tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1; ... 
               (tN+1-k)^8, (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4,  
(tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,     1,      (tN+1-k)^9; ... 
               (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3,  
(tN+1-k)^2, (tN+1-k)^1,     1,      (tN+1-k)^9, (tN+1-k)^8; ... 
               (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2,  
(tN+1-k)^1,     1,      (tN+1-k)^9, (tN+1-k)^8, (tN+1-k)^7; ... 
               (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,      
1,      (tN+1-k)^9, (tN+1-k)^8, (tN+1-k)^7, (tN+1-k)^6; ... 
               (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,    1,        
(tN+1-k)^9, (tN+1-k)^8, (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5; ... 
               (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1,      1,     (tN+1-k)^9,  
(tN+1-k)^8, (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4; ... 
               (tN+1-k)^2, (tN+1-k)^1,     1,      (tN+1-k)^9, (tN+1-k)^8,  
(tN+1-k)^7, (tN+1-k)^7, (tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4; ... 
                 tN+1-k,        1,     (tN+1-k)^9, (tN+1-k)^8, (tN+1-k)^7,  
(tN+1-k)^6, (tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2; ... 
                   1,      (tN+1-k)^9, (tN+1-k)^8, (tN+1-k)^7, (tN+1-k)^6,  
(tN+1-k)^5, (tN+1-k)^4, (tN+1-k)^3, (tN+1-k)^2, (tN+1-k)^1 ] / THRESHOLD ); 
end 
  
% Case 1: The nonlinear system without delays 
x_s1(:,1) = x_int; 
u_s1(:,1) = u_int; 
d_s1(:,1) = d_int; 
for i = 2:iter 
    x_s1(:,i) = nonlinear_system(x_s1(:,i-1),u_s1(:,i-1),d_s1(:,i-1),Tp); 
    u_s1(:,i) = opt_u(x_s1(:,i)); 
    d_s1(:,i) = opt_d(x_s1(:,i)); 
end 
  
figure (1) 
plot(x_s1(1,:),'b-'); 
hold on; 
plot(x_s1(2,:),'r-'); 
  
% Case 2: The nonlinear system with delays and case1's control input 
x_s2(:,1) = x_int; 
u_s1(1) = k_s*x_int; 
x_s2(:,2) = nonlinear_system_NCS(x_s2(:,1),0,0,0,0,Tp,c_t); 
u_s2(2) = k_s*x_s2(:,2); 
d_s2(2) = L_s*x_s2(:,2); 
x_s2(:,3) = nonlinear_system_NCS(x_s2(:,2),u_s2(1),0,d_s2(1),0,Tp,c_t); 
u_s2(3) = k_s*x_s2(:,3); 
d_s2(3) = L_s*x_s2(:,3); 
  
for i = 4:iter 
    x_s2(:,i) = nonlinear_system_NCS(x_s2(:,i-1),u_s2(i-2),u_s2(i-3),d_s2(i-
2),d_s2(i-3),Tp,c_t); 
    u_s2(i) = k_s*x_s2(:,i); 
    d_s2(i) = L_s*x_s2(:,i); 
end 
  
figure (2) 
plot(x_s2(1,:),'b-'); 
hold on; 
plot(x_s2(2,:),'r-'); 
  
% Case 2-1: Without delays use HDP value iteration method 
err = 1; 
Q = 0.5*eye(2); 
R = 1; 
G = -1; 
x_s21(:,1) = x_s1(:,1);  % The initial state 
u_s21(1) = k_s*x_s21(:,1);  % The 1st iteration controller input 
d_s21(1) = L_s*x_s21(:,1); 
alpha1 = 0.0001; 
alpha_u = 0.5; 
alpha_d = 0.5; 
k_i = zeros(1,2); 
L_i = zeros(1,2); 
% W_u(1,:) = zeros(1,3);  % The weights for the control input 
  
for i = 1:iter 
    err = 1; 
    base_x(:,i) = critic_NN_base(x_s21(:,i)); 
    u_s21(i) = k_i*x_s21(:,i);  % The 1st iteration controller input 
    d_s21(i) = L_i*x_s21(:,i); 
    index = 1; 
    index2 = 1; 
    if i ==1 
        W_v(index,:,i) = ones(1,3); 
        W_u(index2,:,i) = ones(1,3); 
        W_d(index2,:,i) = ones(1,3); 
    else 
        W_v(index,:,i) = W_v(index+1,:,i-1); 
        W_u(index,:,i) = W_u(index,:,i-1); 
        W_d(index,:,i) = W_d(index,:,i-1); 
    end 
    index = index + 1; 
    index2 = index2 + 1; 
  
    while (index <= 5) 
        x_s21(:,i+1) = nonlinear_system(x_s21(:,i),u_s21(i),d_s21(i),Tp); 
        base_x(:,i+1) = critic_NN_base(x_s21(:,i+1)); 
        d_base_x = base_x(:,i+1) - base_x(:,i);  % sigma 2 
        r = x_s21(:,i)'*Q*x_s21(:,i) + u_s21(i)'*R*u_s21(i) - 
d_s21(i)'*G*d_s21(i); 
        W_v(index,:,i) = (W_v(index-1,:,i)' - 
alpha1/(d_base_x'*d_base_x+1)*d_base_x*(d_base_x'*W_v(index-1,:,i)' + r))'; % 
Update the critic NN weights 
     
        % Update action NN control 
%         while(index2<=2) 
        g_x = G_fun(x_s21(:,i)); 
        h_x = H_fun(x_s21(:,i)); 
        action_b = action_NN_base(x_s21(:,i+1)); 
        action_b2 = action_NN_base(x_s21(:,i)); 
        u_s_est(i) = -0.5*inv(R)*g_x'*action_b'*W_v(index,:,i)'; 
        d_s_est(i) = 0.5*inv(G)*h_x'*action_b'*W_v(index,:,i)'; 
        base_u = -0.5*action_b2*g_x;%0.5*inv(R)* 
        base_d = 0.5*action_b2*h_x; 
%         base_u = action_b; 
        u_s21(i) = W_u(index-1,:,i)*base_u; 
        d_s21(i) = W_d(index-1,:,i)*base_d; 
        e_u(i) = u_s21(i) - u_s_est(i); 
        e_d(i) = d_s21(i) - d_s_est(i); 
        W_u(index,:,i) = (W_u(index-1,:,i)' - 
alpha_u/(base_u'*base_u+1)*base_u*e_u(i))'; 
        W_d(index,:,i) = (W_d(index-1,:,i)' - 
alpha_d/(base_d'*base_d+1)*base_d*e_d(i))'; 
%         index = index + 1; 
%         end 
     
        err = norm(W_v(index,:,i) - W_v(index-1,:,i)); 
        index = index + 1; 
    end 
  
    x_s21(:,i+1) = nonlinear_system(x_s21(:,i),u_s21(i),d_s21(i),Tp); 
  
end 
     
figure (3) 
plot(x_s21(1,1:200),'b-'); 
hold on; 
plot(x_s21(2,1:200),'r-'); 
% plot(x_s1(1,1:200),'g-'); 
% plot(x_s1(2,1:200),'r.-'); 
  
% Case 2-2: Nonliner without delays and optimal control on time scale 
errt = 1; 
Qt = 0.5*eye(2); 
Rt = 1; 
Gt = 1; 
x_st(:,1) = x_s1(:,1);  % The initial state 
u_st(1) = k_s*x_s21(:,1);  % The 1st iteration controller input 
d_st(1) = L_s*x_s21(:,1); 
alpha1t = 0.0001; 
alpha_ut = 0.5; 
alpha_dt = 0.5; 
k_i = zeros(1,2); 
L_i = zeros(1,2); 
% W_u(1,:) = zeros(1,3);  % The weights for the control input 
  
for i = 1:iter 
     
    errt = 1; 
    base_xt(:,i) = critic_NN_base(x_st(:,i)); 
    u_st(i) = k_i*x_st(:,i);  % The 1st iteration controller input 
    d_st(i) = L_i*x_st(:,i); 
  
    if i ==1 
        W_vt(i,:) = ones(1,3); 
        W_ut(i,:) = ones(1,3); 
        W_dt(i,:) = ones(1,3); 
%     else 
%         W_vt(i,:) = W_vt(i-1,:); 
%         W_ut(i,:) = W_ut(i-1,:); 
    end 
  
    x_st(:,i+1) = nonlinear_system(x_st(:,i),u_st(i),d_st(i),Tp); 
    base_xt(:,i+1) = critic_NN_base(x_st(:,i+1)); 
    d_base_xt = base_xt(:,i+1) - base_xt(:,i);  % sigma 2 
    rt = x_st(:,i)'*Qt*x_st(:,i) + u_st(i)'*Rt*u_st(i) - d_st(i)'*Gt*d_st(i); 
    W_vt(i+1,:) = (W_vt(i,:)' - 
alpha1t/(d_base_xt'*d_base_xt+1)*d_base_xt*(d_base_xt'*W_vt(i,:)' + rt))'; % 
Update the critic NN weights 
     
    % Update action NN control 
%         while(index2<=2) 
    g_xt = G_fun(x_st(:,i)); 
    h_xt = H_fun(x_st(:,i)); 
    action_bt = action_NN_base(x_st(:,i+1)); 
    action_bt2 = action_NN_base(x_st(:,i)); 
    u_st_est(i) = -0.5*inv(R)*g_xt'*action_bt'*W_vt(i,:)'; 
    d_st_est(i) = 0.5*inv(G)*h_xt'*action_bt'*W_vt(i,:)'; 
    base_ut = -0.5*action_bt2*g_xt;%0.5*inv(R)* 
    base_dt = 0.5*action_bt2*h_xt; 
%         base_u = action_b; 
    u_st(i) = W_ut(i,:)*base_ut; 
    d_st(i) = W_dt(i,:)*base_dt; 
    e_ut(i) = u_st(i) - u_st_est(i); 
    e_dt(i) = d_st(i) - d_st_est(i); 
    W_ut(i+1,:) = (W_ut(i,:)' - 
alpha_u/(base_ut'*base_ut+1)*base_ut*e_ut(i))'; 
    W_dt(i+1,:) = (W_dt(i,:)' - 
alpha_d/(base_dt'*base_dt+1)*base_dt*e_dt(i))'; 
%         index = index + 1; 
%         end 
     
    err = norm(W_vt(i+1,:) - W_vt(i,:)); 
%         index = index + 1; 
  
    x_st(:,i+1) = nonlinear_system(x_st(:,i),u_st(i),d_st(i),Tp); 
  
end 
     
figure (4) 
plot(x_st(1,1:200),'b-'); 
hold on; 
plot(x_st(2,1:200),'r-'); 
plot(x_s1(1,1:200),'g-'); 
plot(x_s1(2,1:200),'r.-'); 
  
% Case 2-3: The stable control for NNCS 
z_int = [x_int;0;0;0;0];  % The initial augment state 
z_ss(:,1) = z_int; 
u_ss(:,1) = k_s_NCS*z_ss(:,1); 
d_ss(:,1) = L_s_NCS*z_ss(:,1); 
z_ss(1:2,2) = nonlinear_system_NCS(z_ss(1:2,1),0,0,0,0,Tp,c_t); 
z_ss(3:4,2) = zeros(2,1); 
z_ss(5:6,2) = zeros(2,1); 
u_ss(:,2) = k_s_NCS*z_ss(:,2); 
d_ss(:,2) = L_s_NCS*z_ss(:,2); 
z_ss(1:2,3) = nonlinear_system_NCS(z_ss(1:2,2),u_ss(1),0,d_ss(1),0,Tp,c_t); 
z_ss(3:4,3) = zeros(2,1); 
z_ss(5:6,3) = zeros(2,1); 
u_ss(:,3) = k_s_NCS*z_ss(:,3); 
d_ss(:,3) = L_s_NCS*z_ss(:,3); 
  
Qss = 0.5*eye(6); 
Rss = 1; 
Gss = 1; 
  
for i = 4:iter 
    z_ss(1:2,i) = nonlinear_system_NCS(z_ss(1:2,i-1),u_ss(i-2),u_ss(i-
3),d_ss(i-2),d_ss(i-3),Tp,c_t); 
    z_ss(3:4,i) = [u_ss(i-1);u_ss(i-2)]; 
    z_ss(5:6,i) = [d_ss(i-1);d_ss(i-2)]; 
    u_ss(:,i) = k_s_NCS*z_ss(:,i); 
    d_ss(:,i) = L_s_NCS*z_ss(:,i); 
end 
  
cost_ss(1) = z_ss(:,1)'*Qss*z_ss(:,1) + u_ss(:,1)'*Rss*u_ss(:,1) - 
d_ss(:,1)'*Gss*d_ss(:,1); 
for i = 2:iter 
    cost_ss(i) = cost_ss(i-1) + z_ss(:,i)'*Qss*z_ss(:,i) + 
u_ss(:,i)'*Rss*u_ss(:,i) - d_ss(:,i)'*Gss*d_ss(:,i); 
end 
  
figure (5) 
plot(z_ss(1,:),'b-'); 
hold on; 
plot(z_ss(2,:),'r-'); 
  
% Case 3: The nonlinear with delays and new stable control input with 
% augment state 
z_int = [x_int;0;0;0;0];  % The initial augment state 
k_us_NCS = randn(1,6); 
z_s3(:,1) = z_int; 
u_sz(:,1) = k_s_NCS*z_s3(:,1); 
d_sz(:,1) = L_s_NCS*z_s3(:,1); 
z_s3(1:2,2) = nonlinear_system_NCS(z_s3(1:2,1),0,0,0,0,Tp,c_t); 
z_s3(3:4,2) = zeros(2,1); 
z_s3(5:6,2) = zeros(2,1); 
u_sz(:,2) = k_s_NCS*z_s3(:,2); 
d_sz(:,2) = L_s_NCS*z_s3(:,2); 
z_s3(1:2,3) = nonlinear_system_NCS(z_s3(1:2,2),u_s2(1),0,d_s2(1),0,Tp,c_t); 
z_s3(3:4,3) = zeros(2,1); 
z_s3(5:6,3) = zeros(2,1); 
u_sz(:,3) = k_s_NCS*z_s3(:,3); 
d_sz(:,3) = L_s_NCS*z_s3(:,3); 
Qz = 0.5*eye(6); 
Rz = 1; 
Gz = 1; 
alpha1z = 0.01; 
alpha_uz = 0.5; 
alpha_dz = 0.5; 
  
for i = 4:iter 
    z_s3(1:2,i) = nonlinear_system_NCS(z_s3(1:2,i-1),u_sz(i-2),u_sz(i-
3),d_sz(i-2),d_sz(i-3),Tp,c_t); 
    z_s3(3:4,i) = [u_sz(i-1);u_sz(i-2)]; 
    z_s3(5:6,i) = [d_sz(i-1);d_sz(i-2)]; 
     
    err1 = 1; 
    base_z(:,i) = critic_NN_base_aug(z_s3(:,i),z_s3(3,i),z_s3(4,i)); 
    u_sz(i) = k_s_NCS*z_s3(:,i);  % The 1st iteration controller input 
    d_sz(i) = L_s_NCS*z_s3(:,i); 
    indexz = 1; 
     
    if i == 4 
        W_vz(indexz,:,i) = randn(1,10); 
        W_uz(indexz,:,i) = randn(1,10); 
        W_dz(indexz,:,i) = randn(1,10); 
    else 
        W_vz(indexz,:,i) = W_vz(indexz+1,:,i-1); 
        W_uz(indexz,:,i) = W_uz(indexz+1,:,i-1); 
        W_dz(indexz,:,i) = W_dz(indexz+1,:,i-1); 
    end 
    indexz = indexz + 1; 
  
    while (indexz <= 10) 
        z_s3(1:2,i+1) = nonlinear_system_NCS(z_s3(1:2,i),u_sz(i-1),u_sz(i-
2),d_sz(i-1),d_sz(i-2),Tp,c_t); 
        z_s3(3:4,i+1) = [u_sz(i);u_sz(i-1)]; 
        z_s3(5:6,i+1) = [d_sz(i);d_sz(i-1)]; 
        base_z(:,i+1) = 
critic_NN_base_aug(z_s3(1:2,i+1),z_s3(3,i+1),z_s3(4,i+1)); 
        d_base_z = Phi_n(:,:,i+1)*base_z(:,i+1) - Phi_n(:,:,i)*base_z(:,i);  % 
sigma 2 
        r = z_s3(:,i)'*Qz*z_s3(:,i) + u_sz(i)'*Rz*u_sz(i) - 
d_sz(i)'*Gz*d_sz(i); 
        W_vz(indexz,:,i) = (W_vz(indexz-1,:,i)' - 
alpha1z/(d_base_z'*d_base_z+1)*d_base_z*(d_base_z'*W_vz(indexz-1,:,i)' + 
r))'; % Update the critic NN weights 
     
        % Update action NN control 
        g_z1 = G_fun(z_s3(1:2,i)); 
        g_z = [0;0;1;0]; 
%         g_z = [g_z1;1;0]; 
        h_z1 = H_fun(z_s3(1:2,i)) 
        h_z = [0;0;1;0]; 
%         h_z = [h_z1;0;1]; 
        action_bz =  action_NN_base_aug(z_s3(1:2,i+1),z_s3(3,i+1),z_s3(4,i+1)); 
        action_bz1 = action_NN_base_aug(z_s3(1:2,i),z_s3(3,i),z_s3(4,i)); 
        action_bz2 = action_NN_base_aug(z_s3(1:2,i),z_s3(5,i),z_s3(6,i)); 
        u_s_estz(i) = -0.5*inv(R)*g_z'*action_bz'*W_vz(indexz,:,i)'; 
        d_s_estz(i) = 0.5*inv(G)*h_z'*action_bz'*W_vz(indexz,:,i)'; 
        base_uz = -0.5*inv(R)*action_bz1*g_z; 
        base_dz = 0.5*inv(G)*action_bz2*h_z; 
        u_sz(i) = W_uz(indexz-1,:,i)*base_uz; 
        d_sz(i) = W_dz(indexz-1,:,i)*base_dz; 
        e_uz(i) = u_sz(i) - u_s_estz(i); 
        e_dz(i) = d_sz(i) - d_s_estz(i); 
        W_uz(indexz,:,i) = (W_uz(indexz-1,:,i)' - 
alpha_uz/(base_uz'*base_uz+1)*base_uz*e_uz(i))'; 
        W_dz(indexz,:,i) = (W_dz(indexz-1,:,i)' - 
alpha_dz/(base_dz'*base_dz+1)*base_dz*e_dz(i))'; 
     
        err1 = norm(W_vz(indexz,:,i) - W_vz(indexz-1,:,i)); 
        indexz = indexz + 1; 
    end 
  
    z_s3(1:2,i+1) = nonlinear_system_NCS(z_s3(1:2,i),u_sz(i-1),u_sz(i-
2),d_sz(i-1),d_sz(i-2),Tp,c_t); 
    z_s3(3:4,i+1) = [u_sz(i);u_sz(i-1)]; 
    z_s3(5:6,i+1) = [d_sz(i);d_sz(i-1)]; 
%     u_s3(i) = k_s_NCS*z_s3(:,i); 
end 
  
cost_s3(1) = z_s3(:,1)'*Qz*z_s3(:,1) + u_sz(:,1)'*Rz*u_sz(:,1) - 
d_sz(:,1)'*Gz*d_sz(:,1); 
cost_s31(1) = z_s3(:,1)'*Qz*z_s3(:,1) + u_sz(:,1)'*Rz*u_sz(:,1) - 
d_sz(:,1)'*Gz*d_sz(:,1); 
for i = 2:iter 
    cost_s3(i) = cost_s3(i-1) + z_s3(:,i)'*Qz*z_s3(:,i) + 
u_sz(:,i)'*Rz*u_sz(:,i) - d_sz(:,i)'*Gz*d_sz(:,i); 
end 
for i = 2:iter 
    cost_s31(i) =  z_s3(:,i)'*Qz*z_s3(:,i) + u_sz(:,i)'*Rz*u_sz(:,i) - 
d_sz(:,i)'*Gz*d_sz(:,i); 
end 
  
  
figure (6) 
plot(z_s3(1,:),'b-'); 
hold on; 
plot(z_s3(2,:),'r-'); 
  
z_int = [x_int;0;0;0;0];  % The initial augment state 
z_st(:,1) = z_int; 
u_szt(:,1) = k_s_NCS*z_st(:,1); 
d_szt(:,1) = L_s_NCS*z_st(:,1); 
z_st(1:2,2) = nonlinear_system_NCS(z_st(1:2,1),0,0,0,0,Tp,c_t); 
z_st(3:4,2) = zeros(2,1); 
z_st(5:6,2) = zeros(2,1); 
u_szt(:,2) = k_s_NCS*z_s3(:,2); 
d_szt(:,2) = L_s_NCS*z_s3(:,2); 
z_st(1:2,3) = nonlinear_system_NCS(z_st(1:2,2),u_szt(1),0,d_szt(1),0,Tp,c_t); 
z_st(3:4,3) = zeros(2,1); 
z_st(5:6,3) = zeros(2,1); 
u_szt(:,3) = k_s_NCS*z_st(:,3); 
d_szt(:,3) = L_s_NCS*z_st(:,3); 
Qz = 0.5*eye(6); 
Rz = 1; 
Gz = 1; 
alpha1zt = 0.000000000005; 
alpha_uzt = 0.05; 
alpha_dzt = 0.05; 
alphag = 0.1; 
alphah = 0.1; 
iter = 200; 
  
% W_uzt(3,:) = ones(1,10); 
  
for i = 4:iter 
    z_st(1:2,i) = nonlinear_system_NCS(z_st(1:2,i-1),u_szt(i-2),u_szt(i-
3),d_szt(i-2),d_szt(i-3),Tp,c_t); 
    z_st(3:4,i) = [u_szt(i-1);u_szt(i-2)]; 
    z_st(5:6,i) = [d_szt(i-1);d_szt(i-2)]; 
     
    err1 = 1; 
    g_zt1 = G_fun(z_st(1:2,i)); 
    g_zt = [g_zt1;1;0]; 
%     g_zt = [0;0;1;0]; 
    h_zt1 = H_fun(z_st(1:2,i)); 
    h_zt = [h_zt1;0;1]; 
%     h_zt = [0;0;0;1]; 
    base_zt(:,i) = critic_NN_base_aug(z_st(:,i),z_st(3,i),z_st(4,i)); 
   
    action_bzt1 = action_NN_base_aug(z_st(1:2,i),z_st(3,i),z_st(4,i)); 
    action_bzt2 = action_NN_base_aug(z_st(1:2,i),z_st(5,i),z_st(6,i)); 
%     u_szt(i) = k_s_NCS*z_st(:,i);  % The 1st iteration controller input 
    base_pre = -0.5*inv(R)*action_bzt1*g_zt; 
    base_pree = 0.5*inv(G)*action_bzt2*h_zt; 
    if i == 4 
        u_szt(i) = k_s_NCS*z_st(:,i); 
        d_szt(i) = L_s_NCS*z_st(:,i); 
    else 
        u_szt(i) = W_uzt(i-1,:)*base_pre;  % The 1st iteration controller 
input 
        d_szt(i) = W_dzt(i-1,:)*base_pree; 
    end 
%     indexz = 1; 
    if i == 4 
        W_vzt(i,:) = 0.1*ones(1,10); 
        W_uzt(i,:) = 0.1*randn(1,10); 
        W_dzt(i,:) = 0.1*randn(1,10); 
        Wg(:,:,i) = 0*ones(4,10); 
        Wh(:,:,i) = 0*ones(4,10); 
%     else 
%         W_vzt(i,:) = W_vzt(i-1,:); 
%         W_uzt(i,:) = W_uzt(i-1,:); 
    end 
    err_g(:,i) = g_zt - Wg(:,:,i)*base_zt(:,i); 
    err_h(:,i) = h_zt - Wh(:,:,i)*base_zt(:,i) 
    Wg(:,:,i+1) = -(Wg(:,:,i)' - alphag/(base_zt(:,i)'*base_zt(:,i) + 
1)*base_zt(:,i)*err_g(:,i)')';%Wg(:,:,i)' 
    Wh(:,:,i+1) = -(Wh(:,:,i)' - alphah/(base_zt(:,i)'*base_zt(:,i) + 
1)*base_zt(:,i)*err_h(:,i)')'; 
%     indexz = indexz + 1; 
  
%     while (indexz <= 100) 
    z_st(1:2,i+1) = nonlinear_system_NCS(z_st(1:2,i),u_szt(i-1),u_szt(i-
2),d_szt(i-1),d_szt(i-2),Tp,c_t); 
    z_st(3:4,i+1) = [u_szt(i);u_szt(i-1)]; 
    z_st(5:6,i+1) = [d_szt(i);d_szt(i-1)]; 
    base_zt(:,i+1) = 
critic_NN_base_aug(z_st(1:2,i+1),z_st(3,i+1),z_st(4,i+1)); 
    d_base_zt = base_zt(:,i+1) - base_zt(:,i);  % sigma 2 
    rt = z_st(:,i)'*Qz*z_st(:,i) + u_szt(i)'*Rz*u_szt(i) - 
d_szt(i)'*Gz*d_szt(i); 
    W_vzt(i+1,:) = (W_vzt(i,:)' - 
alpha1zt/(d_base_zt'*d_base_zt+1)*d_base_zt*(d_base_zt'*W_vzt(i,:)' + rt))'; % 
Update the critic NN weights 
     
    % The HJB error 
    err_HJI(i) = d_base_zt'*W_vzt(i,:)' + rt; 
     
    % Update action NN control 
%         g_z = G_fun(z_s3(1:2,i)); 
%     g_zt = [0;0;1;0]; 
    action_bzt = action_NN_base_aug(z_st(1:2,i+1),z_st(3,i+1),z_st(4,i+1)); 
    action_bzt1 = action_NN_base_aug(z_st(1:2,i),z_st(3,i),z_st(4,i)); 
    action_bzt2 = action_NN_base_aug(z_st(1:2,i),z_st(5,i),z_st(6,i));
    base_uzt = -0.5*inv(R)*action_bzt1*(Wg(:,:,i+1)*base_zt(:,i));
    base_dzt = 0.5*inv(G)*action_bzt2*(Wh(:,:,i+1)*base_zt(:,i));
    z_st(1:2,i+1) = nonlinear_system_NCS(z_st(1:2,i),u_szt(i-1),u_szt(i-
cost_st(1) = z_st(:,1)'*Qz*z_st(:,1) + u_szt(:,1)'*Rz*u_szt(:,1) - 
cost_st1(1) = z_st(:,1)'*Qz*z_st(:,1) + u_szt(:,1)'*Rz*u_szt(:,1) - 
    cost_st1(i) =  z_st(:,i)'*Qz*z_st(:,i) + u_szt(:,i)'*Rz*u_szt(:,i) - 

    u_s_estzt(i) = -0.5*inv(R)*g_zt'*action_bzt'*W_vzt(i,:)'; 
    d_s_estzt(i) = 0.5*inv(G)*h_zt'*action_bzt'*W_vzt(i,:)'; 

%     base_pre = base_uzt; 
    u_szt(i) = W_uzt(i,:)*base_uzt; 
    d_szt(i) = W_dzt(i,:)*base_dzt; 
    e_uzt(i) = u_szt(i) - u_s_estzt(i); 
    e_dzt(i) = d_szt(i) - d_s_estzt(i); 
    W_uzt(i+1,:) = (W_uzt(i,:)' - 
alpha_uzt/(base_uzt'*base_uzt+1)*base_uzt*e_uzt(i))'; 
    W_dzt(i+1,:) = (W_dzt(i,:)' - 
alpha_dzt/(base_dzt'*base_dzt+1)*base_dzt*e_dzt(i))'; 
     
    err1t = norm(W_vzt(i+1,:) - W_vzt(i-1,:)); 
%         indexz = indexz + 1; 
  
  
2),d_szt(i-1),d_szt(i-2),Tp,c_t); 
    z_st(3:4,i+1) = [u_szt(i);u_szt(i-1)]; 
    z_st(5:6,i+1) = [d_szt(i);d_szt(i-1)]; 
%     u_s3(i) = k_s_NCS*z_s3(:,i); 
end 
  
d_szt(:,1)'*Gz*d_szt(:,1); 
d_szt(:,1)'*Gz*d_szt(:,1); 
for i = 2:iter 
    cost_st(i) = cost_st(i-1) + z_st(:,i)'*Qz*z_st(:,i) + 
u_szt(:,i)'*Rz*u_szt(:,i) - d_szt(:,i)'*Gz*d_szt(:,i); 
end 
for i = 2:iter 
d_szt(:,i)'*Gz*d_szt(:,i); 
end 
  
figure (7) 
plot(z_st(1,:),'b-'); 
hold on; 
plot(z_st(2,:),'r-'); 
% plot(z_s3(1,:),'b--'); 
% plot(z_s3(2,:),'g-.'); 
  
figure (8) 
% plot(cost_ss(iter:-1:1),'b-'); 
hold on; 
plot(cost_s3(iter:-1:1),'r-'); 
plot(cost_st(iter:-1:1),'g-'); 
  
W_vzt = W_vzt.*10 - ones(iter+1,10); 
figure (9) 
subplot(311) 

 

 
 
plot(W_vzt(:,1),'b-'); 
hold on; 
plot(W_vzt(:,2),'b-'); 
plot(W_vzt(:,3),'b-'); 
plot(W_vzt(:,4),'b-'); 
plot(W_vzt(:,5),'b-'); 
plot(W_vzt(:,6),'b-'); 
plot(W_vzt(:,7),'b-'); 
plot(W_vzt(:,8),'b-'); 
plot(W_vzt(:,9),'b-'); 
plot(W_vzt(:,10),'b-'); 
subplot(312) 
W_vzt = W_vzt.*10; 
plot(W_uzt(:,1),'b-'); 
hold on; 
plot(W_uzt(:,2),'b-'); 
plot(W_uzt(:,3),'b-'); 
plot(W_uzt(:,4),'b-'); 
plot(W_uzt(:,5),'b-'); 
plot(W_uzt(:,6),'b-'); 
plot(W_uzt(:,7),'b-'); 
plot(W_uzt(:,8),'b-'); 
plot(W_uzt(:,9),'b-'); 
plot(W_uzt(:,10),'b-'); 
subplot(313) 
plot(W_dzt(:,1),'b-'); 
hold on; 
plot(W_dzt(:,2),'b-'); 
plot(W_dzt(:,3),'b-'); 
plot(W_dzt(:,4),'b-'); 
plot(W_dzt(:,5),'b-'); 
plot(W_dzt(:,6),'b-'); 
plot(W_dzt(:,7),'b-'); 
plot(W_dzt(:,8),'b-'); 
plot(W_dzt(:,9),'b-'); 
plot(W_dzt(:,10),'b-'); 
% W_uzt = W_uzt.*10; 
figure (10) 
plot(W_uzt(:,1),'b-'); 
hold on; 
plot(W_uzt(:,2),'b-'); 
plot(W_uzt(:,3),'b-'); 
plot(W_uzt(:,4),'b-'); 
plot(W_uzt(:,5),'b-'); 
plot(W_uzt(:,6),'b-'); 
plot(W_uzt(:,7),'b-'); 
plot(W_uzt(:,8),'b-'); 
plot(W_uzt(:,9),'b-'); 
plot(W_uzt(:,10),'b-'); 
figure (11) 
plot(W_dzt(:,1),'b-'); 
hold on; 
plot(W_dzt(:,2),'b-'); 
plot(W_dzt(:,3),'b-'); 
plot(W_dzt(:,4),'b-'); 
plot(W_dzt(:,5),'b-'); 
plot(W_dzt(:,6),'b-'); 
plot(W_dzt(:,7),'b-'); 
plot(W_dzt(:,8),'b-'); 
plot(W_dzt(:,9),'b-'); 
plot(W_dzt(:,10),'b-'); 
  
figure (12) 
% plot(u_sz(1,:),'b-'); 
% hold on; 
plot(u_szt(1,:),'r-'); 
figure (13) 
% plot(u_sz(1,:),'b-'); 
% hold on; 
plot(d_szt(1,:),'r-'); 
  
figure (14) 
plot(err_HJI(6:iter)); 
  
for i = 1:iter 
    final(i) = base_zt(:,i)'*W_vzt(i,:)'; 
end 
  
FINAL_E = err_HJI(iter) + final(iter);  
  
figure (15) 
AA = [1.0863 0.0675 0.0017 3.5035*1e-4 1.5155*1e-6 1.3171*1e-6 3.6335*1e-9 
3*1e-9 1.0264*1e-10]; 
plot(AA); 
  
for i = 1:iter 
    cost_s31t(i) = sum(cost_s31(i:iter)); 
    cost_st1t(i) = sum(cost_st1(i:iter)); 
end 
  
figure (16) 
plot(cost_s31t,'r--'); 
hold on; 
plot(cost_st1t,'b-'); 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
