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5.7 Matlab Codes 

Matlab code for Example 5.2-1 
clear all; 
close all; 
clc; 
  
% 1. Initiation 
iter = 500; 
Tp = 0.1; % The sampling time 
B_delay = 2; % The bound of the delay 
  
% 1-1. The original system model and discrete time model 
Ac = [-1.01887 0.90506 0.00215;... 
    0.82225 -1.07741 -0.1755;... 
    0 0 -20.2]; 
Bc = [0.023;0;20.2]; 
Dc = [0.1;0.0038373;0.00001]; 
  
% 1-2. Random delays 
ind = 10; 
  
num_d = iter/ind; 
Delay1 = B_delay*Tp*rand(1,num_d); 
Delay2 = B_delay*Tp*(1+rand(1,num_d)); 
  
for i = 1:num_d 
    for j = 1:ind 
        R_de(:,(i-1)*ind+j) = [Delay1(i);Delay2(i)]; 
        D_use1(:,(i-1)*ind+j) = [Tp-Delay1(i),B_delay*Tp-Delay2(i)]; 
        D_use(1,(i-1)*ind+j) = Delay2(i) - Tp; 
        D_use(2,(i-1)*ind+j) = B_delay*Tp - Delay2(i); 
    end 
end 
  
% 1-3. Generate the augmented state model Af, Bf, Df 
Az = expm(Ac*Tp); 
Bz = quadv(@(t)myFun(t,-Ac),0,Tp)*expm(Ac*Tp)*Bc; 
Dz = quadv(@(t)myFun(t,-Ac),0,Tp)*expm(Ac*Tp)*Dc; 
Az1 = [0.906488 0.0816012 -0.0005;0.0741349 0.90121 -0.000708383; 0 0 
0.132655]; 
Bz1 = [-0.00150808;-0.0096;0.867345]; 
Dz1 = [0.00951892;0.00038373;0]; 
for i = 1:iter 
%     B1(:,i) = quadv(@(t)myFun(t,-
Ac),0,D_use(1,i))*expm(Ac*(Tp+D_use(1,i)))*Bc; 
    B1(:,i) = zeros(3,1);  % uk 
    B2(:,i) = quadv(@(t)myFun(t,-Ac),D_use(1,i),Tp)*expm(Ac*Tp)*Bc;  %uk-1 
    B3(:,i) = quadv(@(t)myFun(t,-Ac),0,D_use(1,i))*expm(Ac*Tp)*Bc; %uk-2   
%     D1(:,i) = quadv(@(t)myFun(t,-
Ac),0,D_use(1,i))*expm(Ac*(Tp+D_use(1,i)))*Dc; 
    D1(:,i) = zeros(3,1);   %dk 
    D2(:,i) = quadv(@(t)myFun(t,-Ac),D_use(1,i),Tp)*expm(Ac*Tp)*Dc;  %dk-1 
    D3(:,i) = quadv(@(t)myFun(t,-Ac),0,D_use(1,i))*expm(Ac*Tp)*Dc;  %dk-2 
    Af(:,:,i) = [Az B2(:,i) B3(:,i) D2(:,i) D3(:,i);zeros(1,7);zeros(1,4) 1 0 
0 ;zeros(1,7);zeros(1,6) 1]; 
    Bf(:,i) = [B1(:,i);1;zeros(3,1)]; 
    Df(:,i) = [D1(:,i);0;0;1;0]; 
end 
  
% 2. Comparing several cases. 
% 2-1. Case 1: Generate the standard stable control 
L_s = [0.1476 0.1244 0]; 
K_s = [0.0733 0.0872 -0.0661]; 
% L_s = [0.1476 0.1244 0.5];  % Stable disturbance gain 
% K_s = [0.9733 0.0872 -0.661]; % Stable control gain 
x_int = [10 5 -2]'; 
  
xtemp1 = x_int; 
for i = 1:iter 
    utemp1 = K_s*xtemp1; 
    dtemp1 = L_s*xtemp1; 
    x_s1(:,i) = Az1*xtemp1 + Bz1*utemp1 + Dz1*dtemp1; 
    xtemp1 = x_s1(:,i); 
end 
  
% Draw the state trajectory 
figure (1) 
plot(x_s1(1,:),'b-'); 
hold on; 
plot(x_s1(2,:),'r-'); 
plot(x_s1(3,:),'g-'); 
  
% 2-2. Case 2: State trajectory without considering delays and packet 
% losses 
% Still the same gains for control and disturbance 
  
xtemp21 = x_int; 
% For time 1 no control input 
x_s2(:,1) = Az*xtemp21; 
xtemp22 = x_s2(:,1); 
% For time 2  
uk_1 = K_s*xtemp21; 
dk_1 = L_s*xtemp21; 
x_s2(:,2) = Az*xtemp22 + B2(:,1)*uk_1 + D2(:,1)*dk_1; 
xtemp20 = xtemp21; 
xtemp21 = xtemp22; 
xtemp22 = x_s2(:,2); 
  
for i = 3:iter 
    uk_2 = K_s*xtemp20; 
    uk_1 = K_s*xtemp21; 
    dk_2 = L_s*xtemp20; 
    dk_1 = L_s*xtemp21; 
    x_s2(:,i) = Az*xtemp22 + B2(:,i-1)*uk_1 + B3(:,i-1)*uk_2 + D2(:,i-1)*dk_1 
+ D3(:,i-1)*dk_2; 
    xtemp20 = xtemp21; 
    xtemp21 = xtemp22; 
    xtemp22 = x_s2(:,i); 
end 
  
figure(2) 
plot(x_s2(1,:),'b-'); 
hold on; 
plot(x_s2(2,:),'r-'); 
plot(x_s2(3,:),'g-'); 
  
% 2-3. Case 3: Withnn Q-learning LQR considering with delays and packet 
losses 
Q = eye(7); 
R = [1 0;0 -1]; 
PP = [Q zeros(7,2);zeros(2,7) R]; 
for i = 1:num_d 
    A_lqr(:,:,i) = Af(:,:,ind*(i-1)+1); 
    B_lqr(:,:,i) = [Bf(:,ind*(i-1)+1) Df(:,ind*(i-1)+1)]+1e-8*rand(7,2); 
    [P(:,:,i),L(:,i),G(:,:,i)] = dare(A_lqr(:,:,i),B_lqr(:,:,i),Q,R); 
    for j = ind*(i-1)+1:ind*i 
        H_desired(:,:,j) = 
PP+[A_lqr(:,:,i)';B_lqr(:,:,i)']*P(:,:,i)*[A_lqr(:,:,i)';B_lqr(:,:,i)']'; 
        L_de(:,j) = pinv(H_desired(8,8,j)-
H_desired(8,9,j)*pinv(H_desired(9,9,j))*H_desired(9,8,j))*(H_desired(8,9,j)*p
inv(H_desired(9,9,j))*H_desired(9,1:7,j)-H_desired(8,1:7,j)); 
        K_de(:,j) = pinv(H_desired(9,9,j)-
H_desired(9,8,j)*pinv(H_desired(8,8,j))*H_desired(8,9,j))*(H_desired(9,8,j)*p
inv(H_desired(8,8,j))*H_desired(8,1:7,j)-H_desired(9,1:7,j)); 
    end 
end 
  
z_s1int = [x_int;0;0;0;0]; 
z_temp = z_s1int; 
% u_temp = -G(1,:,1)*z_temp; 
% d_temp = -G(2,:,1)*z_temp; 
u_temp = L_de(:,1)'*z_temp; 
d_temp = K_de(:,1)'*z_temp; 
u_s3(:,1) = u_temp; 
d_s3(:,1) = d_temp; 
j = 1; 
index = 1; 
for i = 1:iter 
    z_s1(:,i) = Af(:,:,i)*z_temp + Bf(:,i)*u_temp + Df(:,i)*d_temp; 
    z_temp = z_s1(:,i); 
    if j>ind 
        j = 1; 
        index = index+1; 
    else 
        j = j+1; 
    end 
%     u_temp = -G(1,:,index)*z_temp; 
%     d_temp = -G(2,:,index)*z_temp; 
    u_temp = L_de(:,i)'*z_temp; 
    d_temp = K_de(:,i)'*z_temp; 
    u_s3(:,i) = u_temp; 
    d_s3(:,i) = d_temp; 
%         ui4(i) = L_q(index_h,:)*a_s4(1:7,i)+noise1;%1e-10*rand;
%         di4(i) = K_q(index_h,:)*a_s4(1:7,i)+noise2;%1e-10*rand;
%         d_test(i) = a_s4(1:3,i)'*Rd_use*a_s4(1:3,i) + ui4(i)'*Qd_use*ui4(i) 
+ di4(i)'*Dd_use*di4(i) + a_s4(:,i+1)'*H(:,:,index_h)*a_s4(:,i+1);
%     ui4(l_len+1) = L_q(index_h,:)*a_s4(1:7,l_len+1)+noise1;%1e-10*rand;
%     di4(l_len+1) = K_q(index_h,:)*a_s4(1:7,l_len+1)+noise2;%1e-10*rand;
H(8,9,index_h)*pinv(H(9,9,index_h))*H(9,8,index_h))*(H(8,9,index_h)*pinv(H(9,
end 
figure (3) 
plot(z_s1(1,:),'b-'); 
hold on; 
plot(z_s1(2,:),'r-'); 
plot(z_s1(3,:),'g-'); 
  
% 2-4. Case 4: Q-learning with delays and packet losses 
% 1. Initial augment states 
q = 9; 
l_len = q*(q+1)/2; 
  
h(:,1) = zeros(1,45); 
H(:,:,1) = matrix_H(h(:,1),9); 
% H(:,:,1) = H_desired(:,:,1) 
index_h = 1; 
L_q(1,:) = zeros(1,7); 
K_q(1,:) = zeros(1,7); 
value_q = 1; 
% x_temp4 = x_int; 
% for i = 1:l_len+1 
%     x_s4(:,i) = Az*x_temp4; 
%     x_temp4 = x_s4(:,i); 
%     a_s4(:,i) = [x_s4(:,i);1e-10*rand(6,1)]; 
% end 
% ep = 0.1; 
% Rd_use = eye(3); 
% Qd_use = 1; 
% Dd_use = -1; 
% value_q = 1; 
%  
% noise1 = 1e-10*rand; 
% noise2 = 1e-10*rand 
%  
% while(value_q > ep) 
%      
%     for i = 1:l_len 



%     end 

%      
%     index_h = index_h + 1; 
%     a_s4 = [a_s4(1:7,1:46);ui4;di4]; 
%     a_sc = a_s4(:,1:45); 
%     a_sc_v = vector_state(a_sc,l_len,q); 
%     h(:,index_h) = pinv(a_sc_v*a_sc_v')*a_sc_v*d_test'; 
%     H(:,:,index_h) = matrix_H(h(:,index_h),9); 
%     L_q(index_h,:) = pinv(H(8,8,index_h)-

9,index_h))*H(9,1:7,index_h)-H(8,1:7,index_h)); 





































 
 
 
 
 
%     K_q(index_h,:) = pinv(H(9,9,index_h)-
H(9,8,index_h)*pinv(H(8,8,index_h))*H(8,9,index_h))*(H(9,8,index_h)*pinv(H(8,
8,index_h))*H(8,1:7,index_h)-H(9,1:7,index_h)); 
% %      
% %     as_temp4 = [x_int;zeros(4,1)]; 
% %      
% %     for i = 1:l_len+1 
% %         u_s4(:,i) = L_q(index_h,:)*as_temp4; 
% %         d_s4(:,i) = K_q(index_h,:)*as_temp4; 
% %         z_s4(:,i) = Af(:,:,i)*as_temp4 + Bf(:,i)*u_s4(:,i) + 
Df(:,i)*d_s4(:,i); 
% %         as_temp4 = z_s4(:,i); 
% %         a_s4(:,i) = [z_s4(:,i);u_s4(:,i);d_s4(:,i)]; 
% %     end 
%      
%     value_q = norm(h(:,index_h)-h(:,index_h-1),'fro'); 
%      
% end 
  
ep = 0.01; 
for ii = 1:iter/ind 
while(index_h < (ii-1)*ind+ind) 
     
    index_h = index_h + 1; 
    TT = [Af(:,:,(ii-1)*ind+1) Bf(:,1) Df(:,1);L_q(index_h-1,:)*Af(:,:,(ii-
1)*ind+1) L_q(index_h-1,:)*Bf(:,1) L_q(index_h-1,:)*Df(:,1);K_q(index_h-
1,:)*Af(:,:,(ii-1)*ind+1) K_q(index_h-1,:)*Bf(:,1) K_q(index_h-1,:)*Df(:,1)]; 
    H(:,:,index_h) = PP + TT'*H(:,:,index_h-1)*TT; 
    L_q(index_h,:) = pinv(H(8,8,index_h)-
H(8,9,index_h)*pinv(H(9,9,index_h))*H(9,8,index_h))*(H(8,9,index_h)*pinv(H(9,
9,index_h))*H(9,1:7,index_h)-H(8,1:7,index_h)); 
    K_q(index_h,:) = pinv(H(9,9,index_h)-
H(9,8,index_h)*pinv(H(8,8,index_h))*H(8,9,index_h))*(H(9,8,index_h)*pinv(H(8,
8,index_h))*H(8,1:7,index_h)-H(9,1:7,index_h)); 
%      
%     as_temp4 = [x_int;zeros(4,1)]; 
%      
%     for i = 1:l_len+1 
%         u_s4(:,i) = L_q(index_h,:)*as_temp4; 
%         d_s4(:,i) = K_q(index_h,:)*as_temp4; 
%         z_s4(:,i) = Af(:,:,i)*as_temp4 + Bf(:,i)*u_s4(:,i) + 
Df(:,i)*d_s4(:,i); 
%         as_temp4 = z_s4(:,i); 
%         a_s4(:,i) = [z_s4(:,i);u_s4(:,i);d_s4(:,i)]; 
%     end 
     
    value_q = norm(H(:,:,index_h)-H(:,:,index_h-1),'fro'); 
     
end 
end 
x_s41_temp = [x_int;zeros(4,1)]; 
z_s41(:,1) = x_s41_temp; 
for i = 1:500 
    x_s41(:,i) = x_s41_temp; 
    u_s41(:,i) = L_q(index_h,:)*x_s41(:,i); 
    d_s41(:,i) = K_q(index_h,:)*x_s41(:,i); 
    z_s41(:,i+1) = Af(:,:,i)*x_s41(:,i) + Bf(:,i)*u_s41(:,i) + 
Df(:,i)*d_s41(:,i); 
    x_s41_temp = z_s41(1:7,i+1); 
end 
  
cost_3_temp = 0; 
for jj = 1:500 
    cost_3(jj) = abs(cost_3_temp + z_s1(1:3,jj)'*eye(3)*z_s1(1:3,jj) + 
u_s3(:,jj)'*1*u_s3(:,jj) + d_s3(:,jj)'*(-1)*d_s3(:,jj)); 
    cost_3_temp = cost_3(jj); 
end 
  
cost_4_temp = 0; 
for jj = 1:500 
    cost_4(jj) = abs(cost_4_temp + x_s41(1:3,jj)'*eye(3)*x_s41(1:3,jj) + 
u_s41(:,jj)'*1*u_s41(:,jj) + d_s41(:,jj)'*(-1)*d_s41(:,jj)); 
    cost_4_temp = cost_4(jj); 
end 
  
x_s51_temp = [x_int;zeros(4,1)]; 
for ii = 1:7 
    for jj = 1:7 
        Af_5(ii,jj) = mean(Af(ii,jj,:)); 
    end 
    Bf_5(ii,1) = mean(Bf(ii,:)); 
    Df_5(ii,1) = mean(Df(ii,:)); 
end 
  
H_q5(:,:,1) = zeros(9,9); 
% H(:,:,1) = H_desired(:,:,1) 
index_h = 1; 
L_q5(1,:) = zeros(1,7); 
K_q5(1,:) = zeros(1,7); 
while(index_h < iter) 
     
    index_h = index_h + 1; 
    TT_5 = [Af_5(:,:) Bf_5(:,1) Df_5(:,1);L_q5(index_h-1,:)*Af_5(:,:) 
L_q5(index_h-1,:)*Bf_5(:,1) L_q5(index_h-1,:)*Df_5(:,1);K_q5(index_h-
1,:)*Af_5(:,:) K_q5(index_h-1,:)*Bf_5(:,1) K_q5(index_h-1,:)*Df_5(:,1)]; 
    H_q5(:,:,index_h) = PP + TT_5'*H_q5(:,:,index_h-1)*TT_5; 
    L_q5(index_h,:) = pinv(H_q5(8,8,index_h)-
H_q5(8,9,index_h)*pinv(H_q5(9,9,index_h))*H_q5(9,8,index_h))*(H_q5(8,9,index_
h)*pinv(H_q5(9,9,index_h))*H_q5(9,1:7,index_h)-H_q5(8,1:7,index_h)); 
    K_q5(index_h,:) = pinv(H_q5(9,9,index_h)-
H_q5(9,8,index_h)*pinv(H_q5(8,8,index_h))*H_q5(8,9,index_h))*(H_q5(9,8,index_
h)*pinv(H_q5(8,8,index_h))*H_q5(8,1:7,index_h)-H_q5(9,1:7,index_h)); 
     
    value_q = norm(H_q5(:,:,index_h)-H_q5(:,:,index_h-1),'fro'); 
     
end 
  
for i = 1:500 
    x_s51(:,i) = x_s51_temp; 
    u_s51(:,i) = L_q5(i,:)*x_s51(:,i); 
    d_s51(:,i) = K_q5(i,:)*x_s51(:,i); 
    z_s51(:,i+1) = Af(:,:,i)*x_s51(:,i) + Bf(:,i)*u_s51(:,i) + 
Df(:,i)*d_s51(:,i); 
    x_s51_temp = z_s51(1:7,i+1); 
end 
  
cost_5_temp = 0; 
for jj = 1:500 
    cost_5(jj) = abs(cost_5_temp + x_s51(1:3,jj)'*eye(3)*x_s51(1:3,jj) + 
u_s51(:,jj)'*1*u_s51(:,jj) + d_s51(:,jj)'*(-1)*d_s51(:,jj)); 
    cost_5_temp = cost_5(jj); 
end 
  
figure (4) 
plot(z_s41(1,:),'b-'); 
hold on; 
plot(z_s41(2,:),'r-'); 
plot(z_s41(3,:),'g-'); 
  
figure (5) 
plot(z_s51(1,:),'b-'); 
hold on; 
plot(z_s51(2,:),'r-'); 
plot(z_s51(3,:),'g-'); 
  
figure(6) 
% plot(cost_3(iter:-1:1),'b-'); 
hold on; 
plot(cost_4(iter:-1:1),'r--'); 
plot(cost_5(iter:-1:1),'g-.'); 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
