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9.7 Code 

%Matlab codes for Example 9.3-1 
%Copyright by Author—Hao Xu 
clear all; 

close all; 

clc; 

  

T_s = 0.10;                     % Sampling interval 

iter = 200; 

  

% Continuous-time system 

Ac = [0.55 -0.4; 0.3 -0.7]; 

Bc = [1 1]'; 

  

K = [-1.3268 0.4618]; 

  

% Discretized the system 

Ad = expm(Ac*T_s) 

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

  

% Ad = [0.1 1.2;0.007 1.05]; 

% Bd = [300 200;0.5 0.001]; 

Q1 = 0.001*eye(2); 

R1 = 0.5;%*ones(2,2); 

  

[xx,ll,gg] = dare(Ad,Bd,Q1,R1); 

P = xx; 

K = -gg;% + 0.001*rand(2,2); 

  

x_int = [-0.2 0.5]';   % Initial system state 

x_t(:,1) = x_int;  

u_t(:,1) = K*x_t(:,1); 

for i = 1:iter-1 

    x_t(:,i+1) = Ad*x_t(:,i) + Bd*u_t(:,i); 
    u_t(:,i+1) = K*x_t(:,i+1); 
end 

  

figure (1) 

plot(x_t(1,:)); 

hold on; 

plot(x_t(2,:)); 

  

figure (2) 

plot(u_t(1,:)); 

hold on; 

% plot(u_t(2,:)) 

  

% Case 1: ZOH event-triggered 

% P = 0.5*eye(2); 

Q = P - 1*(Ad+Bd*K)'*P*(Ad+Bd*K); 

sigma = 0.01; 

  

gamma_zoh = sigma*norm(Q)/(norm(Bd*K)^2*norm(P)); 

  

x_zoh(:,1) = x_int; 

u_zoh(:,1) = K*x_zoh(:,1); 

x_hat = x_zoh(:,1); 

for i = 1:iter-1 

    x_zoh(:,i+1) = Ad*x_zoh(:,i) + Bd*u_zoh(:,i); 

    err_zoh(:,i+1) = x_zoh(:,i+1) - x_hat; 

     

    if norm(err_zoh(:,i+1))^2 <= gamma_zoh*(norm(x_zoh(:,i+1))^2) 

        u_zoh(:,i+1) = u_zoh(:,i); 

    else 

        x_hat = x_zoh(:,i+1); 

        u_zoh(:,i+1) = K*x_zoh(:,i+1); 

        err_zoh(:,i+1) = 0; 

    end 

     

    err_n(:,i+1) = norm(err_zoh(:,i+1)); 
    cre(:,i+1) = sqrt(gamma_zoh*(norm(x_zoh(:,i+1))^2)); 
     

end 

  

figure (3) 

plot(x_zoh(1,:)); 

hold on; 

plot(x_zoh(2,:)); 

  

figure (4) 

plot(u_zoh(1,:)); 

hold on; 

% plot(u_zoh(2,:)) 

     

figure (5) 

plot(err_n); 

hold on; 

plot(cre) 

  

% Case 2: Fixed Model-based 

Ac1 = [0.495 -0.360;0.270 -0.630]; 

Bc1 = [1 1]'; 

  

% Discrete uncertainty 

Ad1 = expm(Ac1*T_s) 

Bd1 = quadv(@(t)myFun(t,-Ac1),0,T_s)*expm(Ac1*T_s)*Bc1; 

  

Q1 = 0.001*eye(2); 

R1 = 0.5;%*ones(2,2); 

  

[xx1,ll1,gg1] = dare(Ad1,Bd1,Q1,R1); 

P = xx; 

K1 = -gg1;% + 0.001*rand(2,2); 

  

% K1 = [-1.3268 0.4618]; 

sigma1 = 0.01; 
  
Q = P - 1*(Ad1+Bd1*K)'*P*(Ad1+Bd1*K); 

delta_A = Ad - Ad1; 

delta_B = Bd - Bd1; 

temp1 = norm(Q) - 4*norm(delta_A + delta_B*K1)^2*norm(P); 

gamma_FMB = sigma1*temp1/(4*norm(Bd*K1)^2*norm(P)); 

  

x_FMB(:,1) = x_int; 

u_FMB(:,1) = K1*x_FMB(:,1); 

x_FMB_est(:,1) = x_int; 

  

for i = 1:iter-1 

    x_FMB(:,i+1) = Ad*x_FMB(:,i) + Bd*u_FMB(:,i); 

    x_FMB_est(:,i+1) = Ad1*x_FMB_est(:,i) + Bd1*u_FMB(:,i); 

     

    err_FMB(:,i+1) = x_FMB(:,i+1) - x_FMB_est(:,i+1); 

     

    if norm(err_FMB(:,i+1))^2 <= gamma_FMB*(norm(x_FMB(:,i+1))^2) 

        u_FMB(:,i+1) = K1*x_FMB_est(:,i+1); 

    else 

        u_FMB(:,i+1) = K1*x_FMB(:,i+1); 

        x_FMB_est(:,i+1) = x_FMB(:,i+1); 

        err_FMB(:,i+1) = 0; 

    end 

     

    err_FMB_n(:,i+1) = norm(err_FMB(:,i+1)); 

    cre_FMB(:,i+1) = sqrt(gamma_FMB*(norm(x_FMB(:,i+1))^2)) 

     

end 

  

figure (6) 

plot(x_FMB(1,:)); 

hold on; 

plot(x_FMB(2,:)); 

  

figure (7) 
plot(u_FMB); 
  

figure (8) 

plot(err_FMB_n); 

hold on; 

plot(cre_FMB); 

  

% Case 3: adaptive model-based 

Q2 = 0.001*eye(2); 

R2 = 0.5;%*ones(2,2); 

  

size_A = 2; 

size_B = 1; 

theta_int = rand(size_A,size_A + size_B); 

theta_int = [0.9244 0.8832 0.5844; 0.7615 0.4643 0.4697]; 

Theta(:,:,1) = theta_int; 

A_est(:,:,1) = Theta(1:size_A,1:size_A,1); 

B_est(:,1) = Theta(1:size_A,size_A+size_B,1); 

  

[xx2,ll2,gg2] = dare(A_est(:,:,1),B_est(:,1),Q1,R1); 

K2(:,:,1) = -gg2 ; 

P = xx2; 

  

sigma2 = 0.01; 

Q = P - 1*(A_est(:,:,1)+B_est(:,1)*K2(:,:,1))'*P*(A_est(:,:,1)+B_est(:,1)*K2(:,:,1)); 

gamma_AMB(1) = sigma2*norm(Q)/(4*norm(P)*norm(Bd*K2(:,:,1))^2); 

  

x_AMB(:,1) = x_int; 

u_AMB(:,1) = K2(:,:,1)*x_AMB(:,1); 

x_AMB_est(:,1) = x_int; 

alpha_e = 0.4; 

  

for i = 1:iter-1 

    x_AMB(:,i+1) = Ad*x_AMB(:,i) + Bd*u_AMB(:,1); 

    x_AMB_est(:,i+1) = A_est(:,:,i)*x_AMB_est(:,i) + B_est(:,:,i)*u_AMB(:,i); 

     
    err_AMB(:,i+1) = x_AMB(:,i+1) - x_AMB_est(:,i+1); 
     

    if norm(err_AMB(:,i+1))^2 <= gamma_AMB(i)*norm(x_AMB(:,i+1))^2 

        Theta(:,:,i+1) = Theta(:,:,i); 

        index(i+1) = 1; 

    else 

        x_AMB_new(:,i+1) = A_est(:,:,i)*x_AMB(:,i) + B_est(:,:,i)*u_AMB(:,i); 

        z_AMB(:,i) = [x_AMB(:,i);u_AMB(:,i)]; 

        err_update(:,i+1) = x_AMB(:,i+1) - x_AMB_new(:,i+1); 

        Theta(:,:,i+1) = Theta(:,:,i) + (alpha_e*z_AMB(:,i)*err_update(:,i+1)')'; 

        err_AMB(:,i+1) = 0; 

        x_AMB_est(:,i+1) = x_AMB(:,i+1); 

        index(i+1) = 0; 

    end 

     

    err_AMB_n(:,i+1) = norm(err_AMB(:,i+1)); 

    cre_AMB(:,i+1) = sqrt(gamma_AMB(i)*(norm(x_AMB(:,i+1))^2)) 

     

    A_est(:,:,i+1) = Theta(1:size_A,1:size_A,i+1); 

    B_est(:,:,i+1) = Theta(1:size_A,size_A+size_B,i+1); 

    [xx2,ll2,gg2] = dare(A_est(:,:,i+1),B_est(:,:,i+1),Q2,R2); 

    K2(:,:,i+1) = -gg2; 

    P = xx2; 

    if index(i+1) == 1 

        u_AMB(:,i+1) = K2(:,:,i+1)*x_AMB_est(:,i+1); 

    else 

        u_AMB(:,i+1) = K2(:,:,i+1)*x_AMB(:,i+1); 

    end 

  

    Q = P - 
1*(A_est(:,:,i+1)+B_est(:,i+1)*K2(:,:,i+1))'*P*(A_est(:,:,i+1)+B_est(:,i+1)*K2(:,:,i+1
)); 
    gamma_AMB(i+1) = sigma2*norm(Q)/(4*norm(P)*norm(Bd*K2(:,:,i+1))^2); 

end 

  

figure (9) 
plot(x_AMB(1,:)); 
hold on; 

plot(x_AMB(2,:)); 

  

figure (10) 

plot(u_AMB); 

  

figure (11) 

plot(err_AMB_n); 

hold on; 

plot(cre_AMB); 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
