% 2. Known all the system dynamics---Considering the effects of different
% Used for control input uk
% Direct discretized the system without delay and packet 
% Direct discretized the system without delay and packet 
    Bz1(:,:,i) = quadv(@(t)myFun(t,-Ac),0,tuo1(i))*expm(Ac*Tp)*Bc;
    Bz0(:,:,i) = quadv(@(t)myFun(t,-Ac),tuo1(i),Tp)*expm(Ac*Tp)*Bc;
% The length of h vector
Chapter 10 
clear all; 
close all; 
clc; 
  
% 1. Batch Reactor Continuous time dynamics 
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]'; 
  
% final P_n 
Tp = 0.05;    % The samlping interval 
iter = 500; 
  
% Generate some packet losses 
gamma = binornd(1,0.98,1,iter); 
gamma2 = binornd(1,0.8,1,iter); 
  
% Define the delays 
b1 = rand(1,iter); 
% for i = 1:iter 
%     b1(i) = 0.1+0.8/(10*iter)*i; 
% end 
tuo1 = Tp*b1;              % Used for control input uk-1 
tuo0 = Tp*ones(1,iter) - tuo1;         
  
% without delay discretized the system 
Ad = expm(Ac*Tp);  
losses 
Bd = quadv(@(t)myFun(t,-Ac),0,Tp)*expm(Ac*Tp)*Bc; 
  
% Discretized the NCS system 
Az = expm(Ac*Tp);  
losses 
for i = 1:iter 

end 
  
% Generate a stable control input 
size_x = 4; 
size_u = 2; 
  
size_aug = 8; 
length = size_aug*(size_aug + 1)/2; 
  
alphah = 0.1; 
const = 5; 
  
Q = eye(size_x); 
R = eye(size_u); 
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Qz = eye(size_x+size_u); 
  
dis = 0.2; 
[pp,ll,kk] = dare(Ad,Bd,Q,R); 
kk1 = kk + dis*rand(2,4); 
H_d(:,:,1) = zeros(size_aug,size_aug); 
h_d(:,1) = h_vector(H_d(:,:,1)); 
  
% Generate the trajectory for system with known system dynamics 
x_int = [10 5 2 -3]'; 
x_d(:,1) = x_int; 
u_d(:,1) = -kk*x_d(:,1); 
z_d(:,1) = [x_d(:,1); zeros(size_u,1)]; 
w_d(:,1) = [z_d(:,1);u_d(:,1)]; 
W_d(:,1) = activation_vector(w_d(:,1)',size_aug); 
r_d(1) = x_d(:,1)'*Q*x_d(:,1) + u_d(:,1)'*R*u_d(:,1); 
% x_d(:,2) = Az*x_d(:,1) + Bz0(:,:,1)*u_d(:,1); 
x_d(:,2) = Ad*x_d(:,1) + Bd*u_d(:,1); 
u_d(:,2) = -kk1*x_d(:,2); 
% z_d(:,2) = [x_d(:,2);u_d(:,1)]; 
% w_d(:,2) = [z_d(:,2);u_d(:,2)]; 
% W_d(:,2) = activation_vector(w_d(:,2)',size_aug); 
% delta_w(:,1) = W_d(:,2) - W_d(:,1); 
% err_d(1) = r_d(1) + h_d(:,1)'*delta_w(:,1); 
% h_d(:,2) = h_d(:,1) + 
alphah*delta_w(:,1)*err_d(1)/(delta_w(:,1)'*delta_w(:,1) + 1); 
% H_d(:,:,2) = H_matrix(h_d(:,2)',size_aug); 
% k_d(:,:,2) = pinv(H_d(7:8,7:8,2))*H_d(7:8,1:6,2); 
% r_d(2) = x_d(:,2)'*Q*x_d(:,2) + u_d(:,2)'*R*u_d(:,2) + u_d(:,1)'*R*u_d(:,1); 
  
for i = 2:iter-1 
    x_d(:,i+1) = Ad*x_d(:,i) + Bd*u_d(:,i); 
    [pp,ll,k_d(:,:,i)] = dare([Az 
Bz0(:,:,i);zeros(size_u,size_x+size_u)],[Bz1(:,:,i);eye(size_u)],Qz,R); 
    u_d(:,i+1) = -kk1*x_d(:,i+1); 
%     u_d(:,i+1) = -
(k_d(:,:,i)+alphah*const*rand(size_u,size_x+size_u))*[x_d(:,i+1);u_d(:,i)]; 
%     z_d(:,i+1) = [x_d(:,i+1);u_d(:,i)]; 
%     w_d(:,i+1) = [z_d(:,i+1);u_d(:,i+1)]; 
%     W_d(:,i+1) = activation_vector(w_d(:,i+1)',size_aug); 
%     delta_w(:,i) = W_d(:,i+1) - W_d(:,i); 
%     err_d(i) = r_d(i) + h_d(:,i)'*delta_w(:,i); 
%     h_d(:,i+1) = h_d(:,i) + 
alphah*delta_w(:,i)*err_d(i)/(delta_w(:,i)'*delta_w(:,i) + 1); 
%     H_d(:,:,i+1) = H_matrix(h_d(:,i+1)',size_aug); 
%     k_d(:,:,i+1) = pinv(H_d(7:8,7:8,i+1))*H_d(7:8,1:6,i+1); 
%     r_d(i+1) = x_d(:,i+1)'*Q*x_d(:,i+1) + u_d(:,i+1)'*R*u_d(:,i+1) + 
u_d(:,i)'*R*u_d(:,i); 
end 
  
x_d2(:,1) = x_int; 
u_d2(:,1) = -kk1*x_d2(:,1); 
x_d2(:,2) = Az*x_d2(:,1) + Bz0(:,:,1)*gamma2(1)*u_d2(:,1); 
u_d2(:,2) = -kk1*gamma(2)*x_d2(:,2); 
  
for i = 2:iter-1 
    x_d2(:,i+1) = Az*x_d2(:,i) + Bz1(:,:,i)*gamma2(i-1)*u_d2(:,i-1) + 
Bz0(:,:,i)*gamma2(i)*u_d2(:,i); 
    u_d2(:,i+1) = -kk1*gamma(i+1)*x_d2(:,i+1); 
end 
  
figure (1) 
subplot(411) 
plot(1:1:iter,x_d(1,:)); 
subplot(412) 
plot(1:1:iter,x_d(2,:)); 
subplot(413) 
plot(1:1:iter,x_d(3,:)); 
subplot(414) 
plot(1:1:iter,x_d(4,:)); 
  
% Adaptive observer design 
alpha0 = 0.8; 
alphas = 0.001; 
W_ao = []; 
W_ao_int = [-alphas*eye(size_x) zeros(size_x,size_x+2*size_u)]; 
W_ao(:,:,1) = [W_ao_int]; 
x_e(:,1) = x_int; 
u_e(:,1) = -kk*x_e(:,1); 
x_d1(:,2) = Az*x_d(:,1) + Bz0(:,:,1)*u_d(:,1); 
  
err_x1(:,1) = zeros(size_x,1); 
err_x2(:,1) = zeros(size_x,1); 
  
x_e(:,2) = 
W_ao(:,:,1)*[err_x2(:,1);x_e(:,1)+err_x2(:,1);zeros(size_u,1);u_e(:,1)]; 
  
err_x1(:,2) = x_d1(:,2) - x_e(:,2); %k+1|k 
  
z_c(:,1) = [err_x2(:,1);x_d1(:,1);zeros(size_u,1);u_e(:,1)];  
  
W_ao(:,:,2) = W_ao(:,:,1) + (alpha0*z_c(:,1)*(err_x1(:,2)-
alphas*eye(size_x)*err_x2(:,1))'/(z_c(:,1)'*z_c(:,1)+1))'; 
W_ao(:,1:size_x,2) = W_ao(:,size_x+1:2*size_x,2) -alphas*eye(size_x); 
x_e(:,2) = 
W_ao(:,:,2)*[err_x2(:,1);x_e(:,1)+err_x2(:,1);zeros(size_u,1);u_e(:,1)] 
err_x2(:,2) = x_d1(:,2) - x_e(:,2);  %k+1|k+1 
  
u_e(:,2) = -kk*x_e(:,2); 
  
for i = 2:iter-1 
    x_d1(:,i+1) = Az*x_d1(:,i) + Bz1(:,:,i)*gamma2(i-1)*u_e(:,i-1) + 
Bz0(:,:,i)*gamma2(i)*u_e(:,i); 
    x_e(:,i+1) = W_ao(:,:,i)*[err_x2(:,i);x_e(:,i)+err_x2(:,i);gamma2(i-
1)*u_e(:,i-1);gamma2(i)*u_e(:,i)]; 
    err_x1(:,i+1) = x_d1(:,i+1) - x_e(:,i+1); 
    z_c(:,i) = [err_x2(:,i);x_d1(:,i);u_e(:,i-1);u_e(:,i)]; 
    if gamma(i+1) == 1 
        W_ao(:,:,i+1) = W_ao(:,:,i) + (alpha0*z_c(:,i)*(err_x1(:,i+1)-
alphas*eye(size_x)*err_x2(:,i))'/(z_c(:,i)'*z_c(:,i)+1))'; 
        W_ao(:,1:size_x,i+1) = W_ao(:,size_x+1:2*size_x,i+1) -
alphas*eye(size_x); 
    else 
        W_ao(:,1:size_x,i+1)=W_ao(:,1:size_x,i); 
    end 
    x_e(:,i+1) = W_ao(:,:,i+1)*[err_x2(:,i);x_e(:,i)+err_x2(:,i);gamma2(i-
1)*u_e(:,i-1);gamma2(i)*u_e(:,i)]; 
    err_x2(:,i+1) = x_d1(:,i+1) - x_e(:,i+1); 
    u_e(:,i+1) = -
(k_d(:,:,i)+alphah*const*rand(size_u,size_x+size_u))*[x_e(:,i+1);u_e(:,i)]; 
end 
  
figure (2) 
subplot(411) 
plot(1:1:iter,x_d1(1,:)); 
subplot(412) 
plot(1:1:iter,x_d1(2,:)); 
subplot(413) 
plot(1:1:iter,x_d1(3,:)); 
subplot(414) 
plot(1:1:iter,x_d1(4,:)); 
  
figure (3) 
subplot(411) 
plot(1:1:iter,x_e(1,:)); 
subplot(412) 
plot(1:1:iter,x_e(2,:)); 
subplot(413) 
plot(1:1:iter,x_e(3,:)); 
subplot(414) 
plot(1:1:iter,x_e(4,:)); 
  
figure (4) 
subplot(411) 
plot(1:1:iter,x_d1(1,:),'b-'); 
hold on 
plot(1:1:iter,x_e(1,:),'r-'); 
subplot(412) 
plot(1:1:iter,x_d1(2,:),'b-'); 
hold on 
plot(1:1:iter,x_e(2,:),'r-'); 
subplot(413) 
plot(1:1:iter,x_d1(3,:),'b-'); 
hold on 
plot(1:1:iter,x_e(3,:),'r-'); 
subplot(414) 
plot(1:1:iter,x_d1(4,:),'b-'); 
hold on 
plot(1:1:iter,x_e(4,:),'r-'); 
  
figure (5) 
subplot(411) 
plot(1:1:iter,err_x2(1,:)); 
subplot(412) 
plot(1:1:iter,err_x2(2,:)); 
subplot(413) 
plot(1:1:iter,err_x2(3,:)); 
subplot(414) 
plot(1:1:iter,err_x2(4,:)); 
  
  
figure (6) 
subplot(411) 
plot(1:1:iter,x_d2(1,:)); 
subplot(412) 
plot(1:1:iter,x_d2(2,:)); 
subplot(413) 
plot(1:1:iter,x_d2(3,:)); 
subplot(414) 
plot(1:1:iter,x_d2(4,:)); 
  
figure (7) 
plot(1:1:iter,x_d(1,:)); 
hold on; 
plot(1:1:iter,x_d(2,:)); 
plot(1:1:iter,x_d(3,:)); 
plot(1:1:iter,x_d(4,:)); 
  
figure (8) 
plot(1:1:iter,x_d2(1,:)); 
hold on; 
plot(1:1:iter,x_d2(2,:)); 
plot(1:1:iter,x_d2(3,:)); 
plot(1:1:iter,x_d2(4,:)); 
  
figure (9) 
plot(1:1:iter,x_d1(1,:)); 
hold on; 
plot(1:1:iter,x_d1(2,:)); 
plot(1:1:iter,x_d1(3,:)); 
plot(1:1:iter,x_d1(4,:)); 
  
figure (10) 
plot(1:1:iter,u_e(1,:)) 
hold on; 
plot(1:1:iter,u_e(2,:)) 
 
 
 

 
 
 
 
 
 
 
