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clear all 
%% case establishment 
guidance_law=input('Select Guidance Law: 1 for Pure Pursuit, 2 for 

Proportional Navigation, 3 for Line of Sight : '); 
target_trajectory=input('Select target trajectory: 1 for linear + 

parabolic, 2 for sinusoidal: '); 
wind_effect=input('Take into account wind effect: 1 for yes, 0 for no: 

'); 

  
%% generic data 
vt=300; %(m/s) 
vm=500; %(m/s) 
xm0=0; % 'x' initial missile position (m) 
ym0=0;%'y' initial missile position (m) 
zm0=0; %'z' initial missile position (m) 
if target_trajectory==1 
    xt0=1000; %'x' initial target position (m) 
    yt0=2000; %'y' initial target position (m) 
    zt0=10000; %'z' initial target position (m) 
elseif target_trajectory==2 
    xt0=7000; %'x' initial target position (m) 
    yt0=5000; %'y' initial target position (m) 
    zt0=10000; %'z' initial target position (m) 
end 

  
rmt0=[xt0-xm0,yt0-ym0,zt0-zm0]; %missile-target vector position (m) 
r0=norm(rmt0); %% missile-target distance module (m) 

  
if target_trajectory==1 
    vt_vector=vt*[1,0,1]/sqrt(1^2+1^2); % (m/s) 
elseif target_trajectory==2 
    m=cos(xt0/2000); 
    vt_vector=vt*[1,m,0.5]/sqrt(1^2+0.5^2+m^2); % (m/s) 
end 
if guidance_law==1 
    vm_vector=vm*rmt0/r0; % (m/s) 
elseif guidance_law==2 
    syms t 
    

time=solve(sqrt((rmt0(1)+vt_vector(1)*t)^2+(rmt0(2)+vt_vector(2)*t)^2+

(rmt0(3)+vt_vector(3)*t)^2)==vm*t); 
    time=double(time); % (s) 
    vm_vector=[xt0+vt_vector(1)*time-xm0, yt0+vt_vector(2)*time-ym0, 

zt0+vt_vector(3)*time-zm0]/time; % (m/s) 
elseif guidance_law==3 
    alfa=0; % (rad) 
end 

  

  
%% steering signal generation 
if guidance_law==1 
    evaluation_time=0.01; % (s) 
elseif guidance_law==2 || guidance_law==3 
    evaluation_time=0.1; % (s) 
end 



%% vectors determination 
if guidance_law==1 || guidance_law==2  
%vector position 
y=zeros(1,7); 
y(1,1)=xt0; % (m) 
y(1,2)=yt0; % (m) 
y(1,3)=zt0; % (m) 
y(1,4)=xm0; % (m) 
y(1,5)=ym0; % (m) 
y(1,6)=zm0; % (m) 
y(1,7)=r0; % (m) 

  
%vector velocity 
v=zeros(1,3); 
v(1,1)=vm_vector(1); %vx (m/s) 
v(1,2)=vm_vector(2); %vy (m/s) 
v(1,3)=vm_vector(3); %vz (m/s) 

  
elseif guidance_law==3 
    y=zeros(1,8); 
%state vector  
y(1,1)=xt0; %target x position (m) 
y(1,2)=yt0; %target y position (m) 
y(1,3)=zt0; %target z position (m) 
y(1,4)=vm*evaluation_time*rmt0(1)/r0; %missile x position (m) 
y(1,5)=vm*evaluation_time*rmt0(2)/r0; %missile y position (m) 
y(1,6)=vm*evaluation_time*rmt0(3)/r0; %missile z position (m) 
y(1,8)=alfa; % (rad) 
rm=norm([y(1,4) y(1,5) y(1,6)]); %missile-base line of sight (m) 

  
%vector velocity 
v=zeros(1,3); 
v(1,1)=(y(1,4)-xt0)/evaluation_time; %vx (m/s) 
v(1,2)=(y(1,5)-yt0)/evaluation_time; %vy (m/s) 
v(1,3)=(y(1,6)-xt0)/evaluation_time; %vz (m/s) 
end 

     
%vector acceleration 
acc=zeros(1,3); % (m/s^2) 

  
%vector load factor 
n=zeros(1,1); 

  
%parameters for programming 
i=1; 
p=1; 

  
%% wind drift establishment 
if wind_effect==0 
    wind_drift=[0,0,0]; % (m/s) 
elseif wind_effect==1 
    wind_drift=[0,10,0]; % (m/s)  
end   
%% guidance law     
if target_trajectory==1 
    if guidance_law==1 
        for k=1:evaluation_time:1000 
    i=i+1; 
    %% target_displacement 
    vt_vector_disp=vt_vector+wind_drift; % (m/s); 



    t_position=vt_vector_disp*evaluation_time+[xt0,yt0,zt0]; %(m) 

     
    %variables update 
    xt0=t_position(1,1); % (m) 
    yt0=t_position(1,2); % (m) 
    zt0=t_position(1,3); % (m) 
    y(i,1)= xt0; % (m) 
    y(i,2)=yt0; % (m) 
    y(i,3)=zt0; % (m) 
    %% missile displacement 
    vm_vector_disp=vm_vector+wind_drift; % (m/s); 
    m_position=vm_vector_disp*evaluation_time+[xm0,ym0,zm0]; % (m) 

     
    %variables update 
    xm0=m_position(1,1); % (m) 
    ym0=m_position(1,2); % (m) 
    zm0=m_position(1,3); % (m) 
    rmt0=[xt0-xm0,yt0-ym0,zt0-zm0];%missile-target vector position (m) 
    r0=norm(rmt0); % (m) 
    vm_vector=vm*rmt0/r0; % (m/s) 
    y(i,4)= xm0; % (m) 
    y(i,5)=ym0; % (m) 
    y(i,6)=zm0; % (m) 
    y(i,7)=r0; % (m) 

  
  %% maneouver 
    if r0<5000 % (m) 
        if p==1 
            a=1/10000; 
            b=-2*a*xt0; 
            p=0; 
            ii=i; 
        end 
    m=2*a*xt0+b; 
    vt_vector=vt*([1,m,0]/sqrt(m^2+1^2)); %(m/s) 
    end 
%% impact detection 
        if r0<1 % (m) 
            break 
        end 

  
 %% velocity and acceleration calculation 
    v(i,1)=vm_vector(1)+wind_drift(1); %(m/s) 
    v(i,2)=vm_vector(2)+wind_drift(2); %(m/s) 
    v(i,3)=vm_vector(3)+wind_drift(3); %(m/s) 
    acc(i-1,1)=(v(i,1)-v(i-1,1))/evaluation_time; %(m/s^2) 
    acc(i-1,2)=(v(i,2)-v(i-1,2))/evaluation_time; %(m/s^2) 
    acc(i-1,3)=(v(i,3)-v(i-1,3))/evaluation_time; %(m/s^2) 
    n(i-1,1)=sqrt((acc(i-1,1))^2+(acc(i-1,2)^2+(acc(i-1,3))^2))/9.81; 
end 
    elseif guidance_law==2 
        for k=1:evaluation_time:1000 
    i=i+1; 
    %% target_displacement 
    vt_vector_disp=vt_vector+wind_drift; % (m/s) 
    t_position=vt_vector_disp*evaluation_time+[xt0,yt0,zt0]; %(m) 

     
    %variables update 
    xt0=t_position(1,1); % (m) 
    yt0=t_position(1,2); % (m) 



    zt0=t_position(1,3); % (m) 
    y(i,1)= xt0; % (m) 
    y(i,2)=yt0; % (m) 
    y(i,3)=zt0; % (m) 
    %% missile displacement 
    vm_vector_disp=vm_vector+wind_drift; % (m/s) 
    m_position=vm_vector_disp*evaluation_time+[xm0,ym0,zm0]; % (m) 

     
    %variables update 
    xm0=m_position(1,1); %(m) 
    ym0=m_position(1,2); % (m) 
    zm0=m_position(1,3); % (m) 
    rmt0=[xt0-xm0,yt0-ym0,zt0-zm0];%missile-target line of sight 
    r0=norm(rmt0); % (m) 
    syms t 
    

time=solve(sqrt((rmt0(1)+vt_vector(1)*t)^2+(rmt0(2)+vt_vector(2)*t)^2+

(rmt0(3)+vt_vector(3)*t)^2)==vm*t); 
    time=double(time); % (s) 
    vm_vector=[xt0+vt_vector(1)*time-xm0, yt0+vt_vector(2)*time-ym0, 

zt0+vt_vector(3)*time-zm0]/time; % (m/s) 
    y(i,4)= xm0; % (m) 
    y(i,5)=ym0; % (m) 
    y(i,6)=zm0; % (m) 
    y(i,7)=r0; % (m) 

  
  %% maneouver 
    if r0<5000 % (m) 
        if p==1 
            a=1/10000; 
            b=-2*a*xt0; 
            p=0; 
            ii=i; 
        end 
    m=2*a*xt0+b; 
    vt_vector=vt*([1,m,0]/sqrt(m^2+1^2)); %(m/s) 
    end 

  
%% impact detection 
    if r0<20 % (m) 
        break 
    end 
          %% velocity and acceleration calculation 
    v(i,1)=vm_vector(1)++wind_drift(1); %(m/s) 
    v(i,2)=vm_vector(2)++wind_drift(2); %(m/s) 
    v(i,3)=vm_vector(3)++wind_drift(3); %(m/s) 
    acc(i-1,1)=(v(i,1)-v(i-1,1))/evaluation_time; %(m/s^2) 
    acc(i-1,2)=(v(i,2)-v(i-1,2))/evaluation_time; %(m/s^2) 
    acc(i-1,3)=(v(i,3)-v(i-1,3))/evaluation_time; %(m/s^2) 
    n(i-1,1)=sqrt((acc(i-1,1))^2+(acc(i-1,2)^2+(acc(i-1,3))^2))/9.81; 

  
        end 
    elseif guidance_law==3 
        for k=1:evaluation_time:1000 
    i=i+1; 
    %% target_displacement 
    t_position1=[xt0,yt0,zt0]; % (m) 
    vt_vector_disp=vt_vector+wind_drift; % (m/s) 
    t_position2=vt_vector_disp*evaluation_time+t_position1; % (m) 



    

alfa=acosd(dot(t_position1,t_position2)/(norm(t_position1)*norm(t_posi

tion2))); % (m) 
    %variables update 
    xt0=t_position2(1); % (m) 
    yt0=t_position2(2); % (m) 
    zt0=t_position2(3); % (m) 
    y(i,1)= xt0; % (m) 
    y(i,2)=yt0; % (m) 
    y(i,3)=zt0; % (m) 
    y(i,8)=alfa; % (rad) 
    %% missile displacement 
    syms c 
    m_c=solve((vm*evaluation_time)^2==rm^2+c^2-2*rm*c*cosd(alfa)); 
    m_c=double(m_c(2)); 
    rm=m_c; % (m) 
    

m_position2=rm*t_position2/norm(t_position2)+wind_drift*evaluation_tim

e;  % (m) 
    %variables update 
    xm0=m_position2(1);% (m) 
    ym0=m_position2(2);% (m) 
    zm0=m_position2(3);% (m) 
    rmt0=[xt0-xm0,yt0-ym0,zt0-zm0];%missile-target line of sight 
    r0=norm(rmt0);% (m) 
    y(i,4)= xm0;% (m) 
    y(i,5)=ym0;% (m) 
    y(i,6)=zm0;% (m) 
    y(i,7)=r0; % (m) 
 %% maneouver 
    if r0<5000 % (m) 
        if p==1 
            a=1/10000; 
            b=-2*a*xt0; 
            p=0; 
            ii=i; 
        end 
    m=2*a*xt0+b; 
    vt_vector=vt*([1,m,0]/sqrt(m^2+1^2)); % (m/s) 
    end 
%% impact detection 
    if r0<20 % (m) 
        break 
    end 
              %% velocity and acceleration calculation 
    v(i,1)= (y(i,4)-y(i-1,4))/evaluation_time; % (m/s) 
    v(i,2)= (y(i,5)-y(i-1,5))/evaluation_time; % (m/s) 
    v(i,3)= (y(i,6)-y(i-1,6))/evaluation_time;% (m/s) 

  
    acc(i-1,1)=(v(i,1)-v(i-1,1))/evaluation_time; % (m/s^2) 
    acc(i-1,2)=(v(i,2)-v(i-1,2))/evaluation_time; % (m/s^2) 
    acc(i-1,3)=(v(i,3)-v(i-1,3))/evaluation_time; % (m/s^2) 
    n(i-1,1)=sqrt((acc(i-1,1))^2+(acc(i-1,2)^2+(acc(i-1,3))^2))/9.81; 
        end 
    end 
    %% anomality remove in trajectory change instant 
acc(ii,1)=acc(ii+1,1); % (m/s^2) 
acc(ii,2)=acc(ii+1,2); % (m/s^2) 
acc(ii,3)=acc(ii+1,3); % (m/s^2) 
n(ii,1)=n(ii+1,1);    
%% displayed information 



nmax1= max(n(2:ii-1)); 
nmax2=max(n(ii:length(n))); 
time_impact=length(y)*evaluation_time; 
disp('maximum load factor on target linear trajectory: ') 
disp(max(nmax1)); 
disp('maximum load factor on target parabolic trajectory: ') 
disp(nmax2); 
disp('time to impact: ') 
disp(time_impact); 
save state_vector_500.txt y -ascii 
save load_factor_500.txt n -ascii 
elseif target_trajectory==2 
    if guidance_law==1 
        for k=1:evaluation_time:1000 
    i=i+1; 
    %% target_displacement 
    m=cos(xt0/2000);  
    vt_vector=vt*[1,m,0.5]/sqrt(1^2+m^2+0.5^2); % (m/s) 
    vt_vector_disp=vt_vector+wind_drift; % (m/s) 
    t_position=vt_vector_disp*evaluation_time+[xt0,yt0,zt0]; % (m) 

     
    %variables update 
    xt0=t_position(1,1); % (m) 
    yt0=t_position(1,2); % (m) 
    zt0=t_position(1,3); % (m) 
    y(i,1)= xt0; % (m) 
    y(i,2)=yt0; % (m) 
    y(i,3)=zt0; % (m) 
    %% missile displacement 
    vm_vector_disp=vm_vector+wind_drift; % (m/s) 
    m_position=vm_vector_disp*evaluation_time+[xm0,ym0,zm0]; % (m) 

     
    %variables update 
    xm0=m_position(1,1); % (m) 
    ym0=m_position(1,2); % (m) 
    zm0=m_position(1,3); % (m) 
    rmt0=[xt0-xm0,yt0-ym0,zt0-zm0];%missile-target vector position (m) 
    r0=norm(rmt0); % (m) 
    vm_vector=vm*rmt0/r0; % (m/s) 
    y(i,4)= xm0; % (m) 
    y(i,5)=ym0; % (m) 
    y(i,6)=zm0;% (m)  
    y(i,7)=r0;% (m) 

  
%% impact detection 
        if r0<1  
            break 
        end 

  
 %% velocity and acceleration calculation 
    v(i,1)=vm_vector(1)+wind_drift(1); % (m/s) 
    v(i,2)=vm_vector(2)+wind_drift(2); % (m/s) 
    v(i,3)=vm_vector(3)+wind_drift(3); % (m/s) 
    acc(i-1,1)=(v(i,1)-v(i-1,1))/evaluation_time; % (m/s^2) 
    acc(i-1,2)=(v(i,2)-v(i-1,2))/evaluation_time; % (m/s^2) 
    acc(i-1,3)=(v(i,3)-v(i-1,3))/evaluation_time; % (m/s^2) 
    n(i-1,1)=sqrt((acc(i-1,1))^2+(acc(i-1,2)^2+(acc(i-1,3))^2))/9.81; 
end 
    elseif guidance_law==2 
        for k=1:evaluation_time:1000 
    i=i+1; 



    %% target_displacement 
    m=cos(xt0/2000); 
    vt_vector=vt*[1,m,0.5]/sqrt(1^2+0.5^2+m^2); % (m/s) 
    vt_vector_disp=vt_vector+wind_drift; % (m/s) 
    t_position=vt_vector_disp*evaluation_time+[xt0,yt0,zt0]; % (m) 

     
    %variables update 
    xt0=t_position(1,1); % (m) 
    yt0=t_position(1,2); % (m) 
    zt0=t_position(1,3); % (m) 
    y(i,1)= xt0; % (m) 
    y(i,2)=yt0; % (m) 
    y(i,3)=zt0; % (m) 
    %% missile displacement 
    vm_vector_disp=vm_vector+wind_drift; % (m/s) 
    m_position=vm_vector_disp*evaluation_time+[xm0,ym0,zm0]; % (m) 

     
    %variables update 
    xm0=m_position(1,1); % (m) 
    ym0=m_position(1,2);% (m) 
    zm0=m_position(1,3);% (m) 
    rmt0=[xt0-xm0,yt0-ym0,zt0-zm0];%missile-target line of sight (m) 
    r0=norm(rmt0); % (m) 
    syms t 
    

time=solve(sqrt((rmt0(1)+vt_vector(1)*t)^2+(rmt0(2)+vt_vector(2)*t)^2+

(rmt0(3)+vt_vector(3)*t)^2)==vm*t); 
    time=double(time);% (s) 
    vm_vector=[xt0+vt_vector(1)*time-xm0, yt0+vt_vector(2)*time-ym0, 

zt0+vt_vector(3)*time-zm0]/time; % (m/s) 
    y(i,4)= xm0; % (m) 
    y(i,5)=ym0; % (m) 
    y(i,6)=zm0; % (m) 
    y(i,7)=r0; % (m) 

  
%% impact detection 
    if r0<20 % (m) 
        break 
    end 
          %% velocity and acceleration calculation 
    v(i,1)=vm_vector(1)+wind_drift(1); % (m/s) 
    v(i,2)=vm_vector(2)+wind_drift(2); % (m/s) 
    v(i,3)=vm_vector(3)+wind_drift (3); % (m/s) 
    acc(i-1,1)=(v(i,1)-v(i-1,1))/evaluation_time; % (m/s^2) 
    acc(i-1,2)=(v(i,2)-v(i-1,2))/evaluation_time; % (m/s^2) 
    acc(i-1,3)=(v(i,3)-v(i-1,3))/evaluation_time; % (m/s^2) 
    n(i-1,1)=sqrt((acc(i-1,1))^2+(acc(i-1,2)^2+(acc(i-1,3))^2))/9.81; 

  
        end 
    elseif guidance_law==3 
        for k=1:evaluation_time:100 
    i=i+1; 
    %% target_displacement 
    t_position1=[xt0,yt0,zt0]; % (m) 
    m=cos(xt0/2000); 
    vt_vector=vt*[1,m,0.5]/sqrt(1+0.5^2+m^2); % (m/s) 
    vt_vector_disp=vt_vector; % (m/s) 
    t_position2=vt_vector_disp*evaluation_time+t_position1; % (m) 
    

alfa=acosd(dot(t_position1,t_position2)/(norm(t_position1)*norm(t_posi

tion2))); % (rad) 



    %variables update 
    xt0=t_position2(1); % (m) 
    yt0=t_position2(2); % (m) 
    zt0=t_position2(3); % (m) 
    y(i,1)= xt0; % (m) 
    y(i,2)=yt0; % (m) 
    y(i,3)=zt0; % (m) 
    y(i,8)=alfa; % (rad) 
    %% missile displacement 
    syms c 
    m_c=solve((vm*evaluation_time)^2==rm^2+c^2-2*rm*c*cosd(alfa)); 
    m_c=double(m_c(2)); % (m) 
    rm=m_c; % (m) 
    

m_position2=rm*t_position2/norm(t_position2)+wind_drift*evaluation_tim

e; % (m) 
    %variables update 
    xm0=m_position2(1); % (m) 
    ym0=m_position2(2); % (m) 
    zm0=m_position2(3); % (m) 
    rmt0=[xt0-xm0,yt0-ym0,zt0-zm0];%missile-target line of sight % (m) 
    r0=norm(rmt0); % (m) 
    y(i,4)= xm0;% (m) 
    y(i,5)=ym0; % (m) 
    y(i,6)=zm0;% (m) 
    y(i,7)=r0;% (m) 
%% impact detection 
    if r0<20 % (m) 
        break 
    end 
              %% velocity and acceleration calculation 
    v(i,1)= (y(i,4)-y(i-1,4))/evaluation_time; % (m/s) 
    v(i,2)= (y(i,5)-y(i-1,5))/evaluation_time; % (m/s) 
    v(i,3)= (y(i,6)-y(i-1,6))/evaluation_time; % (m/s) 

  
    acc(i-1,1)=(v(i,1)-v(i-1,1))/evaluation_time; % (m/s^2) 
    acc(i-1,2)=(v(i,2)-v(i-1,2))/evaluation_time; % (m/s^2) 
    acc(i-1,3)=(v(i,3)-v(i-1,3))/evaluation_time;% (m/s^2) 
    n(i-1,1)=sqrt((acc(i-1,1))^2+(acc(i-1,2)^2+(acc(i-1,3))^2))/9.81; 
        end 
%% displayed information 
    end 
nmax=max(n(2:end)); 
time_impact=length(y)*evaluation_time; 
disp('maximum load factor: ') 
disp(nmax); 
disp('time to impact: ') 
disp(time_impact); 
save state_vector_500.txt y -ascii 
save load_factor_500.txt n -ascii 
end 

     
%% plot results 
%% velocity plot 
figure 
subplot(1,3,1); 
plot(v(2:length(v),1)); 
title ('vx'); 
if guidance_law==1 
    xlabel('time (E-2 s)'); 
else 



  xlabel('time (E-1 s)');   
end 
ylabel('m/s'); 
grid on 
subplot(1,3,2); 
plot(v(2:length(v),2)); 
title ('vy'); 
if guidance_law==1 
    xlabel('time (E-2 s)'); 
else 
  xlabel('time (E-1 s)');   
end 
ylabel('m/s'); 
grid on 
subplot(1,3,3); 
plot(v(2:length(v),3)); 
title ('vz'); 
if guidance_law==1 
    xlabel('time (E-2 s)'); 
else 
  xlabel('time (E-1 s)');   
end 
ylabel('m/s'); 
grid on 

  
%acceleration plot 
figure 
subplot(1,3,1); 
plot(acc(2:length(acc),1)); 
title ('ax'); 
if guidance_law==1 
    xlabel('time (E-2 s)'); 
else 
  xlabel('time (E-1 s)');   
end 
ylabel('m/s^2'); 
grid on 
subplot(1,3,2); 
plot(acc(2:length(acc),2)); 
title ('ay'); 
if guidance_law==1 
    xlabel('time (E-2 s)'); 
else 
  xlabel('time (E-1 s)');   
end 
ylabel('m/s^2'); 
grid on 
subplot(1,3,3); 
plot(acc(2:length(acc),3)); 
title ('az'); 
if guidance_law==1 
    xlabel('time (E-2 s)'); 
else 
  xlabel('time (E-1 s)');   
end 
ylabel('m/s^2'); 
grid on 

  
%load factor plot 
figure 
plot(n(2:length(n))); 



title ('load factor'); 
if guidance_law==1 
    xlabel('time (E-2 s)'); 
else 
  xlabel('time (E-1 s)');   
end 
grid on 

  
%trajectory plot 
figure 
plot3(y(1:i,1),y(1:i,2),y(1:i,3),'r'); 
hold on 
plot3(y(1:i,4),y(1:i,5),y(1:i,6),'b'); 
hold on 
plot3(xt0,yt0,zt0,'x', 'LineWidth',3); 
hold on 
plot3(y(1,1),y(1,2),y(1,3),'r*') 
hold on 
plot3(0,0,0,'b*') 
grid on 
xlabel('x axis [m]'); 
ylabel('y axis [m]'); 
zlabel('z axis [m]'); 
legend('target trajectory','missile trajectory','impact', 'initial 

target position','initial missile position'); 
title ('line of sight guidance law'); 
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