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Research Title . Trajectory Prediction Modeling of Car Traveling Through Straight and
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ABSTRACT

Due to rise in fatalities and serious injures because of car accidents many people have
paid attention to doing research on Intelligent Transport System (ITS). These researches
especially deal with lane detection system using combination of machine vision with the fusion of
sensors for obtaining data of road lane boundary detection and vehicle movement in every state to
improve data from noisy environment. And hence these data can be used for future work whether
for lane departure warning system or automatic car system. This paper proposes to develop a
precised lane boundary estimation model which can predict the lateral distance while a vehicle is
moving along the road lane boundary, whether curve or straight lane boundary, with that of a
different vehicle’s movement including straight and circular lanes. This model is different from
previous models which were only able to estimate if the lane is straight and flat only. The model
is developed under assumption of noisy data due to environment and the Extended Kalman Filter

(EKF) is applied to improve the accuracy of the data.

Keywords: Trajectory Model, Kalman Filter, Intelligent Transport System, Driver Awareness,

Lane Detection System
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function [X,mu,Sigma,rmse_obs,rmse_est] = test_model NaN()

X =gen_sim_data();

Z = get_obs(X);

[mu{l}, Sigma{l}, Sigma_x] = initial_distribution(Z);

for T = 2:size(Z,2)
thisz = Z{T};
if isnan(thisz(1)) | isnan(thisz(2)) | isnan(thisz(3)) | isnan(thisz(4))
%prediction state for NaN values
muprev = mu{T-1};
[pred_x,Jf] = sysf(muprev);
[pred_z,H,Sigma_z]| = sysh(pred_x);
pred_sig = Jf*Sigma{T-1}*Jf' + Sigma_x;
%residual = Z{T}-pred_z;
%e(T) = norm(residual);
%K = pred_sig“H'*inv(H*pred_sig*H'+Sigma_z);
%Sigma{T} = (eye(size(K,1)) - K*H)*pred_sig;
Sigma{T} = pred_sig;
munew = pred_x;
mu{T} = munew;
else
muprev = mu{T-1};
[pred_x,Jf] = sysf(muprev);
[pred_z,H,Sigma_z]| = sysh(pred_x);

pred_sig = Jf*Sigma{T-1}*Jf' + Sigma_x;



residual = Z{T}-pred_z;
e(T) = norm(residual);
K = pred_sig*H'*inv(H*pred_sig*H'+Sigma_z);
Sigma{T} = (eye(size(K,1)) - K¥H)*pred_sig;
munew = pred_x + K*residual;
mu{T} = munew;

end

end;

%Root mean square error calculation
rmse_obs = cal_rms(X,Z);

rmse_est = cal_rms(X,mu);

figure(2);
plot_sim_data( X, Z, mu);

%plot_sim_data(X);

creatdatfile(X,mu,Z);

%  creatdatfilel(rmse_obs,rmse_est);



function creatdatfile(X,mu,Z)
myfile = 'simdatas NaN25.dat';

fid = fopen(myfile,'w");

% fori=1:size(X,2)

% x = X{i};

% z =7{i};

% m = mu{i};

%

% fprintf(fid, '%d %d %d %d %d %d %d %d %d %d %d %d %d \n', i,
x(1),x(2),x(3),x(4),2(1),2(2),2(3),2(4), m(1),m(2),m(3),m(4));

% end
%range of data
% 180-240 => straight lane boundary

% 270-300 => curve lane boundary

for i =180:240

x = X{i};
z = Z1{i};
m = mu{i};

fprintf(fid, '%d %d %d %d %d %d %d %d %d %d %d %d %d \n', i,
x(1),x(2),x(3),x(4),z(1),z(2),z(3),2(4),m(1),m(2),m(3),m(4));
end

fclose(fid);



function creatdatfilel(rmse_obs,rmse_est)
myfile = 'simdata_rmse.dat';

fid = fopen(myfile,'a’);

X = rmse_obs;

fprintf(fid, '%d %d %d %d \n', x(1),x(2),x(3),x(4));

X =rmse_est;

fprintf(fid, '%d %d %d %d \n', x(1),x(2),x(3),x(4));

fclose(fid);

function [Z,H,Sigma_z] = sysh(X)
H = [ eye(6), zeros(6,2) |;
Z=H*X;

Sigma_z = diag( [ 0.1 0.1 10/180*pi 10/180*pi 0.01 0.01].72 );

function [xnew,J] = sysf(xold)
dl = xold(1);
dr = xold(2);
thetal = xold(3);
thetar = xold(4);
kappal = xold(5);

kappar = xold(6);



v =xold(7);

av = xold(8);

delta_t=1/30;

xnew = predict_X(dLdr,thetal,thetar,kappal,kappar,v,av,delta_t);

% Jacobian

J = Jacob(xold)

function J = Jacob(xold)
X =xold;
for i=1:size(X,1)
for j=1:size(X,1)
old = beforeadding_h(X,i);
newX = adding_h(X.j);
new = afteradding_h(newX,i);
J(i,j) = finite(old,new);
end

end

function new = afteradding_h(X,i)
dl = X(1);
dr = X(2);
thetal = X(3);
thetar = X(4);
kappal = X(5);

kappar = X(6);



v =X(7);

av = X(8);

deltat = 1/30;
sl = pre_arc_length(dl,thetal,kappal,v,av,deltat);

sr = pre_arc_length(dr,thetar,kappar,v,av,deltat);

if(i==1)

new = cal_dl(dl,thetal,kappal,v,av,deltat);
elseif(i==2)

new = cal_dr(dr,thetar,kappar,v,av,deltat);
elseif(i==3)

new = thetal+(kappal*sl)+(av*deltat);
elseif(i==4)

new = thetar-(kappar*sr)-(av*deltat);
elseif(i==5)

new = kappal;
elseif(i==6)

new = kappar;

elseif(i==7)

new =v;
else
new = av;

end



function new = cal_dl(dl,theta_l,kappa_l,v,av,delta_t)
sl= pre_arc_length(dl,theta_lkappa_l,v,av,delta_t);

new = pre_leteral distance(sl,dl,theta_l,kappa_lLyv,av,delta_t);

function new = cal_dr(dr,theta_r,kappa_r,v,av,delta_t)
sr = pre_arc_length(dr,theta_r,kappa_r,v,av,delta_t);

new = pre_leteral_distance(sr,dr,theta_r,kappa_r,v,av,delta_t);

function f = finite(old,new)
h =1.0e-5;

f = (new-old)/h;

function X = adding_h(X,j)
h = 1.0e-5;
if(j==1)
X(1)= X(1)+h;
elseif(j==2)
X(2)= X(2)+h;
elseif(j==3)
X(3)= X(@3)+h;
elseif(j==4)
X(4)= X(4)+h;
elseif(j==5)
X(5)= X(5)+h;
elseif(j==6)
X(6)= X(6)+h;

elseif(j==7)



X(7)= X(7)+h;
else
X(8)= X(8)+h;

end

function old = beforeadding_h(X,i)
dl =X(1);
dr = X(2);
thetal = X(3);
thetar = X(4);
kappal = X(5);
kappar = X(6);
v =X(7);

av = X(8);

deltat = 1/30;
sl = pre_arc_length(dlthetal,kappal,v,av,deltat);

sr = pre_arc_length(dr,thetar,kappar,v,av,deltat);

if(i==1)

old = cal_dI(dlL thetal,kappal,v,av,deltat);
elseif(i==2)

old = cal_dr(dr,thetar,kappar,v,av,deltat);
elseif(i==3)

old = thetal+(kappal*sl)+(av*deltat);
elseif(i==4)

old = thetar-(kappar¥*sr)-(av*deltat);



elseif(i==5)

old = kappal;
elseif(i==6)

old = kappar;

elseif(i==7)

old =v;
else

old = av;
end

function newX = predict X(dl,dr,theta_Ltheta r,kappa_Lkappa r,v,av,delta_t)

sl= pre_arc_length(dl,theta Lkappa_lLyv,av.delta t);

sr = pre_arc_length(dr,theta_r,kappa_r,v,av,delta_t);

new_dl = pre_leteral_distance(sl,dL,theta Lkappa Lv,av,delta_t);

new_dr = pre_leteral distance(sr,dr,theta_r,kappa_r,v,av,delta_t);

[new_theta lonew theta r] =

pre_tangent_angle(theta litheta r.kappa lLkappa r,av,delta_t,sl,sr);

newX = [new_dl new_dr new_theta |1 new_theta_r kappa 1 kappa_r v av]';

function s = pre_arc_length(ld,theta,kappa,v,av,delta_t)
if(kappa <= abs(0.001) && av <= abs(0.001))
lamda = sqrt((ld"*2+(v*delta_t)"2)-2*1d*(v*delta_t)*cos(theta)));

theta 1 = acos((Id*2+lamda”2-(v*delta_t)*2)/(2*1d*lamda));



s = lamda*sin(theta_1);
%disp('Straight lane boundary with straight movement');
elseif(kappa <= abs(0.001) && av > abs(0.001))
lamda = sqrt((1d*2+ (2*v/av*sin(av*delta_t/2))"2)-
2*1d*(2*v/av*sin(av*delta_t/2))*cos(theta)));
theta_1 = acos((1d"2+lamda”2-(2*v/av*sin(av*delta_t/2))"2)/((2*1d)*1amda));
s = lamda*sin(theta_1);
%disp('Straight lane boundary with circular movement');
elseif(kappa > abs(0.001) & & av <= abs(0.001))
lamda = sqrt((((1/kappa)+ld)*2 + (v*delta_t)*2) -
(2*((1/kappa)+ld)*(v*delta_t)*cos(theta)));
theta 1 = acos((((1/kappa)+ld)*2 + lamda*2 - (v*delta_t)*2)/(2*((1/kappa)+ld)*lamda));
s = theta_1/kappa;
else
lamda = sqrt((((1/kappa)+ld)*2 + (2*v/av*sin(av*delta_t/2))"2) -
(2*((1/kappa)+ld)*(2*v/av*sin(av*delta_t/2)*cos(theta))));
theta 1 = acos((((1/kappa)+ld)*2 + lamda*2 -
(2*v/av*sin(av*delta_t/2))"2)/(2*((1/kappa)+ld)*lamda));
s = theta_1/kappa;

end

function Id = pre_leteral_distance(s,ld,theta,kappa,v,av,delta_t)
if(kappa <= abs(0.001) && av <= abs(0.001))
thetal = pi/2;
theta2 = abs((theta) - (pi/2));

theta3 = pi-theta2;



theta4 = pi - thetal - theta3;

thetaS = theta3 + theta4;

betal =s;

beta2 = sqrt((betal”2 + 1d"2 -(2*betal *1d*cos(theta5))));

theta6 = acos(((betal*2+beta2/2)-1d*2)/(2*betal *beta));
theta7 = pi-thetaS-theta6;
theta8 = (theta)-theta7;

1d = sqrt((beta2~2 + (v*delta_t)"2) - (2*beta2*(v*delta_t)*cos(theta8)));

elseif(kappa <= abs(0.001) && av > abs(0.001))
thetal = pi/2;
theta2 = abs((theta) - (pi/2));
theta3 = pi-theta2;
theta4 = pi - thetal - theta3;

thetaS = theta3 + theta4;

betal =s;

beta2 = sqrt((betal”~2 + 1d*2 -(2*betal *Id*cos(theta5))));

theta6 = acos(((betal*2+beta2”2)-1d*2)/(2*betal *beta2));
theta7 = pi-thetaS-theta6;

theta8 = (theta)-theta7;

1d = sqrt(beta2”2 + (2*v/av*sin(av*delta_t/2))"2 -

(2*beta2*((2*v/av*sin(av*delta_t/2))))*cos(theta8));



elseif(kappa > abs(0.001) && av <= abs(0.001))
thetal = (pi-(kappa*s))/2;
theta2 = abs((theta) - (pi/2));
theta3 = pi-theta2;
thetad = pi - thetal - theta3;

thetaS = theta3 + theta4;

betal = 2*(1/kappa)*sin((kappa*s)/2);

beta2 = sqrt((betal”~2 + 1d*2 -(2*betal *Id*cos(theta5))));

theta6 = acos(((betal*2+beta2”2)-1d"2)/(2*betal *beta2));
theta7 = pi-thetaS-theta6;
theta8 = (theta)-theta7;

1d = sqrt(beta2”2 + (v¥*delta_t)"2 - (2*beta2*(v*delta_t)*cos(theta8)));

else
thetal = (pi-(kappa*s))/2;
theta2 = abs((theta) - (pi/2));
theta3 = pi-theta2;
thetad = pi - thetal - theta3;

thetaS = theta3 + theta4;

betal = 2*(1/kappa)*sin((kappa*s)/2);

beta2 = sqrt((betal~2 + 1d*2 -(2*betal *Id*cos(theta5))));

theta6 = acos(((betal*2+beta2”2)-1d"2)/(2*betal *beta2));

theta7 = pi-thetaS-theta6;



theta8 = (theta)-theta7;
1d = sqrt(beta2”2 + (2*v/av*sin(av*delta_t/2))"2 -

(2*beta2*(2*v/av*sin(av*delta_t/2))*cos(theta8)));

end

function [new_theta_l new_theta_r| =
pre_tangent angle(theta litheta r,kappa lLkappa r,av,delta_t,sl,sr)
new_theta | = theta l+(kappa_l*sl)+(av*delta_t);

new_theta r = theta_r-(kappa_r¥*sr)-(av*delta_t);

function [mu, Sigma, Sigma_x] = initial_distribution(Z)
thisz = Z{1};
if isnan(thisz(1)) | isnan(thisz(2)) | isnan(thisz(3)) | isnan(thisz(4))
mu = [1.75 1.75 pi/2 pi/2 0 0 11.11 0.000]';
else
mu = [ thisz(1) thisz(2) thisz(3) thisz(4) thisz(5) thisz(6) 5 0]';

end

Sigma = diag( [0.1 0.1 10/180*pi 10/180*pi 0.01 0.01 0.01 0.01].72 );
deltat = 1/30;

Sigma_x = diag( (deltat * [0.2 0.2 10/180*pi 10/180*pi 0.05 0.05 0.5 0.5]).72);

function X = gen_sim_data()
%X{1} = [1.75 1.75 pi/2 pi/2 0 0 11.11 0.000]";

X{1} =[1.75 1.75 90.75*pi/180 89.25*pi/180 0 0 16.66 0]';



t=1;

for i=1:600
t=t+1;
prevX = X{t-1};
dl = prevX(1);
dr = prevX(2);
thetal = prevX(3);
thetar = prevX(4);
kappal = prevX(5);
kappar = prevX(6);
v = prevX(7);

av = prevX(8);

deltat = 1/30;

if(i <= 60)

kappal = 0;

kappar = 0;

av=_0;

compass = 0; % compass = 1 => turn right , 2 => turn left

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 60 && i <=100)

kappal = 0.00;

kappar = 0.00;

av=0.010;

compass = 2;



newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 100 && i <=210)

kappal = 0.00;

kappar = 0.00;

av =0.0;

compass = 0;

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 210 & & i <=240)

kappal = 0.00;

kappar = 0.00;

av =0.022;

compass = 2;

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 240 & & i <=270)

kappal = 0.00;

kappar = 0.00;

av = 0.0;

compass = 0;

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 270 & & i <= 285)

kappal = 0.005;

kappar = 0.005;

av=0.0;

compass = 1;

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 285 && i <= 300)

kappal = 0.005;



kappar = 0.005;

av = 0.044;

compass = 1;

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 300 && i <= 315)

kappal = 0.005;

kappar = 0.005;

av=0.011;

compass = 1;

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 315 && i <=360)

kappal = 0.005;

kappar = 0.005;

av=0.011;

compass = 2;

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 360 && i <= 450)

kappal = 0.005;

kappar = 0.005;

av =0.022;

compass = 2;

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 360 && i <= 450)

kappal = 0.005;

kappar = 0.005;

av=0.044;

compass = 1;



%
%
%
%
%
%
%

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 450 && i <= 480)

kappal = 0.01;

kappar = 0.01;

av =0.088;

compass = 1;

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 480 & & i <=500)

kappal = 0.01;

kappar = 0.01;

av = 0.088;

compass = 2;

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 500 && i <= 600)

kappal = 0.0;

kappar = 0.0;

av=_0;

compass = 0;

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);

end
X{t} = newX;
end
if(i <= 30)

kappal = 0;

kappar = 0;



%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%

av=_0;

compass = 0; % compass =1 => turn right , 2 => turn left

newX = sim_model(dl,dr,thetal,thetar,kappal, kappar,v,av,deltat,compass);
elseif(i > 30 & i <= 45)

thetal = 1.553;

thetar = 1.588;

kappal = 0;
kappar = 0;
av=0;

compass = 0; % compass = 1 => turn right , 2 => turn left

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 45 & i <= 60)

thetal = pi/2;

thetar = pi/2;

kappal = 0;
kappar = 0;
av=0;

compass = 0; % compass = 1 => turn right , 2 => turn left

newX = sim_model(dLdr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 60 & i <=90)

thetal = 1.588;

thetar = 1.553;

kappal = 0;
kappar = 0;
av=0;

compass = 0; % compass = 1 => turn right , 2 => turn left

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);



%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%

elseif(i > 90 & i <= 120)

av =0.003;

compass = 1; % compass = 1 => turn right , 2 => turn left

newX = sim_model(dLdr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 120 & i <= 150)

av =0.006;

compass = 1; % compass = 1 => turn right , 2 => turn left

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 150 & i <= 180)

av=10.01;

compass = 2; % compass = 1 => turn right , 2 => turn left

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 180 & i <=210)

av = 0.05;

compass = 2; % compass = 1 => turn right , 2 => turn left

newX = sim_model(dLdr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 210 & i <= 240)

av=10.07;

compass = 2; % compass = 1 => turn right , 2 => turn left

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 240 & i <=270)

av=0.1;

compass = 1; % compass = 1 => turn right , 2 => turn left

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 270 & i <=300)

av=0.1;

compass = 1; % compass = 1 => turn right , 2 => turn left



%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%

newX = sim_model(dLdr,thetal,thetar,kappal, kappar,v,av,deltat,compass);
elseif(i > 300 & i <=330)

av=0.1;

compass = 2; % compass = 1 => turn right , 2 => turn left

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 330 & i <=360)

av=0.1;

compass = 2; % compass = 1 => turn right , 2 => turn left

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 360 & i <=390)

av = 0.15;

compass = 1; % compass = 1 => turn right , 2 => turn left

newX = sim_model(dLdr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 390 & i <= 410)

av = 0.15;

compass = 1; % compass = 1 => turn right , 2 => turn left

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 410 & i <= 420)

av =0.15;

compass = 2; % compass = 1 => turn right , 2 => turn left

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 420 & i <= 450)

av=10.15;

compass = 2; % compass = 1 => turn right , 2 => turn left

newX = sim_model(dl,dr,thetal,thetar,kappal,kappar,v,av,deltat,compass);
elseif(i > 450 & i <= 540)

av=_0;



% compass = 0; % compass = 1 => turn right , 2 => turn left

% newX = sim_model(dl,dr,thetal,thetar,kappal, kappar,v,av,deltat,compass);

% end
X{t} = newX;

end;

function newX = sim_model(dLdr,theta_l,theta_r,kappa_ l.kappa_r,v,av,delta_t,compass)

sl = cal_arc_length(dl,theta_lLkappa Lyv,av,delta_t);

sr = cal_arc_length(dr,theta_r,kappa_r,v,av,delta_t);

new_dl = cal_leteral_distance(sl,dl,theta_Lkappa l,v,av,delta_t);

new_dr = cal_leteral_distance(sr,dr,theta_r,kappa_r,v,av,delta_t);

[new_theta l,new theta r| =

cal _tangent angle(theta l,theta r,kappa Lkappa_r,av,delta_t,sl,sr,compass);
newX = [new_dl new_dr new_theta |1 new_theta r kappa 1 kappa_r v av]';

function s = cal_arc_length(ld,theta,kappa,v,av,delta_t)
if(kappa <= abs(0.001) && av <= abs(0.001))
lamda = sqrt((ld"*2+(v*delta_t)"2)-2*1d*(v*delta_t)*cos(theta)));
theta_1 = acos((Id"2+lamda”2-(v*delta_t)*2)/(2*1d*lamda));
s = lamda*sin(theta_1);

elseif(kappa <= abs(0.001) && av > abs(0.001))



lamda = sqrt((1d*2+ (2*v/av*sin(av*delta_t/2))"2)-
2*1d*(2*v/av*sin(av*delta_t/2))*cos(theta)));
theta_1 = acos((1d"2+lamda”2-(2*v/av*sin(av*delta_t/2))"2)/((2*1d)*1amda));
s = lamda*sin(theta_1);
elseif(kappa > abs(0.001) && av <= abs(0.001))
lamda = sqrt((((1/kappa)+ld)*2 + (v*delta_t)*2) -
(2*((1/kappa)+ld)*(v*delta_t)*cos(theta)));
theta 1 = acos((((1/kappa)+ld)*2 + lamda”2 - (v*delta_t)*2)/(2*((1/kappa)+ld)*lamda));
s = theta_1/kappa;
else
lamda = sqrt((((1/kappa)+ld)*2 + 2*v/av*sin(av*delta_t/2))"2) -
(2*((1/kappa)+ld)*(2*v/av*sin(av*delta_t/2)*cos(theta))));
theta_1 = acos((((1/kappa)+ld)*2 + lamda*2 -
(2*v/av*sin(av*delta_t/2))"2)/(2*((1/kappa)+ld)*lamda));
s = theta_1/kappa;

end

function ld = cal _leteral_distance(s,ld,theta,kappa,v,av,delta_t)
if(kappa <= abs(0.001) && av <= 0.001)
thetal = pi/2;
theta2 = abs((theta) - (pi/2));
theta3 = pi-theta2;
theta4 = pi - thetal - theta3;

thetaS = theta3 + theta4;

betal =s;



beta2 = sqrt((betal”2 + 1d"2 -(2*betal *1d*cos(theta5))));

theta6 = acos(((betal*2+beta2”2)-1d*2)/(2*betal *beta2));
theta7 = pi-theta5-theta6;
theta8 = (theta)-theta7;
1d = sqrt((beta2*2 + (v*delta_t)*2) - (2*beta2*(v*delta_t)*cos(theta8)));
0.5+0.5
elseif(kappa <= abs(0.001) && av > 0.001)
thetal = pi/2;
theta2 = abs((theta) - (pi/2));
theta3 = pi-theta2;
thetad = pi - thetal - theta3;

theta5 = theta3 + thetad;

betal =s;

beta2 = sqrt((betal”2 + 1d"2 -(2*betal *1d*cos(theta5))));

theta6 = acos(((betal~2+beta2”2)-1d*2)/(2*betal *beta2));
theta7 = pi-thetaS-theta6;
theta8 = (theta)-theta7;
Id = sqrt(beta2”2 + (2*v/av*sin(av*delta_t/2))"2 -
(2*beta2*((2*v/av*sin(av*delta_t/2))))*cos(theta8));
1+1
elseif(kappa > abs(0.001) & & av <= 0.001)
thetal = (pi-(kappa*s))/2;
theta2 = abs((theta) - (pi/2));

theta3 = pi-theta2;



theta4 = pi - thetal - theta3;

thetaS = theta3 + theta4;

betal = 2*(1/kappa)*sin((kappa*s)/2);

beta2 = sqrt((betal”2 + 1d"2 -(2*betal *1d*cos(theta5))));

theta6 = acos(((betal*2+beta2/2)-1d*2)/(2*betal *beta));
theta7 = pi-thetaS-theta6;
theta8 = (theta)-theta7;
1d = sqrt(beta2”2 + (v*delta_t)"2 - (2*beta2*(v*delta_t)*cos(theta8)));
1.5+1.5
else
thetal = (pi-(kappa*s))/2;
theta2 = abs((theta) - (pi/2));
theta3 = pi-theta2;
theta4 = pi - thetal - theta3;

thetaS = theta3 + theta4;

betal = 2*(1/kappa)*sin((kappa*s)/2);

beta2 = sqrt((betal”~2 + 1d*2 -(2*betal *Id*cos(theta5))));

theta6 = acos(((betal*2+beta2”2)-1d*2)/(2*betal *beta2));

theta7 = pi-thetaS-theta6;

theta8 = (theta)-theta7;

1d = sqrt(beta2”2 + (2*v/av*sin(av*delta_t/2))"2 -
(2*beta2*(2*v/av*sin(av*delta_t/2))*cos(theta8)));

2+2



end

function [new_theta 1 new_theta r] =
cal_tangent_angle(theta_l,theta_r,kappa_l,kappa_r,av,delta_t,sl,sr,compass)
if(kappa_l <= abs(0.001) && kappa_r <= abs(0.001) && av <= abs(0.001) && compass == ()
new_theta 1= theta I;
new_theta_r = theta_r;
elseif(kappa_l > abs(0.001) && kappa_r > abs(0.001) && av <= abs(0.001) & & compass ==
1))
new_theta_l = theta_l+(kappa_l*sl);
new_theta r = theta_r-(kappa_r*sr);
elseif(kappa_l > abs(0.001) && kappa_r > abs(0.001) && av <= abs(0.001) & & compass ==
2)
new_theta | = theta l-(kappa_l*sl);
new_theta r = theta r+(kappa_r¥*sr);
elseif(av > 0.001 && compass ==1)
new_theta | = theta l+(av*delta_t);
new_theta r = theta r-(av*delta_t);
elseif(av > 0.001 && compass == 2)
new_theta | =theta l-(av*delta_t);
new_theta r = theta r+(av*delta_t);

end

function Z = get_obs(X)
% z dl=[];

% z dr=1[];



%

%

%

%
%

%

%

%
%
%

%

%
%
%
%

z_thetal = [];

z_thetar = [];

for i = 1:size(X,2)

xthis = X{i};
obs_dl = xthis(1)+0.1*randn(1);
z_dl(end+1) = obs_dl;
obs_dr = xthis(2)+0.1*randn(1);
z_dr(end+1) = obs_dr;
obs_thetal = xthis(3)+0.01*randn(1);
obs_thetal = xthis(3)+0.1745*randn(1);
z_thetal(end+1) = obs_thetal;
obs_thetar = xthis(4)+0.1745*randn(1);
z_thetar(end+1) = obs_thetar;
obs_kappar = xthis(5)+0.01*randn(1);

obs_kappal = xthis(6)+0.01*randn(1);

Z.{i} = [obs_dl obs_dr obs_thetal obs_thetar obs_kappar obs_kappal]';

end;

std(z_dl)
std(z_dr)
std(z_thetal)

std(z_thetar)

% Random NaN for dl
n_index = rand_NaN(0.3,Z);
Z = set NaN(n_index,Z,1);

% Random NaN for dr



% n_index = rand_NaN(0.5,Z);
% Z=set_NaN(n_index,Z,2);
% % Random NaN for thetal

% n_index = rand_NaN(0.5,Z);
% Z=set_NaN(n_index,Z,3);
% % Random NaN for thetar
% n_index = rand_NaN(0.3,Z);

% Z =set NaN(n_index,Z,4);

% Random NaN for dl
n_index = rand_NaN(0.3,Z);
Z = set NaN(n_index,Z,1);

% Random NaN for dr
n_index = rand_NaN(0.3,Z);
Z = set_ NaN(n_index,Z,2);

% Random NaN for thetal
n_index = rand_NaN(0.3,Z);
Z = set_ NaN(n_index,Z,3);

% Random NaN for thetar
n_index = rand_NaN(0.3,Z);

Z = set_ NaN(n_index,Z,4);

function new_Z = set NaN(n_index,Z,z)
for i = 1:size(n_index,2)
index = n_index(i);

thisz = Z{index};



thisz(z) = NaN;
Z{index} = thisz;
end

new_7Z=17;

function index = rand_NaN(time,Z)
%time => finding inveral for ramdom missing value if time = 1 means
%ramdom range = 30
time = time * 30;
numberoflteration = fix(size(Z,2)/time);

numindexforrand = [];

index = [];
r=|[I;
n=1;
m=time;

for i=1:numberoflteration
for j=n:m
numindexforrand(end+1) = j;
end
% r = number of missing values number
r = round(rand(1,2)*time);
while(r(1)==0 | r(2) == 0 | r(1)> size(Z,2) |r(2)> size(Z,2) )
r = round(rand(1,2)*time);
index1 = r(1); % missing index number 1
index2 = r(2); % missing index number 2 => there are 2 missing values in very 30 frames
end

index1 =r(1);



index2 = r(2);

index(end+1) = numindexforrand(index1);
index(end+1) = numindexforrand(index2);
numindexforrand =[];

n=n-+time;

m=m-+time;

end

function plot_sim_data(X, Z, Xest)
% ploting of dl
subplot(2,2,1);

%figure(1)

plotx = plot_array(X,1);
plot(plotx,'-.*r");

hold on;

plotz = plot_array(Z,1);
plot(plotz,'-.0g");

plote = plot_array(Xest,1);
plot(plote,'-.+b’);

title("left lateral distance');

% ploting of dr
subplot(2,2,2);
%figure(2)

plotx = plot_array(X,2);



plot(plotx,'-.*r");

hold on;

plotz = plot_array(Z,2);
plot(plotz,'-.0g");

plote = plot_array(Xest,2);

plot(plote,'-.+b");

title('right lateral distance');

%ploting of theta_l
subplot(2,2,3);

%figure(3)

plotx = plot_array(X,3);
plot(plotx,'-.*r");

hold on;

plotz = plot_array(Z,3);
plot(plotz,'-.0g");

plotz = plot_array(Xest,3);
plot(plotz,'-.+b');

title('right tangent angle')

%ploting of theta_r
subplot(2,2,4);

% figure(4)

plotx = plot_array(X,8);
plot(plotx,'-.*r");

hold on;



% plotz = plot_array(Z,4);
% plot(plotz,'-.0g");

plotz = plot_array(Xest,8);
plot(plotz,'-.+b");

title("Angular Velocity')

function [rmse] = cal_rms(Xold,Xnew)
err_dl=[];
err_dr =[];
err_thetal = [];

err_thetar = [];

for i = 1:size(Xold,2)

thisx = Xold{i};
dl_x = thisx(1);
dr_x = thisx(2);
thetal x = thisx(3);
thetar x = thisx(4);
thisn = Xnew{i};
dl_n = thisn(1);
dr_n = thisn(2);
thetal n = thisn(3);

thetar_n = thisn(4);

if ~isnan(dl_n)
err_dl(end+1) =dl_x - dl_n;

end



if ~isnan(dr_n)
err_dr(end+1) =dr_x-dr_n;
end
if ~isnan(thetal _n)
err_thetal(end+1) = thetal x - thetal n;
end
if ~isnan(thetar_n)
err_thetar(end+1) = thetar_x - thetar n;
end
mse_dl = mean(err_dl."2);
mse_dr = mean(err_dr."2);
mse_thetal = mean(err_thetal.”2);

mse_thetar = mean(err_thetar.”2);

rmse_dl = sqrt(mse_dl);

rmse_dr = sqrt(mse_dr);

rmse_thetal = sqrt(mse_thetal);

rmse_thetar = sqrt(mse_thetar);

rmse = [rmse_dl rmse_dr rmse_thetal rmse_thetar];

end

function plotx = plot_array(X,x)
for i=1:size(X,2)
thisx = X{i};
plotx(i) = thisx(x);

end
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