Error Dynamics Control for TB3_OM

clear all; close all; clc;
| oad(' odondat abur ger. mat');
| oad(' odondata. mat');

%nitial Configuration

x0=0; yO0=0; thetalO=pi/4;

q(1,:)=[x0; y0; thetaOl];

Y%efine total time (see Events. x| sx)
tf_via=13.7990; %sec

tf=16.067; Y%ec

%efine initial desired configuration
xdes=-0. 001; ydes=-0.001; thetades=pi/4;
gdes(1,:)=[xdes; ydes; thetades];

%efine final desired configurations
xdes via f=-2; ydes via f=1;
xdes f=-1.5; ydes f=3.75; thetades_ f=pi/4;

%efine initial configuration error
error(1,:)=qdes(1,:)-q(1,:);

%efine via configuration error
gdes(2,:)=[-0.001; 0.999; 0.99*pi/4];

%Cal | ODE45 Sol ver, edot=A*e

[T, X] = oded5(@t,x)errordynamcs(t,x),[0 tf_via],error(1,:));
[ T2, X2] = oded45(@t, x)errordynam cs(t,x),[tf_via tf], X(end,:));
T=[T; T2]; X=[ X X2];

The output of the ode45 for edot=A*eise! Therefore, e=X, so:

xerror=X(:,1); %error in x

yerror=X(:,2); %error iny

thetaerror=X(:,3); %error in theta

error_vec=[xerror, yerror, thetaerror]; %error vector

%°real | ocat e
gdes_vec=zeros(l ength(T), 3);
vel _vec=zeros(length(T), 2);

% Cal cul ate the desired trajectory
for i=1:size(T)
if T(i)<=tf_via
xdes=xdes_via_f*(T(i)/tf_via); % COM NG FROM THE ( PLANNED)
TRAJECTORY | NFORVATI ON
ydes=ydes_via_f*(T(i)/tf_via); % COM NG FROM THE TRAJECTORY
| NFORNMATI ON
el se
xdes=xdes_vi a_f+(xdes_f-xdes_via_f)*((T(i)-tf_via)/(T(end)-
tf_via)); % COM NG FROM THE ( PLANNED) TRAJECTORY | NFORVATI ON
ydes=ydes_via_f+(ydes_f-ydes_via_f)*((T(i)-tf_via)/(T(end)-
tf_via)); % COM NG FROM THE TRAJECTORY | NFORVATI ON




end

%Cal cul ate orientation
if i>1
dt=T(i)-T(i-1);
dxdes=(xdes-xdes_ol d)/dt; dydes=(ydes-ydes_ol d)/dt;
t des=at an2(dydes, dxdes);
vel _vec(i,1)=sqgrt(dxdes”"2+dydes”2); % i near velocity
vel vec(i,2)=(tdes-tdes_old)/dt; %angul ar velocity
el se
dxdes=0; %bifferentiating
dydes=0; %Differentiating
t des=pi/ 2;
vel _vec(i, 1)=0;
vel _vec(i, 2)=0;
end

gdes_vec(i,:)=[xdes, ydes, tdes]; %desired trajectory
xdes_ol d=xdes; ydes_ol d=ydes; tdes_ol d=t des;
end

g=qdes_vec-error_vec; % Actual configuration of the robot

% Data for plots
tt=0: 1000000: 1000000*| engt h( odondat aburger. x) -1
pos=[ odondat abur ger. x, odondat abur ger.y, odondat aburger. z,
1*ones(| engt h( odondat aburger.x),1)]";
%ef i ne honmpbgeneous transform
H=comput eRzh( pi *1. 325) *conmput eTxh(- 0. 2521) *conmput eTyh( 2. 062) ;
%Rot at e position data
for i=1:1ength(odondat aburger. x)
pos(:,i)=H'pos(:,i);
end

% Plots Position vs. Tine

t _odonr(odondat a. ti nensec(1: 897) - odondat a. ti mensec( 1) *ones(897,1))/
max( odondat a. ti nensec(1: 897) - odondat a. ti mensec( 1) *ones(897,1));
figure('Nanme',' X-Position vs. Tine');

pl ot (t _odom odondata.x(1:897), ... %R0S

T (mex(T)), q(:,1), ... %MATLAB

tt/(max(tt)), pos(1,:)); %xperinental: Burger
hol d on;

xlabel (" Time (-)');

yl abel (" Position (nm)"');

| egend(' ROS', " MATLAB: Error Dynam cs', 'Experinental
Burger','Location', ' Best');

title(' X-Position vs. Tine');

grid on; hold on;

figure(' Nane',"'Y-Position vs. Tine');
pl ot (t _odom odondata.y(1:897), ... %R0S

T (mex(T)), q(:,2), ... %MATLAB

tt/(max(tt)), pos(2,:)); %xperinental: Burger
xlabel (" Time (-)');




yl abel (" Position (nm)"');

| egend(' ROS' , " MATLAB: Error Dynam cs', 'Experinental:
Burger','Location', ' Best');

title('Y-Position vs. Tine');

grid on;

figure(' Nane',' Robot Position vs. Tinme (3D)');

pl ot 3(odondat a. x(1: 897), odondata.y(1:897), t_odom... %0S
q(:,1), q(:,2), T/ (mx(T)), ... 9ATLAB

pos(1,:), pos(2,:), tt/(max(tt))); %Yexperinental: Burger
hol d on;
x| abel (" X-Position (m"'); ylabel ("Y-Position (n)'); zlabel (" Tine
(-)");
| egend(' ROS' , " MATLAB: Error Dynam cs', 'Experinental:
Burger','Location', ' Best');
title(' Robot Position vs. Time (3D)');
grid on;

%l ots Orientation vs. Tine
figure(' Nane',"' Rotation vs. Tine');
pl ot (t _odom odondata.Wrientation(1:897), ... %0S
T (mex(T)), q(:,3), ... %MATLAB
tt/(max(tt)), odondat aburger.Wrientation); %xperinental: Burger
xlabel (" Time (-)');
yl abel (' Rotation (rad)');
| egend(' ROS' , " MATLAB: Error Dynam cs', 'Experinental:
Burger','Location', ' Best');
title('Oientation vs. Tine');
grid on;

% Pl ot Mobil e Robot Position (ROS)
figure(' Nane',' Mobil e Robot Position');
pl ot (odondat a. x( 1: 938), odondata.y(1:938),
a(:, 1), a(:,2),
pos(1,:), pos(2,:));
hold on; grid on;
title(' Mobile Robot Position');
xlabel (" X (m");ylabel ("Y (m");
| egend(' ROS' , " MATLAB: Error Dynam cs', 'Experinental:
Burger','Location', ' Best');

% Plots Linear Velocity vs. Tine
t _odonmr(odondat a. ti nensec(1: 897) - odondat a. ti mensec( 1) *ones(897,1))/
max( odondat a. ti nensec(1: 897) - odondat a. ti mensec( 1) *ones(897,1));
figure(' Nane','Linear Velocity vs. Tine');
pl ot (t _odom odondata. Zvel ocity(1:897), ... %R0S
T/ (max(T)), vel _vec(:,1), ... %ATLAB
tt/(max(tt)), odondat aburger.Zvel ocity); % Experinental: Burger
hol d on;
xlabel (" Time (-)');
yl abel (' Linear Velocity (m's)');
| egend(' ROS' , " MATLAB: Error Dynam cs', 'Experinental:
Burger','Location', ' Best');
title('Linear Velocity vs. Tine');




grid on; hold on;

% Pl ots Angul ar Velocity vs. Tinme
figure(' Name',' Angular Velocity vs. Tine');
pl ot (t_odom odondata. Xvel orientation(1:897), ... %R0S
T/ (max(T)), vel _vec(:,2), ... %MATLAB
tt/(max(tt)), odondataburger. Xvel orientation); % xperinental
Bur ger
xl abel (" Tine (-)'); ylabel (" Angular Velocity (rad/s)'); ylim[-0.5
0.5])
| egend(' ROS' ,' MATLAB: Error Dynamics', 'Experinmental
Burger','Location','Best');
title(' Angular Velocity vs. Tine');

grid on;
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function [dx]=errordynam cs(t, x)
% Control based on Approxi nate Linearization
% Define System Paraneters per L10P2, P.4 (Mdified for optimal
% trajectory tracking)
dr=0.8; %danping ratio (0.7). Changed to 0. 8.
onmegad=1/3; %desired steering velocity
vd=1l; %desired |inear velocity
nf=5; %natural frequency (1). Changed to 5.
% Define Gains per 11.69
k1=2*dr*nf; % controller gain
k3=kl1l; % controller gain
k2=(nf~2-omegad”2)/vd; %controller gain

% Equation 11.68, Siciliano, State-Space Fornat
dx=zeros(3,1); %x=edot

dx(1) = -k1*x(1)+onegad*x(2);
dx(2) = -onegad*x(1)+vd*x(3);
dx(3) = -k2*x(2)-k3*x(3);

end

function [ Rxh] = conput eRxh(t het a)
% Comnput e Basi ¢ Honbgeneous Transform Matrix for
% rotation of theta (radians) about x-axis
Rxh=[1 0 0 O;

0 cos(theta) -sin(theta) O;

0 sin(theta) cos(theta) O;

000 1;];

function [ Ryh] = conput eRyh(theta)

% Comnput e Basi ¢ Honbgeneous Transform Matrix for
% rotation of theta (radians) about y-axis
Ryh=[cos(theta) O sin(theta) O;

010 0;
-sin(theta) 0 cos(theta) O;
000 1];

end

0 - - = m e e e a e e e -

0 - - = m e e e a e e e -

function [ Rzh] = conput eRzh(t het a)
% Comnput e Basi ¢ Honbgeneous Transform Matrix for
% rotation of theta (radians) about z-axis
Rzh=[ cos(theta) -sin(theta) 0 O;
sin(theta) cos(theta) 0 O;

0010;
000 1];
end
0 - - = m e e e a e e e -
0 - - = m e e e a e e e -
function [ Txh] = conput eTxh(d)
O = = = m e e e e e e e e e e e e e e e e e e e e e mm o

% Cal cul at e Basi ¢ Honbgeneous Transform Matrix for
%translation of d (n) along x-axis




Txh=[1 00d; 0100, 0010; 000 1];
end

% Cal cul at e Basi ¢ Honbgeneous Transform Matrix for
%translation of d (n) along y-axis

Tyh=[1 0 00; 01 0d; 0010; 000 1];

end

% Cal cul at e Basi ¢ Honbgeneous Transform Matrix for
%translation of d (n) along z-axis

Tzh=[1 0 00; 0100, 0014d; 00O 1];

end
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