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O TopdV KOSIKAG VAOTTOLEL EVOL LOVTERO UT| YPOUULKNG SUVOULKNG EVOG U1 ETAVOPOUEVOU
wrrapevov oxnuatog (UAV) kau eqpopuoler eleykt thmov PID yio Ty entitevsn eleyyov
0€omg Kar 0Taong. IIpayIaToTOLELTOL TTPOCOUOLWOT] TTTNONG UE EVOANAYESG PAOEWV CTOYEL-
WONG, CLMPNONG KO TTPOTYELWONG, EVM TAPAYOVTOL YPOPTUOTO TTOV TAPOVOLALOUV TNV eEE-

MEN TOV UETAPANTOV KATAGTOONG, TMV TOAYVTHTOV, TMV YWVIMV KOL TWV POTTMV EAEYYOU.

To &yypago poopiletal wg BondNTIKO VAKO yio. To Mabnuo 8.

Kodwog MATLAB®

% Script for PID simulations
close all; clear; clc;

g = 9.81;

m = @(t) 5.89;

A m= 0(t) 5.89 - 0.5%heaviside(t - 80) + 0.5*heaviside(t - 120);
% Inertia

Ix = 0.19788093606;

Iy = 0.36886847425;

Iz = 0.17265001195;

%4 Drag coefficient

b_drag = 0.962;

% Gains

Kp_alt = 12; Kd_alt = 5;

Kp_x = 2.0; Kd_x = 1.2;

Kp_y = 2.0; Kd_y = 1.2;

Kp_a = diag([6.0 6.0 2.5]);

Kd_a = diag([2.0 2.0 1.0]1);

Ki_a = diag([0.3 0.3 0.0]); % No integral on yaw
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flag_reg = 1;

A =2, J t_A: takeoff init.
B = 35; / t_B transition init
C =70; 4 t_C: landing init
= 85; /4 t_D: payload acquisition and new takeoff intit
E = 110;7 t_E: transition init

t_F = 150;7 t_F: final landing intt

if flag reg == 1
/ Regulation trajectory (takeoff-hover-land)

x_des = @(t) 10*heaviside(t-t_B) - 10*heaviside(t-t_E);
y_des = @(t) 10xheaviside(t-t_B) - 10xheaviside(t-t_E);
z_des = @(t) 15%¥heaviside(t-t_A) - 15xheaviside(t-t_C) +

15*xheaviside(t-t_D) - 15*heaviside(t-t_F);
/4 reference wector same length as expected by the ODE
x_ref = @(t) [x_des(t); y_des(t); z_des(t); 0; 0; 0; 0; 0; 0; O;
0; 0]1;
else

/4 Ezample sinusoidal trajectory for tracking

x_des = @(t) 5*cos(0.2%t);

y_des = Q@(t) 5*sin(0.2%t);

z_des = @(t) 10 + 2*xsin(0.1%t);
xd_des = @(t) -5%0.2%sin(0.2*t);
yd_des = @(t) 5%0.2*%cos(0.2xt);
zd_des = @(t) 0.2%cos(0.1x*t);

x_ref = 0(t) [x_des(t); y_des(t); z_des(t); xd_des(t); yd_des(t);
zd _des(t); 0; 0; 0; 0; 0; 0];

end

x0 = zeros(15,1);
tspan = [0 200];
x0 = [0; 0 ; 0; O0; O; 0; O; O; 0; O; 0; 0; O; 0; 0;1;

/4 Definion of the function handle for quadcopter dynamics:

f = @(t,x) UAV_PID_ode_Final(t, x, m, g, Ix, Iy, Iz, b_drag, x_ref,
Kp_alt, ...
Kd_alt, Kp_x, Kd_x, Kp_y, Kd_y, Kp_a, Kd_a, Ki_a);

opts = odeset('RelTol', 10°-10, 'AbsTol', 107-9);
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[t_PID,

x_PID]

= odelbs(f, tspan, x0, opts);

u_PID(size(t_PID) ,4) = 0;

for i=1:1:size(t_PID)

end

temp = x_ref (t_PID(i));

e_pos = temp(1:3) - x_PID(i,1:3)"';

f_tot = Kp_alt * e_pos(3) - Kd_alt * x_PID(i,6);

phi_d = Kp_y * e_pos(2) - Kd_y * x_PID(i,5);

theta_d = Kp_x * e_pos(1l) - Kd_x * x_PID(i,4);

phi_d = 0;

theta_d = 0;

e_a = [phi_d;theta_d;0] - x_PID(i,7:9)';

temp = Kp_a * e_a - Kd_a * x_PID(i,10:12)' + Ki_a * x_PID(i
,13:15) ';

u_PID(i,:) = [f_tot,temp'];
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/4 Plots:

J Translation:

figure (1)

subplot(3,1,1);

plot (t_PID,x_PID(:,
"D

legend ('x', 'x_{d}'

subplot (3,1,2);
plot (t_PID, x_PID(:
g');
legend('y','y_{d}',
subplot (3,1,3);
plot (¢t _PID, x_PIDC(:
't');
legend('z','z_d"',
4 Control Inputs:
figure(2)
subplot(4,1,1);
plot (t_PID, u_PID(:

legend ('Total,Thrust',

PID');
subplot (4,1,2);
plot (t_PID, u_PID(:
legend ('x-torque',
subplot (4,1,3);
plot (t_PID, u_PID(:
legend ('y-torque',
subplot (4,1,4);
plot (t_PID, u_PIDC(:

legend ('z-torque',

figure (3)

subplot(3,1,1);
plot (t_PID, x_PID(:

1),

'LineWidth', 2 ,'LineStyle','-','Color','b

, 'x {PID}");

title('x-velocity PID')

subplot (3,1,2);
plot (t_PID, x_PID(:

,2), 'LineWidth', 2, 'LineStyle','-','Color',"
'y_{PID}")
,3), 'LineWidth', 2, 'LineStyle','-', 'Color',
'z_{PID}");
,1), 'LineWidth', 2, 'Color','b');
'UpperBound', 'LowerBound', 'TotyThrust
,2), 'LineWidth', 2, 'Color','g');
'Upper_ Bound', 'Lower, Bound', 'x-torque_ PID');
,3), 'LineWidth', 2, 'Color','r');
'Upper_ Bound', 'Lower_ Bound', 'y-torque_ PID');
,4), 'LineWidth', 2, 'Color', 'm');
'Upper_ Bound', 'Lower_ Bound', 'z-torque_ PID');
,4), 'LineWidth', 2, 'Color','b');
,5), 'LineWidth', 2,'Color','g');

title('y-velocity PID")
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subplot(3,1,3);
plot (t_PID, x_PID(:,6), 'LineWidth', 2,'Color','r');
title('z-velocity PID')

figure (4)

subplot (3,1,1);

plot(t_PID, x_PID(:,7), 'LineWidth', 2,'Color','b');
xlabel ('Time [s]"');

ylabel ('\phiy[radl ");

legend ('Roll');

title('Roll Evolution PID"');

subplot(3,1,2);

plot(t_PID, x_PID(:,8), 'LineWidth', 2,'Color','g');
xlabel ('Timey[s]');

ylabel ('\theta, [rad]"');

legend ('Pitch');

title('Pitch_ Evolution PID');

subplot (3,1,3);

plot (t_PID, x_PID(:,9), 'LineWidth', 2,'Color','r');
xlabel ('Time  [s]');

ylabel ('\psiyl[radl');

legend ('Yaw');

title('Yaw_ Evolution PID');

figure (5)

subplot(3,1,1);

plot(t_PID, x_PID(:,10), 'LineWidth', 2,'Color','b');
xlabel ('Timey[s]"');

ylabel ('$\dot{\phi}$,[rad/s]', ' 'Interpreter','latex');
legend ('Roll Rate');
title('Roll Rate Evolution PID');

subplot(3,1,2);

plot(t_PID, x_PID(:,11), 'LineWidth', 2,'Color','g');
xlabel ('Time [s]');

ylabel ('$\dot{\thetal}$ [rad/s]','Interpreter','latex');
legend ('Pitch Rate');
title('Pitch_ Rate Evolution  PID');

subplot (3,1,3);

plot(t_PID, x_PID(:,12), 'LineWidth', 2,'Color','r');
xlabel ('Time [s]"');

ylabel ('$\dot{\psi}$,[rad/s]',  'Interpreter','latex');
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legend ('Yaw Rate');

titl

if (

else

end

e('Yaw_ Rate Evolution_ PID');

flag_reg == 1)
figure (6)
plot(x_PID(:,1) ,x_PID(:,2),'Color','g','LineWidth',2,"

LineStyle',':")
legend('Ref','MPC','PID')

title ('XY,tracking accuracy')
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/4 The ODE Function

function xdot = UAV_PID_ode_Final(t, x, m, g, Ix, Iy, Iz, b_drag,
x_ref, Kp_alt,...
Kd_alt, Kp_x,Kd_x, Kp_y, Kd_y, Kp_a, Kd_a, Ki_a)

mass_t = m(t);

R_.w = [cos(x(9))*xcos(x(8)), -sin(x(9))*cos(x(7))+...
cos(x(9))*sin(x(8))*sin(x(7)), sin(x(9))*sin(x(7))+...
cos(x(9))*sin(x(8))*cos(x(7));
sin(x(9))*cos(x(8)), cos(x(9))*cos(x(7))+...
sin(x(9))*sin(x(8))*sin(x (7)), ...
—cos(x(9))*sin(x(7))+sin(x(9))*sin(x(8))*cos(x(9));
-sin(x(8)), cos(x(8))*sin(x(7)), cos(x(8))*cos(x(7))];

temp = x_ref (t);
e_pos = temp(1:6) - x(1:6);
f_tot

Kp_alt * e_pos(3) + Kd_alt * e_pos(6);

phi_d = Kp_y * e_pos(2) + Kd_y * e_pos(5);

theta_d = Kp_x * e_pos(l) + Kd_x * e_pos(4);

e_a = [phi_d;theta_d;0] - x(7:9);

u_a = Kp_a * e_a - Kd_a * x(10:12) + Ki_a * x(13:15);

Gravity = [0, O, -mass_tx*g]';
F_d = -b_drag * x(4:6);
F_translational = R_w * [0; O0; f_tot + mass_t*gl] + Gravity + F_d;

acc = (1/mass_t) * F_translational;

Q BW = [1, sin(x(9)) * tan(x(8)), cos(x(7)) * tan(x(8));
0, cos(x(9)), -sin(x(7));
0, sin(x(9))/cos(x(8)), cos(x(9))/cos(x(8))];
Q_WB = Q_BW';
OMEGA1 = Q_WB * [x(10); x(11); x(12)];
al = [Ix, 0, 0; O, Iy, O; O, O, Iz] * OMEGA1;
OMEGA2 = cross(OMEGA1,al);
tau = [Ix~-1, O, O; O, Iy~-1, O0; 0, O, Iz"-1] * (u_a - OMEGA2);

xdot = [x(4:6); acc; x(10:12); tau; e_al;

end




