MELLEKLETEK

1.szamu Melleklet: Kontroller paraméter fajl

Open - m *logitech.yaml

1 axis_linear: # Left thumb stick vertical

2 scale_linear:

3 scale_linear_turbo:

4 axis_angular: # Left thumb stick horizontal
5 scale_angular: 1

6

7 enable_button: 4 # Left top trigger
8 enable_turbo_button: # left bottom trigger



2.szamu Melléklet: A start_sensors.launch fajl

Open start_sensors.launch

1<lan ==
2 <launch>
3 <!-- Xsens IMU Node --=

<node name="xsens pkg="xsens_mti_driver" type="xsens_mti_node" output="screen">

4

5 <param name=

6 <param name=

7 =<param name= pL
8 <param name=

9 <param name=

18 <param name="p

11 <param name=

12 <param name= :

13 <param name="pub

14 <param names

15 <param name=

16 <param name="pu

17 <param names

18 <param name=

19 <param name="pu

20 <param name=

21 <param name=

22 </node>

23

24 <!-- ROS Serial Node for IMU Array --=

25 <node name="rosseria de” pkg= rial_pyt type="serial de.py” output="screen">
26 <param name="port"” value= BO" />

27 <param name= id" value="200 />

28 </node>

29

30

31

32 <!-- Ublox GPS Node -->

33 <node name="ublox_gps_node” pkg="ublox_gps" type= output="screen">
34 <rosparam command="1oa file="5(find ublox_ g 94_mBp_rover.yaml” f>
35 </node=

36

37 </launch>
E:]



3.szamu Melléklet: A main_imu.py fajl

Open M Y
1#!/usr/binfenv python3
2
3 import rospy
4 import csv
5 import math
6 from sensor_msgs.msg import Imu
7
8 # Globalis valtozok
9nth_pos = & # Inicializaljuk a szamlslét
16 has_run =
11
12 def header_function():
13 global has_run
14 if not has_run:
15 header = [ , 't , , . ", ", . . , "ma , "mag.z”,
16 for i in range(1, 10):
17 with open(f ’ top/i , , newline='') as csvfile:
18 writer = csv.writer(csvfile)
19 writer.writerow(header)
20 has_run = 7
21
22 def meas_callback(msg):
23 global nth_pos
24 iny_meas = 1
25 imu_id = int(msg.orientation.w)
26
27 if imu_id in range(1, 19):
28 nag_norm = math.sqrt(pow(msg.orientation.x, 2) + pow(msg.orientation.y, 2) + pow(msg.orientation.z,
29 imu_data = [imu_id, nth_pos, msg.linear_acceleration.x, msg.linear_acceleration.y, msg.linear_acceleration.z,
30 msg.angular_velocity.x, msg.angular_velocity.y, msg.angular_velocity.z,
31 msg.orientation.x, msg.orientation.y, msg.orientation.z, mag_norm,
32 nsg.header.stamp.nsecs, msg.header.stamp.secs, imu_neas]
33 with open(f i imu_id i ) , newline='') as csvfile:
34 writer = csv.writer(csvfile)
35 writer.writerow(imu_data)
36
37 nth_pes += # 5zamlalo novelése
38
394f __nane__ ==
0 rospy.init_node( je')
a1 header_function() # A header_function hivisa, hogy a fejléc létrejojjon
22 imu_sub = rospy.subscriber( , Imu, meas_callback)
43 rospy.spin()



4.szamu Melléklet: A convert_struct_to_bag.m f4jl

% ROS bag fajlok betdltése
robot_bag_path = '../magnimeresek/macskako5_repulogps/robot_topics_20241023 164015.bag’;
laptop_bag_path = '../magnimeresek/macskako5_repulogps/laptop_topics.bag';

robot_bag = rosbag(robot_bag_path);
laptop_bag = rosbag(laptop_bag_path);

% mappa genhez név kimentés és ell. hogy van-e ilyen mappa
[~, measurement_name, ~] = fileparts(fileparts(robot_bag_path));

save_folder = fullfile('datas', measurement_name);

if ~exist(save_folder, 'dir')
mkdir(save_folder);
end

% /cmd_vel topic
cmd_vel_topic = select(robot_bag, ‘Topic', '/cmd_vel');
cmd_vel_msgs = readMessages(cmd_vel_topic, ‘DataFormat’, ‘struct');

% /imu/data topic izeneteinek
imu_data_topic = select(laptop_bag, 'Topic®, '/imu/data');
imu_data_msgs = readMessages(imu_data_topic, 'DataFormat’, 'struct');

% /imu/mag
imu_mag_topic = select(laptop_bag, 'Topic', '/imu/mag');
imu_mag_msgs = readMessages(imu_mag topic, 'Dataformat’, 'struct');

% /joint_states
joint_states_topic = select(laptop_bag, 'Topic', '/joint_states');
joint_states_msgs = readMessages(joint_states_topic, ‘DataFormat’', 'struct');

odom_topic = select(robot_bag, 'Topic', '/odom');
odom_msgs = readMessages(odom_topic, ‘DataFormat’', ‘struct');

% /ublox_gps_node/fix
gps_fix_topic = select(laptop_bag, 'Topic', '/ublox_gps_node/fix');
gps_fix_msgs = readMessages(gps_fix_topic, 'DataFormat’, 'struct');

% segedvaltozo
num_msgs = numel(gps_fix_msgs);

% a vegleges struktura krealasa
gps_data(num_msgs) = struct('Sec’, [], ‘Nsec', [], ‘Latitude’, [], ‘Longitude', [], 'Altitude’, [], 'PositionCovariance’, []);

% es a tablazat kitoltese

for i = 1:num_msgs
gps_data(i).Sec = gps_fix_msgs{i}.Header.Stamp.Sec;
gps_data(i).Nsec = gps_fix_msgs{i}.Header.Stamp.Nsec;
gps_data(i).Latitude = gps_fix_msgs{i}.Latitude;
gps_data(i).Longitude = gps_fix_msgs{i}.Longitude;
gps_data(i).Altitude = gps_fix_msgs{i}.Altitude;
gps_data(i).PositionCovariance = gps_fix_msgs{i}.PositionCovariance;

end



% Xsens imu_data topic feldolgozas
num_imu_msgs = numel(imu_data_msgs);

xsens_imu_data(num_imu_msgs) = struct('Sec’, [], ‘Nsec', [], 'Orientation’, [], 'OrientationCovariance', [], ...

‘AngularVelocity*, [], ‘AngularVelocityCovariance', [], ...
‘LinearAcceleration’, [], 'LinearAccelerationCovariance', []);

for i = 1:num_imu_msgs
xsens_imu_data(i).Sec = imu_data_msgs{i}.Header.Stamp.Sec;
xsens_imu_data(i).Nsec = imu_data_msgs{i}.Header.Stamp.Nsec;

% Orientation

xsens_imu_data(i).Orientation.X = imu_data_msgs{i}.Orientation.X;
xsens_imu_data(i).Orientation.Y = imu_data_msgs{i}.Orientation.Y;
xsens_imu_data(i).Orientation.Z = imu_data_msgs{i}.Orientation.Z;
xsens_imu_data(i).Orientation.W = imu_data_msgs{i}.Orientation.W;
xsens_imu_data(i).OrientationCovariance = imu_data_msgs{i}.OrientationCovariance;

% Angular Velocity

xsens_imu_data(i).AngularVelocity.X = imu_data_msgs{i}.AngularVelocity.X;
xsens_imu_data(i).AngularVelocity.Y = imu_data_msgs{i}.AngularVelocity.Y;
xsens_imu_data(i).AngularVelocity.Z = imu_data_msgs{i}.AngularVelocity.Z;
xsens_imu_data(i).AngularVelocityCovariance = imu_data_msgs{i}.AngularVelocityCovariance;

% Linear Acceleration

xsens_imu_data(i).LinearAcceleration.X = imu_data_msgs{i}.LinearAcceleration.X;

xsens_imu_data(i).LinearAcceleration.Y = imu_data_msgs{i}.LinearAcceleration.Y;

xsens_imu_data(i).LinearAcceleration.Z = imu_data_msgs{i}.LinearAcceleration.Z;

xsens_imu_data(i).LinearAccelerationCovariance = imu_data_msgs{i}.LinearAccelerationCovariance;
end

% IMU mag data
num_mag_msgs = numel(imu_mag_msgs);

xsens_imu_mag_data(num_mag_msgs) = struct('Sec’, [], 'Nsec’, [], ‘X', (], '¥', (], 'Z', (1);

for i = 1:num_mag_msgs
xsens_imu_mag_data(i).Sec = imu_mag_msgs{i}.Header.Stamp.Sec;
xsens_imu_mag_data(i).Nsec = imu_mag_msgs{i}.Header.Stamp.Nsec;
xsens_imu_mag_data(i).X = imu_mag_msgs{i}.Vector.X;
xsens_imu_mag_data(i).Y = imu_mag_msgs{i}.Vector.Y;
xsens_imu_mag_data(i).Z = imu_mag_msgs{i}.Vector.Z;

end

%odom mentés

num_msgs = numel(odom_msgs);

odom_data(num_msgs) = struct('Sec’, [], 'Nsec', [], ...
Wosition®; struct(’X"; 1) % 1 2% 1)) a5
‘Orientation”; struct('X'; [); “Y': 11 “Z% [ "W [1)s s
‘PoseCovariance', []);

for i = 1:num_msgs
odom_data(i).Sec = odom_msgs{i}.Header.Stamp.Sec;
odom_data(i).Nsec = odom_msgs{i}.Header.Stamp.Nsec;

% Position

odom_data(i).Position.X = odom_msgs{i}.Pose.Pose.Position.X;
odom_data(i).Position.Y = odom_msgs{i}.Pose.Pose.Position.Y;
odom_data(i).Position.Z = odom_msgs{i}.Pose.Pose.Position.Z;

% Orientation

odom_data(i).Orientation.X = odom_msgs{i}.Pose.Pose.Orientation.X;
odom_data(i).Orientation.Y = odom_msgs{i}.Pose.Pose.Orientation.Y;
odom_data(i).Orientation.Z = odom_msgs{i}.Pose.Pose.Orientation.Z;
odom_data(i).Orientation.W = odom_msgs{i}.Pose.Pose.Orientation.W;

% Pose Covariance
odom_data(i).PoseCovariance = odom_msgs{i}.Pose.Covariance;
end



%cmd vel mentes
num_msgs = numel(cmd_vel _msgs);

cmd_vel_data(num_msgs) = struct('Sec', [], 'Nsec’, [], ...
‘Linear', struct('X’, []- "N (]: T []): see
‘Angular’, struct('X', [1, 'Y', [1, 'Z', [1));

for i = 1:num_msgs

time = cmd_vel_topic.Messagelist.Time(i); % itt mashogy meg az id6 kinyerése
sec = floor(time);
nsec = round((time - sec) * 1e9);

cmd_vel_data(i).Sec = sec;
cmd_vel _clata(i).Nsec = nsec;

% Linear Velocity

cmd_vel_data(i).Linear.X
cmd_vel_data(i).Linear.Y
cmd_vel_data(i).Linear.Z

cmd_vel _msgs{i}.Linear.X;
cmd_vel _msgs{i}.Linear.Y;
cmd_vel _msgs{i}.Linear.Z;

% Angular Velocity

cmd_vel_data(i).Angular.X

cmd_vel_data(i).Angular.Y

cmd_vel_data(i).Angular.Z
end

cmd_vel _msgs{i}.Angular.X;
cmd_vel_msgs{i}.Angular.Y;
cmd_vel _msgs{i}.Angular.Z;

% Struktirak mentése .mat fajlokba
save(fullfile(save_folder, 'cmd_vel data.mat'), ‘cmd_vel data');
save(fullfile(save_folder, 'gps_data.mat'), 'gps_data');

save(fullfile(save_folder, 'xsens_imu_data.mat'), 'xsens_imu_data');
save(fullfile(save_folder, 'xsens_imu_mag.mat'), ‘xsens_imu_mag_data');

clear;



5.szamu Melléklet: A mozgasmodell implementéacidja

function [x_pred, P_pred] = notioﬁ_nodel(x, V, omega, dt, P, Q)
theta = x(3);

if abs(omega) > 1le-5 % Ha omega nem nulla, akkor koriven halad
r=V / omega; %

ICC_x = x(1) - r * sin(theta);
ICC_y = x(2) + r * cos(theta);

% Predikalt allapot
x_pred = [
ICC_x + r * sin(theta + omega * dt);
ICC_y - r * cos(theta + omega * dt);
theta + omega * dt
15

% Allapotatmeneti matrix (F) kdrives mozgds esetén
F=[

1, 0, r * (cos(theta + omega * dt) - cos(theta));
0, 1, r * (sin(theta + omega * dt) - sin(theta));
8, 0; 1

’ ’

};

else % Ha omega nulla, akkor egyenes mozgas
% Predikalt allapot
x_pred = [
x(1) + V * cos(theta) * dt;
x(2) + V * sin(theta) * dt;

theta
1
% Allapotatmeneti matrix (F) egyenes mozgas esetén
F=1
1, 0, -V * dt * sin(theta);
9, 1, V * dt * cos(theta);
9, 0, 1
1;

end

% Kovariancia elorejelzés
Ppred =F *P * F' + Q;
end



6.szamu Melléklet: A megfigyelésmodell implementacioja

ffunction [x_upd, P_upd] = kalman_update(x_pred, P_pred, z, R)
H= [13 0: e:

0, 1, 0];

H * P_pred * H' + R;

P_pred * H' / S;

Z - H* x_pred;

upd = x_pred + K * y;

(eye(length(x_pred)) - K * H) * P_pred;
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Q
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7.szamu Melléklet: A Kalman-sziiré implementacioja

clear;

close all;

clc;

format compact;

%% Adatok betdltése

gps_data_loaded = load('datas\tanya2_l\gps_data.mat’);
cmd_vel_data_loaded = load('datas\tanya2_1\cmd_vel_data.mat');
gps_data = gps_data_loaded.gps_data;

cmd_vel_data = cmd_vel_data_loaded.cmd_vel_data;

%% menteshez kell a mppa
data_path = 'datas\varga_foci_2\gps_data.mat';
[~, folder_name, ~] = fileparts(fileparts(data_path));

%% CMD_VEL adatok kibontdsa

num_cmd_vel_msgs = numel(cmd_vel_data);

cmd_vel_times_sec = zeros(1l, num_cmd_vel_msgs);

linear_velocity = struct('X', cell(l, num_cmd_vel_msgs), 'Y', cell(1l, num_cmd_vel msgs), 'Z', cell(1l, num_cmd_vel_msgs));
angular_velocity = struct('X', cell(1, num_cmd_vel _msgs), 'Y', cell(l, num_cmd_vel msgs), 'Z"', cell(l, num_cmd_vel_msgs));

for i = l:num_cmd_vel_msgs
cmd_vel_times_sec(i) = double(cmd_vel_data(i).Sec) + double(cmd_vel_data(i).Nsec) * le-9;
linear_velocity(i).X = cmd_vel_data(i).Linear.X;
angular_velocity(i).Z = cmd_vel_data(i).Angular.Z;

end

%% GPS adatok kibontdsa (eredeti koordinatak)
num_gps_msgs = numel(gps_data);

gps_times_sec = zeros(1l, num_gps_msgs);
gps_latitudes = zeros(1l, num_gps_msgs);
gps_longitudes = zeros(1l, num_gps_msgs);

for i = 1:num_gps_msgs
gps_times_sec(i) = double(gps_data(i).Sec) + double(gps_data(i).Nsec) * le-9;
gps_latitudes(i) = gps_data(i).Latitude;
gps_longitudes(i) = gps_data(i).Longitude;

end

%% Ground_truth generdldsa a GPS adatokbél (interpoldlva a cmd_vel idSpontokra)
ref_latitude = gps_latitudes(1);

ref_longitude = gps_longitudes(1);

meters_per_deg_lat = 111320;

meters_per_deg_lon = meters_per_deg_lat * cosd(ref_latitude);

gps_x = (gps_longitudes - ref_longitude) * meters_per_deg_lon;
gps_y = (gps_latitudes - ref_latitude) * meters_per_deg_lat;

% Az eredeti GPS adatok hossza
num_gps_points = length(gps_latitudes);

% A cmd_vel adatok hossza, ahany adatpontot ra interpoldlunk
num_cmd_vel_points = length(cmd_vel_times_sec);

% Interpoldciés indexek létrehozdsa az eredeti GPS indexek €s a c¢md_vel hossza alapjan
gps_indices = linspace(1l, num_gps_points, num_cmd_vel_points);

% Interpoldcié a GPS adatokbél a cmd_vel hosszara
ground_truth_gps_lat = interpl(l:num_gps_points, gps_latitudes, gps_indices, 'linear');
ground_truth_gps lon = interpl(l:num_gps_points, gps_longitudes, gps_indice;, ‘linear’');



ref_latitude = gps_latitudes(1);

ref_longitude = gps_longitudes(1);

meters_per_deg_lat = 1113208;

meters_per_deg_lon = meters_per_deg_lat * cosd(ref_latitude);
gps_x = (gps_longitudes - ref_longitude) * meters_per_deg_lon;
gps_y = (gps_latitudes - ref_latitude) * meters_per_deg_lat;

num_gps_points = length(gps_latitudes);
num_cmd_vel_points = length(cmd_vel_times_sec);

gps_indices = linspace(1l, num_gps_points, num_cmd_vel_points);

ground_truth_gps_lat = interpl(1l:num_gps_points, gps_latitudes, gps_indices, 'linear’);
ground_truth_gps_lon = interpl(l:num_gps_points, gps_longitudes, gps_indices, 'linear');

%% Idék normalizdldsa

first_cmd_vel_time = cmd_vel_times_sec(1);

first_gps_time = gps_times_sec(l);

cmd_vel_times_sec = cmd_vel_times_sec - first_cmd_vel_time;
gps_times_sec = gps_times_sec - first_gps_time;

%% Kalman-szliré init

x_est = [@; 0; 0];

P = diag([1, 1, 0.1]);

Q = diag([e.1, 0.1, 8.01]);
R = diag([5, 51);

x_kalman = zeros(1, num_cmd_vel_msgs);
y_kalman = zeros(1l, num_cmd_vel_msgs);
theta_kalman = zeros(1l, num_cmd_vel _msgs);

" %% Kalman-szird futtatasa
gps_idx = 1;
for i = 1l:num_cmd_vel_msgs
if i ==1
dt = cmd_vel_times_sec(i);
else
dt = cmd_vel_times_sec(i) - cmd_vel_times_sec(i-1);
end

% priori becs
[x_pred, P_pred] = motion_model(x_est, linear_velocity(i).X, angular_velocity(i).Z, dt, P, Q);

% Legkozelebbi GPS mérés keresése
while gps_idx <= num_gps_msgs && gps_times_sec(gps_idx) < cmd_vel_times_sec(i)

gps_idx = gps_idx + 1; [
end

% kozeli gps adat keresése
if gps_idx > 1 && gps_idx <= num_gps_msgs
time_diff = abs(gps_times_sec(gps_idx) - cmd_vel_times_sec(i));
if time_diff < 0.1
z = [gps_x(gps_idx); gps_y(gps_idx)];
[x_est, P] = kalman_update(x_pred, P_pred, z, R);
else
x_est = x_pred;
P = P_pred;
end
else
x_est = x_pred;
P = P_pred;
end

x_kalman(i) = x_est(1);

y_kalman(i) = x_est(2);

theta_kalman(i) = x_est(3);
end




%% kalman szuro kimenet gpshez igazitasa
kalman_lat = y_kalman / meters_per_deg_lat + ref_latitude;
kalman_lon = x_kalman / meters_per_deg_lon + ref_longitude;

%% CMD_VEL pozicidk inicializalas a GPS alapjan

cmd_vel_x(1) = @;

emd_vel_y(1) = @;

theta = atan2(gps_y(1@) - gps_y(1), gps_x(1@) - gps_x(1)); % Kezdeti orientdcid
cmd_vel_est = [cmd_vel_x(1); cmd_vel_w(1); theta]; % Kezdeti &llapot

for 1 = 2:num_cmd_vel_msgs
dt = cmd_vel_times_sec(i) - cmd_vel_times_sec(i-1);
[emd_vel_est, ~] = motion_model(cmd_wel_est, linear velocity(i).X, angular_velocity(i).Z, dt, P, Q);
emd_vel x(i) = emd_vel_est(1);
cmd_vel y(i) = cmd_vel_est(2);
end

cmd_vel_lat = cmd_vel_y / meters_per_deg_lat + ref_latitude;
cmd_vel_lon = cmd_vel_x / meters_per_deg_lon + ref_longitude;

%% Adatok mentése

results_path = fullfile('results', folder_name, 'results.mat');

if ~exist(fullfile('results', folder_name), 'dir')
mkdir(fullfile( 'results', folder_name));

end

%% Vizualizdcidé muholdkepen

ground_truth_loaded = load('results\tanya?_l\ground_truth_gps.mat");
gps_data_loaded = load( 'results\tanyal_l\results.mat');

% Extract variables from the loaded data
ground_truth_gps_lat = ground_truth_loaded.ground_truth_gps_lat;
ground_truth_gps_lon = ground_truth_loaded.ground_truth_gps_lon;
kalman_lat = gps_data loaded.kalman_lat;
kalman_lon = gps_data_loaded.kalman_lon;

figure;

geoplot{ground_truth_gps_lat, ground_truth_gps_lon, ‘-o', ‘'DisplayMame®, ‘Ground Truth adatok’, ‘LineWidth', 1.5, ‘MarkerSize', 6);
hold on;

geoplot(kalman_lat, kalman_lon, '-x', 'DisplayMName’, 'Kalman sziirt, optimalizdcidé nélkiili adatok’, "LineWidth’, 1.5, 'MarkerSize', 6);
geoplot(cmd_vel_lat, cmd_vel_lon, '-*', 'DisplayName’, 'cmd)_vel adatok', 'LineWidth', 1.5, "MarkerSize', 6);

geobasemap satellite;

title("Ground Truth, cmd_vel és Kalman-szlirt adatok miholdképen', ‘FentSize', 14, ‘FontWeight', ‘beld’, ‘Interpreter’, ‘none’);
legend(‘Location’, “northwest’, ‘FontSize®, 1@);

set(gca, ‘FontSize’, 12);

grid on;

hold off;



8.szamu Melléklet: A optimalizalatlan Kalman-sziir6 eredménye kiilonboz6 trajektoridkra.

Aszfaltos focipélya:
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Homokos talaj:
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9.szamu Melléklet: Az optimalizalas forraskodja:

function error = kalman_pso_objective(params, gps data, cmd _vel data, ...
interp_lat, interp_lon, ref_latitude, ref_longitude)
R = diag([params(1l), params(2)]);
Q = diag([params(3), params(4), params(5)]);
[kalman_lat, kalman_lon] = run_kalman_filter(gps_data, cmd_vel data, ...
R, Q, ref_latitude, ref longitude);
lat_to_meters = 111328,
lon_to_meters = 111320 * cosd(ref_latitude);
error = sgrt(mean({(kalman_lat - interp_lat) * lat_to_meters).”2 ...
+ ((kalman_lon - interp_lon) * 10n_t0_meter5}.“2});|
end

clear;
clc;
format compact;

% Az alapadatok mappaja

data_folder = 'datas’;

folders = dir(data_folder);

folders = folders([folders.isdir]); % Csak a mappdk kivdlasztédsa

for folder_idx = 1l:length{folders)
folder_name = folders(folder_idx).name;

% Skip "." and ".."

if strcmp(folder _name, '.') || strcmp(folder_name, '..")
continue;

end

% Az aktudlis mappa elérési dtja
current_folder = fullfile(data_folder, folder_name);

% Eredmények mappa és fajlok ellendrzése

results_folder = fullfile('results', folder_name);

optimal_params_file = fullfile(results_folder, ‘optimal_params.mat’');
error_improvements_file = fullfile(results_folder, 'error_improvements.mat');
error_plots_file = fullfile(results_folder, 'error_plots.mat'};

% Ha az Osszes eredményfajl mar létezik, ugorjon a kdvetkezd mappara

if isfile(optimal_params_file) &% isfile(error_improvements_file) && isfile(error_plots_file)
disp([folder_name, ' mappan mar végrehajtott optimalizédléds van, és yan hiba file.']);
continue;

end



gps_file = fullfile(current_folder, 'gps_data.mat');

cmd_wvel file = fullfile(current_folder, 'cmd_vel data.mat');
ground_truth_file = fullfile('results’, folder_name, 'ground_truth_gps.mat');
gps_tofilter_file = fullfile(current_folder, 'gps_tofilter.mat');

if isfile(gps_file) && isfile(cmd_vel_file) && isfile(ground_truth_file) &% isfile(gps_tofilter_file)
gps_data_loaded = load(gps_file);
cmd_vel_data_loaded = load(cmd_vel_file);
ground_truth_data = load(ground_truth_file);
gps_tofilter = load(gps_tofilter file);

% Extract relevant data

gps_data = gps_data_loaded.gps_data;

cmd_vel data = comd_vel data loaded.cmd_vel data;
interp_lat = ground_truth_data.ground_truth_gps lat;
interp_lon = ground_truth_data.ground_truth_gps_lon;

ref_latitude = gps_data(l).Llatitude;
ref_longitude = gps_data(1l).Longitude;

% Update GPS data with filtered values
for i = l:length(gps_data)
gps_data(i).latitude = gps_tofilter.gps_coordinates(i).Llatitude;
gps_data(i).longitude = gps_tofilter.gps_coordinates(i).Longitude;
end

% Original R and Q matrices
R_original = diag([5, 5]); % Lat, Lon
Q original = diag([@.1, 0.1, 8.01]); % X Y Theta

% PS0 Parameters

num_particles = 58;

num_iterations = 168;

1b = [©.81, 8.81, ©.8681, £.8001, 8.806801];
ub = [20, 20, 18, 18, 1];

options = optimoptions{ particleswarm , ...
'SwarmSize', num_particles, ...
'MaxIterations’, num_iterations,
'Display', ‘'iter',
‘InertiaRange’, [0.6, @.9], ...
'SelfAdjustmentWeight', 1.2, ...
‘SocialAdjustmentWeight’, 1.2);

optimal params = particleswarm{@(params) kalman_psoc objective(params, gps data, cmd_vel data,
interp_lat, interp_lon, ref_latitude, ref_longitude), 5, 1lb, ub, options);

% Extract optimized R and Q matrices
optimal R = diag([optimal_params(1l), optimal params(2)]);
optimal_Q = diag([optimal_params(3), optimal_params(4), optimal_params(5)]);

% Run original Kalman filter
[orig_kalman_lat, orig kalman_lon] = run_kalman_filter(gps_data, cmd_wel data, R_original,
Q original, ref_latitude, ref_longitude);

% Run optimized Kalman filter
[opt_kalman_lat, opt_kalman_lon] = run_kalman_filter(gps_data, cmd_vel_data, optimal_R, optimal_Q,
ref_latitude, ref_longitude);

lat_to_meters = 111328;
lon_to_meters = 111328 * cosd(ref_latitude);

error_orig = sqrt((({orig_kalman_lat - interp_lat) * lat_to_meters).”2 + ((orig_kalman_lon - interp_lon)
* lon_to_meters).*2);

error_opt = sqrt(((opt_kalman_lat - interp_lat) * lat_to_meters).”2 + ((opt_kalman_lon - interp_lon) ...
* lon_to_meters).*2);



#% Calculate error metrics

ame_original = mean(error_orig);
rmse_original = sgrt(mean(error_orig .* 2});
ame_optimized = mean(error_opt);
rmse_optimized = sgrt{mean(error_opt ." 2));

% Calculate improvements
improvement_ame = 180 * (ame_original - ame_optimized) / ame_original;
improvement_rmse = 108 * (rmse_original - rmse_optimized) / rmse_original;

error_orig_x = (orig_kalman_lat - interp_lat) * lat_to_meters;
error_orig_y = (orig_kalman_lon - interp_lon) * lon_to_meters;
error_opt_x = (opt_kalman_lat - interp_lat) * lat_to_meters;
error_opt_y = (opt_kalman_lon - interp_lon) * lon_to_meters;

if ~exist(results_folder, 'dir’)
mkdir{results_folder);
end

save(optimal_params_file, 'optimal_params', 'R_original’, 'Q_original', 'optimal_R', 'optimal_Q°,
‘orig_kalman_lat', ‘orig kalman_lon’, ‘opt_kalman_lat', 'opt_kalman_lon’);

save(error_improvements_file, 'ame_original', 'rmse_original', 'ame_optimized', 'rmse_optimized’,
‘improvement_ame’, 'improvement_rmse’);

save(error_plots_file, 'error_orig_x', 'error_orig_y', 'error_opt_x', 'error_opt_y');

fprintf( Results saved for folder: %s\n', folder_name);
else
disp(['Skipping ', folder_name, ' as it does not contain all required files.']);
end
end



