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ABSTRACT

This project is a study, design, and simulation on building a Differential Drive
LiDAR Robot, a 2-wheels based system. LiDAR sensor is used to obtain information on
the surrounding environment and map it using the Simultaneous Localization and
Mapping (SLAM) method with the MatLab program. The Probabilistic Roadmaps (PRM)
algorithm is performed to find the shortest path from beginning to the destination.
Pure Pursuit Controller is used to controlling the robot along the path with Motor
Controller controlling the voltage of the motors and PID Controller to correct the
control function of the system and in case of disturbance signals. The goal of this
project is for the robot to move to the destination point via the shortest path available,
and to study the behavior of the robot when moving to the destination under

disturbance signals conditions.
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Specifications

Operating supply voltage*

5VDC*5%

Light source

Semiconductor Laser Diode(A=785nm)

Laser safety

IECE0825-1 Class 1

Current consumption

400mA or less (Rush current 1A)

Detection distance

120mm ~ 3,500mm

Interface

3.3V USART (230,400 bps)
42bytes per 6 degrees, Full Duplex option.

Ambient Light Resistance

10,000 1ux or less

Sampling Rate

1.8kHz

Dimensions

69.5(W) X 95.5(D) X 39.5(H)mm

Mass Under 125g

* Target : white paper (Lambertian reflectance = 80%)
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2.5.1 Matlab
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2.5.2  Simulink

Simutink — (Jugendwasivinnueguy  Matlab  T4lunisdraesuuuma
adlnmansiegunm atuayuiaiedlioaiiauuudiass Msdeuluy  uaziaiesilodniy
PR VARG AuansnsavhuuuTaesisgun s unsuieransfinIseenuUY
NeLARYeSEUUMIA I tidntes  Tufio  Simulink  Ansiofugldriumis
sunm ui3e GUI (Graphic User Interface) Tunsasslaozunsumesuuudians uenaintu
Simulink Ssusznouselavnivdeniiuguuasiuguamzayin  feszuudadu(linear
System) sruulsiiBaduNonlinear System) szuuLIasieies(Continuous-time) s¢UUT
nmLLUULLszﬁQ(Sample time) s¥uulauia (Hybrid) Simulink aﬁfuauumsm?{auwm
Amsfwosldvusiifdudouwuusruveg  shlisufunisvsundasiiiatuléiud
Jrogls filvu egls Aunuudmesszuureast anvhe Simulink aansaideusedeyaiy
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VRdeventroller - Simulink academic use
FORMAT

SIMULATION MODELING
™S Open ~ [OE Stop Time oy -
0o (5] ol | = soefme Ime__ @& b %
New & S22 = Library Signal TilNomd <] o Step  Stop Data Logic Bird's-Eye T
~ S Print v  Browser swe Table 5@ Fast Restart Back v = Forward Inspector Analyzer Scope
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS Iy
VRdevontroller
[P vRdcvontroller hd
£
o
=
=
»  VoltageR
=l
O
Disturbance Sensor noise
»  vRout I
PID(Z) Voltage
Desired Velocit .
Y Discrete PID Controller DC/Motar
J_LL[ Measured speed
A-D
7] Converter
5]
»
Ready 150% odeds

SUT 2.19 uanslusunsy Simulink
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Send
18:22:47.521 ->»> 125 13072 200 -
18:22:47.723 -> 103 15€64 200
18:22:47.924 -> 0 €709 199
18:22:48.331 -> 0 7014 200
18:22:48.535 -> 94 10487 199
18:22:48.706 -> 94 10420 148
18:22:48.906 -> 93 12786 200
18:22:49.306 -> 99 12583 200
15:22:48.511 ->» 101 13548 200
18:22:45.713 -> 110 13463 199
18:22:49.918 -> 157 12011 200
18:22:50.322 -> 210 841 198
18:22:50.525 -
18:22:50.731 -
18:22:50.935
18:22:51.341
15:22:51.54¢6 -~
18:22:51.71& ->
18:22:51.91% ->
18:22:52.325 ->
18:22:52.526 ->
18:22:52.728 ->
18:22:52.934 ->
18:22:53.342 ->
18:22:53.544 ->
15:22:53.748 -» 202 §355 200 ~
[] Autoscroll [] Show timestamp Moline ending | | 115200baud ~ Clear output

JUN 3.3 1Aa8381UAIN LIDAR lagdfilafe seeenne A1mnuiuuas wag Lanauny

3.1.2 widun1e uazausIvassaeldlunsis
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4
[

NEUNdUNgn lng PRM
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wumusaulaely Pure Pursuit

|
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3.2 Wausanawas

3.2.1  N15E519BANNT1aB9FINAVINNINANINLINA DN

TUsN5UR 3.1 @IUVDINITASINAUNIINITAROUT AS1UAUNIINTITARDUNLNDIASDBUR

ARlUIRIIRNN L HBTTIUNITAITIILNUND19DY TSR AUANAR UM UIIAS

path = [1 16; 15 16; 16 15; 15 14; 1.5 14; 1.5 1; 10 1; 10 6; 7.5 6; 7.5 3.5; 4.5 3.5;
459;109; 10 11.5; 125 11.5; 125 1.5; 16 1.5; 16 11];

TUswnsud 3.2 fards LidarWalkwalk dslaanuitendu Lidarwalkwalk @aduiladdusnans
NSLARDUNAULEUNNAINUA LIV A ULAZ AN UAN NN A BUAS 199N UL T UKL 18095

AR

LidarWalkwalk(diffDrive,controller,initPose,goal,refmap,refmap1,refFigure,mapFigur

e lidar)

322  ahaduneiiduiigalagld PRM

TUsnsuf 3.3 @UVDINISVPIEAINNVI FHINTY inflate WilaVITlREIAAUINT LUK

Tassdivunlngdu e ldlvsasudsnluimdlnddennuansauiuly

inflate(map,0.8);

TUsunsun 3.4 druvesnisaiiaduniadiossyganung Senldauilendu PRM wialdanu

JuRawIs PRM lagfinvungaisuaulazanving
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planner = robotics.PRM(map);
startPoint = [1, 17];

goalPoint = [16, 11];

3.2.3  Auuiiauisndaely

TWUswnsud 3.5 duvasnismenusindgasldlunisiedoun Sanldnasdu PurePursuite wile

AUIUNNALS IRl T LA LN

controller = PurePursuite;

3.2.4  AIUANNDNDS KATIAAIANSINUBIMBIINIATS

Tusunsudl 3.6 druwein1snIvAuNeImes wazinaiausiuanesvilaase ddldau
TUsunsu Simulink Aaguil 3.6 waggun 3.7 TWswnsuvaulaenssumausidunmdi
wudldiauan PID wlasmanusidunssiulviiiiedsliuames antuinaiaims,

flsanueweseanunluanuitedine

simOutL=sim('VLdcvontroller.slx’);

simOutR=sim('VRdcvontroller.slx");

3.2.5  N1TIAIAMURANATNA

dsrnmnuduednanaululiiiniuau PID WerwIuinteRanaIndLinaINn

=

Torque Disturbance, ANAINTDINBLADT LATAIAIURANAIAYDUIWLDT AIFUN 3.6 UazgU
3.7
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fpauAu PID azUsuuiAIANUSITaAEA A URANALATES

wsssiulnilumuauuam sl

¥y

p  VoltageL

_N

» Disturbancel

oltage

DC Motor

Disturbance
Desired Velocit -
<Yy ‘ Discrete PID Controller
A-D
Converter

Measured speed

g‘dﬁ 3.6 LUswNsy Simulink 'VLdcvontroller.slx!

|

vy

.-] vLout I

]

Disturbance

VoltageR

h 4

Voltage - T
Desired Velocit .
! v Discrete PID Controller DC Motor
J_LL Measured speed
A-D
Converter

;s‘lJ‘ﬁ 3.7 TUswnsy Simulink 'VRdcvontroller.slx'

=i vRout l
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3.2.7 NSNAANIIN

TUsunsufl 3.7 druvesnmsndennsi THeAdu figure wag plot iilendannsinsyninadiuus

2 ks foLan

figure(1)

plot(Timmy,Error VL,'r-", Timmy,Error_VR,'b-);
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Robot Visualization
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% robot
R = Wheel radius [m]

L = Wheelbase [m]

% Motor Constant

b = damping
J = inertia
K = back EMF

Re = Resistance

Le = inductance

% time

sampleTime
TotalTime

tVec = Time array
initPose = Initial pose

Timmy = 1381919%uA in array



% map
startPoint

goalPoint

% pose

pose = pose PurePursuit
pose2 = pose waypoints
pose3 = pose after controlling
posed = transpose(waypoints)

pose5 = interp2(x, y, posed, xq, yq) %change array from poses

r = robotics.Rate(1/sampleTime)

% velocity PurePursuit

vRef = reference Linear velocities

wRef = reference Angular velocities

wL = desired left wheel Angular velocities
wR = desired right wheel Angular velocities
v_desired = desired Linear velocities
w_desired = desired Angular velocities
velB = desired Body velocities %[vx;vy;w]

vel desired = desired Body velocities to desire world velocities
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wWLH = tAuan wi
WRH = 1Au@1 wR

vRefH = LAUAT VRef

% motor
vLH = 1AuA1 desired left wheel Linear velocities

VRH = Lfiuen desired richt wheel Linear velocities

vLin = desired left wheel Linear velocities input
VRin = desired right wheel Linear velocities input
vLout = actual left wheel Linear velocities output

vRout = actual right wheel Linear velocities output

% velocity motor
wlLout = actual left wheel Angular velocities output

wRout = actual right wheel Angular velocities output

v = actual Linear velocities
w = actual Angular velocities
velC = actual Body velocities %[vx;vy;w]

vel = actual Body velocities to actual world velocities

%error

error_distance = error distance between pose waypoints and pose after controlling
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Re=1;

%Lidar
LIDARfinal;

% Define Vehicle

close all;

clearvars;

R=0.1; % Wheel radius [m]
L =0.5 % Wheelbase [m]

% Motor Constant

b=0.1;

%damping

J=0.01; %inertia
K=0.01; %back EMF

%Resistance

Le=0.5; %inductance

%Define Map

testmap=imread('‘complex1.omp’);

%Path planning using PRM

% Inflate the map
testmapO=imread('complex.bmp));
graymap=rgb2gray(testmap0);
graymap2=~graymap;
map=robotics.BinaryOccupancyGrid(graymap2,20);
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inflate(map,0.8);

imshow(graytestmap)

% Create a Probabilistic Road Map (PRM)
planner = robotics.PRM(map);
planner.NumNodes = 2000;

planner.ConnectionDistance = 3;

% Find a path from the start point to a specified goal point
startPoint = [1, 17];

goalPoint =[16, 11];

waypoints = findpath(planner,startPoint,goalPoint); % Astar Algorithm

show(planner)

%Pure Pursuit Controller

controller = PurePursuite;
controller.Waypoints = waypoints;
controller.LookaheadDistance = 0.6;
controller.DesiredLinearVelocity = 2;

controller.MaxAngularVelocity = 3;

%Create visualizer

map1=robotics.BinaryOccupancyGrid(graymap2,20); % Reload original (uninflated)
map for visualization

viz = Visualizer2D;

viz.hasWaypoints = true;

vizmapName = 'mapl’;

%Simulation Parameters
sampleTime = 0.1; % Sample time [s]
TotalTime = 50;

tVec = O:sampleTime:TotalTime; % Time array
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pose = initPose;
pose3 = initPose;
wlLH=0; wRH=0; vRefH=0;

r = robotics.Rate(1/sampleTime);

%Compute movement using PurePursuit

for idx = 2:numel(tVec)

% End path following if vehicle has reached goal position within tolerance of
LookaheadDistance
position = pose(:,idx-1);
currPose = position(1:2);
dist = norm(goalPoint-currPose);
if (dist < controller.LookaheadDistance)
break;

end

% Run the Pure Pursuit controller and convert output to wheel speeds
[VRef,wRef] = controller(pose(:,idx-1));
vRefH=[vRefH vRef];

wlL=1/R*(vRef-wRef*L/2); %inverseKinematics
wR=1/R*(vRef+wRef*L/2); %inverseKinematics
wLH=[wlLH wL]; %#0ok<AGROW>
wRH=[wWRH wR]; %#0ok<AGROW>

%Compute the velocities
v_desired=R/2*(wR+wL); %forwardKinematics

w_desired=R/L*(wR-wL); %forwardKinematics

velB = [v_desired;0;w_desired]; % Body velocities [vx;vy;w]

vel desired = bodyToWorld(velB,pose(:,idx-1)); % Convert from body to world
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% Perform forward discrete integration step

pose(;,idx) = pose(:,idx-1) + vel desired*sampleTime; %simulation

end

%Add Motor to Simulation
vLH=wWLH*R;
VRH=WRH*R;

Time=numel(vLH)*sampleTime-sampleTime;

Timecount=0:sampleTime:Time;

vLin=zeros(2,numel(vLH));
vLin(2,:)=vLH;
vLin(1,:)=(0:sampleTime:Time);

vLin=transpose(vLin); %v input left wheel

vRin=zeros(2,numel(vRH));
vRin(2,:)=vRH;
VRIn(1,:)=(0:sampleTime:Time);

vRin=transpose(VvRin); %v input right wheel

%VLdcvontroller;
%VRdcvontroller;
simOutL=sim('VLdcvontroller.slx");

simOutR=sim('"VRdcvontroller.slx’);

wlLout = vLout/R;

wRout = vRout/R;

v=R/2*(wRout+wlLout);
v=transpose(v);

w=R/L*(wRout-wLout);
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w=transpose(w);

%Simulate Movement after Motor was added

for idy = 2:numel(Timecount)

% End path following if vehicle has reached goal position within tolerance of
LookaheadDistance
position = pose3(;,idy-1)';
currPose = position(1:2);
dist = norm(goalPoint-currPose);
if (dist < controller.LookaheadDistance)
break;

end

velC = [v(;,idy-1);,0;w(;,idy-1)]; % Body velocities [vx;vy;w]
vel = bodyToWorld(velC,pose3(;,idy-1)); % Convert from body to world

% Perform forward discrete integration step

pose3(;,idy) = pose3(.idy-1) + vel*sampleTime; % simulation

% Update visualization
viz(pose(:,idy),waypoints)
waitfor(r);

end
%Velocity Error
Error VL = vLin(;,2)-vLout;

Error VR = VRin(:,2)-vRout;

%Distance Error

posed = transpose(waypoints);

% Interpolate
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[x, y] = meshgrid(1:size(posed,2), 1:size(posed,1));

[xg, yql = meshgrid(linspace(1, size(posed, 2), numel(Timecount)), linspace(1,
size(posed, 1), 2));

pose5 = interp2(x, y, posed, xqg, yq);

for idz = 2:numel(Timecount)

% Compute waypoint distance

poseX = pose5(1,idz)-pose5(1,idz-1); % x waypoint
poseY = pose5(2,idz)-pose5(2,idz-1); % y
poseTheta(3,idz) = atan(poseY/poseX);
pose2(1,idz-1) = pose5(1,idz-1);

pose2(2,idz-1) = pose5(2,idz-1);

pose2(3,idz-1) = poseTheta(3,idz-1); % waypoint

end
pose2(1,idz) = pose5(1,idz);
pose2(2,idz) = pose5(2,idz);
pose2(3,idz) = poseTheta(3,idz); %waypoint

error= pose2-pose3; % error distance
Displacementl=error(1,:).A2;
Displacement2=error(2,:).A2;
error_distance=sqrt(Displacement1+Displacement?2);

error_distance=transpose(error_distance);

Timmy=[0:sampleTime:Time];

Timmy=transpose(Timmy);

%figure

figure result;
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TUsunsuf 0.2 TWsunsy LIDARfinal @319uaufisnassann LIDAR

testmap=imread('complex1.omp’);
graytestmap=rgb2gray(testmap);
graytestmap=~graytestmap;
refmap=robotics.BinaryOccupancyGrid(graytestmap,20);
refFigure = figure('Name','complex1.bomp?);

show(refmap);

testmapl=imread('blankmap.bmp”);
graymapl=rgb2gray(testmapl);
graymapl=~graymapl;
refmap1=robotics.BinaryOccupancyGrid(graymap1,20);
mapFigure = figure('Name','blankmap.bmp’);

show(refmap1);

diffDrive = differentialDriveKinematics("Vehiclelnputs","VehicleSpeedHeadingRate");
controller =
controllerPurePursuit('DesiredLinearVelocity',2,'MaxAngularVelocity',4,'LookaheadDi

stance',0.6);

lidar = rangeSensor;

lidar.Range = [0,10];

path = [1 16; 15 16; 16 15; 15 14; 1.5 14, 1.5 1; 10 1; 10 6; 7.5 6; 7.5 3.5; 4.5 3.5;
459;109; 10 11.5; 125 11.5; 12.5 1.5; 16 1.5; 16 11];

figure(refFigure);

hold on
plot(path(:,1),path(:,2), 'o-);
hold off

sampleTime = 0.05; % Sample time [s]
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tVec = 0:sampleTime:50; % Time array

controller.Waypoints = path;

initPose = [1;16;0];

goal = [path(end,1) path(end,2)];

pose = zeros(3,numel(tVec)); % Pose matrix

pose(;,1) = initPose;

LidarWalkwalk(diffDrive,controller,initPose,goal,refmap,refmap1,refFigure,mapFigur

e lidar)

Tusunsudi n.3 TWsunsu fisure result wéannswnsa TUsunsud n.1 Tusunsy
Differential_LiDAR Robot

figure(1)

plot(Timmy,Error VL,'r--, Timmy,Error _VR,'b-";

axis([0 Timmy(end) -3 +3]),

legend('Error Velocity Left Wheel','Error Velocity Right Wheel'),
title('Error Velocities');

xlabel('time [s]);

ylabel(‘velocities [m/s]);

grid on

figure(2)
plot(Timmy,transpose(vRefH), r--', Timmy,transpose(v), b-";
axis([0 Timmy(end) 0 +3]);

legend('Reference Velocity', Measured Velocity"),
title('Robot velocities');

xlabel('time [s]);

ylabel('velocities [m/s]);

grid on
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figure(3)

subplot(2,1,1)

plot(Timmy,Voltagel,'r--', Timmy,VoltageR,'b-);
axis([0 Timmy(end) -10 180]);

grid

title('Voltage);

legend('Left Voltage','Right Voltage"),
xlabel('time [s]);

ylabel('Voltage [V]);

grid on

subplot(2,1,2)
plot(Timmy,Disturbancel.,'b-);
axis([0 Timmy(end) -0.5 0.5));
grid

title('Torque Disturbance’);
xlabel('time [s]);
ylabel('Torque [N.m]);

grid on

figure(4)

plot(Timmy,error_distance);

axis([0 Timmy(end) 0 8]);

grid

title('Distance Error Between Desired Path and Actual Path");
xlabel('time [s]);

ylabel(‘error [m]);

TUsunsuil n.4 flefdu LidarWalkwalk A5t LIDAR 3saa Path
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function LidarWalkwalk(diffDrive,ppControl,initPose,goal,map1,map2,figl,fig2,lidar)
sampleTime = 0.05; % Sample time [s]

t = 0:sampleTime:100; % Time array

poses = zeros(3,numel(t)); % Pose matrix

poses(:,1) = initPose’;

%set rate to iterate at

r = rateControl(1/sampleTime);

% Get the axes from the figures
ax1 = figl.CurrentAxes;
ax2 = fig2.CurrentAxes;

for idx = 1:numel(t)
position = poses(:,idx)’;

currPose = position(1:2);

% End path following if vehicle has reached goal position within tolerance of
0.2m
dist = norm(goal'-currPose);
if (dist < .2)
disp("Goal position reached")
break;

end

% Update map by taking sensor measurements

figure(2)

[ranges, angles] = lidar(position, map1);

scan = lidarScan(ranges,angles);

validScan = removelnvalidData(scan, RangeLimits',[0,lidar.Range(2)]);
insertRay(map2,position,validScan,lidar.Range(2));

show(map2);




49

% Run the Pure Pursuit controller and convert output to wheel speeds

[VRef,wRef] = ppControl(poses(:,idx));

% Perform forward discrete integration step
vel = derivative(diffDrive, poses(:,idx), [vRef wRef]);

poses(:,idx+1) = poses(:,idx) + vel*sampleTime;

% Update visualization
plotTrvec = [poses(1:2, idx+1); 0J;
plotRot = axang2quat([0 0 1 poses(3, idx+1)]);

% Delete image of the last robot to prevent displaying multiple robots
if idx > 1

items = get(ax1, 'Children’);

delete(items(1));

end

% Plot robot onto known map

plotTransforms(plotTrvec', plotRot, 'MeshFilePath', 'sroundvehicle.stl', 'View',

'2D', 'FrameSize', 1, 'Parent’, ax1);

% Plot robot on new map

plotTransforms(plotTrvec', plotRot, 'MeshFilePath', 'sroundvehicle.stl', 'View',

'2D', 'FrameSize', 1, 'Parent’, ax2);

% Wait to iterate at the proper rate

waitfor(r);

end

end
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U

function velW = bodyToWorld(velB,pose)

% BODYTOWORLD Converts a 2D velocity input velB = [vx;vy;w] from body
% (vehicle) coordinates to world (global) coordinates.

%

% vx = Linear velocity in x-direction (longitudinal)

% vy = Linear velocity in y-direction (lateral)

% w = Angular velocity (about z-axis)

%

% Copyright 2018 The MathWorks, Inc.

theta = pose(3);
velW = [cos(theta) -sin(theta) 0; sin(theta) cos(theta) 0;0 0 1]*velB;

end
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