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ABSTRAK

Penyelidikan projek ini menumpukan pada mereka dan menghasilkan robot bergerak
sebagai platform rig pengujian untuk menjalankan proses penyetempatan dan navigasi
kendiri. Robot akan dipasang dengan Sistem Operasi Robot (ROS), yang merupakan pakej
yang merangkumi simpul -RQS? independent library ROS, set data, fail konfigurasi, dan apa
sahaja yang secara logik melakukan modul praktikal untuk penyetempatan dan navigasi.
Konsep sistqr_h pengangkutan yang tidak terkira banyaknya dalam  industri semasa
kebanyakannya tetap dansukar diganti. Keperluan untuk sistem pengangkutan yang
fleksibel sangat penting-dalam. meningkatkan kecekapan industri dan syarikat untuk
menangani sistem péngangkutan barang mereka. Idea dengan menggunakan paket ROS,
Adaptive Monte Carlo. Localization (AMCL) dalam ‘melakukar Penyetempatan dan
Navigasi Serentak (SLAM) dan memperbaiki sistem navigasi dan penyetempatan robot
bergerak yang digunak.an untuk mengétasi masalah sistem pengangkutan industri. Badan rig
pengujian robot bergerak akan membuat fabrikasi menggunakan pencetak 3 dimensi
menggunakan bahan plastik polylactic acid (PLA) standard. Ia dilampirkan dengan
Raspberry Pi 4, sebagai komputer mini utama untuk mengintegrasikan semua algoritma
ROS untuk mengawal pergerakan robot, menghasilkan pemetaan, dan membaca pelbagai
input data sensor. Fasa terakhir dalam projek ini akan dinilai dalam bab metodologi dengan
membuat percubaan untuk mengendalikan robot mudah alih menggunakan perisian RViz
yang dijalankan dalam Sistem Operasi Linux untuk robot mudah alih yang melakukan
proses pergerakan dari lokasi ke lokasi lain yang dikehendaki menggunakan
penyetempatan kendiri dan konsep navigasi. Hasil projek ini menunjukkan semua objektif
tercapai kerana robot mudah alih menunjukkan prestasi yang baik dalam menunjukkan

ketepatan yang tinggi dalam pemetaan dan melakukan proses pergerakan.



ABSTRACT

This project research focuses on designing and developing a mobile robot as a testing
rig platform to carry out self-localization and navigation processes. The robot will be
installed with Robot Operating System (ROS), which is a package that includes ROS nodes,
a ROS-independent, library, a dataset, configuration files, and anything else that logically
does a practical module for locﬁlization and navigation. Innumerable transportation system
concept in theffrcurrent industry m{;stiy is fixed and difficult to be alternate. The necessitate
for a new flexible transportation system is very essential in increasing industry and company
efficiency to handle transportation systems for their goods. An idea by using ROS package,
Adaptive Monte Carlo Leealization (AMCL) in performing Simultaneous Localization and
Navigation (SLAM) and. improving the mobile-robot's navigation and localization system
used for resorting to industry transportation system problems. The mobile robot testing rig
body will fabricate using a 3-dimension printer us'ing.the standard polylactic acid (PLA)
plastic material. It is attached with Raspberry Pi 4, as the main minicomputer to integrate all
the ROS algorithms to control therobot movement, generate mapping, and read the various
sensor data input The last phase in this project will be evaluated in the methodology
chapter by experimenting to operate the mobile robot using the RViz software running in
Linux Operating System for the mobile robot performing movement process from a
location to another desired location using self-localization and navigation concept. The
result of this project shows all the objectives are achieved as the mobile robot is performing

well in showing high accuracy in mapping and performing movement processes.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Robot localizatio_ﬁ and névigation denotes the robot's ability to establish its position and
do the orientation of movement within the unknown environment. This project's main point
is to study similar research-and perfbmi robot localization and navigation. Robot navigation
refers to the process of robot moving from the starting point to the target point. During this
period, the robot determines its position according to the saved map and lidar, and then plans
out the optimal path according to.its own position and preset target point. Finally, the robot

moves to the target point roughly‘according:to this path.

Path planning is divided into global planning and local planning according to the scope
of action. Local planning is to plan the specific moving speed of the robot according to the
local target points and the environmental information obtained by the radar. Robot Operating
System (ROS) is a package includes ROS nodes, a ROS-independent library, a dataset,
configuration files, and anything else that logically does a practical module for localization.
There are lot of others ROS package that free access to anybody that can be utilized if we
have the right knowledge and good effort. Mobile robot navigation technology is now
increase rapidly with the technology of 2D/3D mapping. Many studies have been done on
the implementation of 2D/3D SLAM to determine the goal position respect to the current
position of the robot in an area that has not been recognized previously. This research is
determined to improving transportation concept system by implementing IR 4.0 for

transporting system widely in our industry.



1.2 Problem Statement

Mostly in our current transportation system in industry are not flexible as they tend to be
fix and cannot be manipulate or adjusted. In industry sector, people tend to have a carrier
system in transporting their goods. Commonly these company will manually transfer and
move their components using machinery or in intermediate company, they will
transportation system such AGV. The problem came out when the need of changing of
factory layout or transportation process. For this old manual transportation method, there
will be need huge, fixed cost needed for creating new layout for their industry. In addition,
for the AGV and similar sort of this transportation device, they demand for landmark as line
guidance, barcode and others figure for performing their movement process to lead them in
their path. For that, this study was needed to build and autonomous mobile platform testing
rig for position localization a_nalysis in assisting all the stated problem to make in a safer and

efficiently.

This research will inquiry the efficiency of a Simultaneous Localization and Mapping
(SLAM) based of robot model which are implemented in Robot Operating System (ROS) by
measuring how fhe‘ robot-travel-to-reach their destination set by the operators need to be
optimized. Much research from others study stated ROS algorithm that used in autonomous
mobile robot platform for localization tend to have shortage:and error which become problem

for the autonomous mobile robot,

There are many resources needed for completing this task to achieve and meet the
localization systems, that allow a robot to locate itself, whether there is a static map available
or simultaneous localization and mapping is required. We can use different sensors like
LIDAR, RGB-D camera, inertial measurement units (IMU) and sonar to give the sensing
power. By using these sensors and mapping algorithms a robot can create a map of the
surroundings and locate itself inside the map (Guimaraes et al., 2016). The robot will be
continuously checking the environment for the any environment changes that could

happened.

Mobile robot navigation technology is now increase rapidly with the technology of

2D/3D mapping. Many studies have been done on the implementation of 2D/3D SLAM to



determine the goal position respect to the current position of the robot in an area that has not
been recognized previously. We need this mobile platform testing rig robot that enable
operators to plan outages more precisely and more efficient. This increases the availability
of facilities and makes them more profitable, as well as boosting the safety of people and the

environment which eliminate human entry in (Priyandoko et al., 2017).

1.3 Objectives

The objectives are as follows:

(a) To develop a mobile robot platform testing rig programming framework and
control in Robot Operating System (ROS).

(b) To perforny data collection from the surrounding environment in creating
‘mapping through Simultaneous Localization and Mapping (SLAM) process.

(c) . To analyze the behévior of the mobile robot when moving from a position to

an input desired position.

1.4 Scope

This project limitation is to fabricate the mobile robot platform with the dimension size
of 45 cm in width from 3D printer process by standard Polylactide Acid (PLA) material
using differential drive locomotive method with additional caster wheel. The Robot
Operating System ROS used is Adaptive Monte Carlo Localization (AMCL) package for the
Simultaneous Localization and Mapping (SLAM) process which installed in the
microcomputer board of Jetson Xavier NX. Dual shaft brush DC motor will be used at both
side tire powered with 24-volt Li-Po battery and controlled by Odrive V2.6 board for the
movement speed and rotation. Odometry encoder sensor will be utilize increasing accuracy
in rotation motor shaft while maneuver by Light Detection and Ranging (LiDAR) sensor to
detect the surrounding environment. The speed of this mobile robot platform is determined

to be as 0.5 meter per second.



1.5 Summary

This section provides an overview of the research that has led up to the development of
the mobile robot. An aim and problem statement that are specific, observable, and attainable
are defined. Finally, the project's scope is specified, and the report's structure is constructed

to illustrate the report's flow in each of its sections.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter discusses literature of how others journal and study on navigation of mobile

studies that is relate to this topic’ eveloping and design the mobile platform robot such
using the mapping, localization, b planning, Simultaneous Localization and Mapping
(SLAM) and -the robot -operating- system (ROS). The needs of various sensor in the
development 0? 1S project as laser sensor; odemetry sensor and kinetic sensor is also being
discussed in this chapl;er

NB‘\.‘ \.«.w.«.\ﬂ lk:_=3.~:.-‘2.~ w .—-Mai
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Figure 2.1: Navigation Stack (Guimardes et al., 2016)



Figure 2.1 shows the system overview of the navigation stack in the autonomous
navigation system to operate. All the items block stated in this figure will be explain and

analyze one by one in this sub chapter.

2.2 Autonomous Navigation Technologies

Autonomous navigation for a robot is achieved when the robot could do a moving task
by its own by using mapping the environment process and plotting the odometry process
(Akash et al., 2019). These two applications are important as a particle filtering algorithm
which will resulting in Simultaneous Navigation and Mapping (SLAM) to work for the
robot. Akash et al., _(201-.9),sa?id, by only use this filtering algorithm assist the robot to find
the moveable way and path for ﬁ_oving to the input pesition inserted while avoid collision

on surrounding;
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Figure 2.2: Autonomous Navigation Flow Chart (Akash et al., 2019)

=)



The flow chart in figure 2.2 shows how the sequence process for the autonomous
navigation process. As stated, the process starts by identifying surrounded object using
attached sensor until then it could create mapping for localization process. Next process by
undergoing algorithm filtering to process the input and output using the ROS libraries to

move to the desired position.

2.2.1 Extended Kalman Filter (EKF)

In assisting local localization system process to works, EKF is used to help to operate
in higher frequency to fuse the different sensors data obtained combined with odometry
measures sensors. Robot logalization package provided by ROS implement the EKF for use
in this autonomous navigatiéh application by developing such 2D mode concept,
environment parameters as frequency and sensor timeout for tuning process(Valera et al.,

2021).

The problems occurs when integration process of parts ‘and the software
implementation during ‘Autoiomots navigation which'is ‘errot in the odometry calculation.
Koseoglu et al., (2017) stated that odometry caleulation in the navigation algorithm was just
based on encoder ticks which resulting all the odometrical calculations were made through
position change of motor shaft data obtained when the movement occurs. So, the solution to
overcome this errors and to increase the accuracy for the odometry calculation to get more
reliable, the Extended Kalman Filter (EKF) are used to fuse all the data obtain and solve the
problem (K&seoglu et al., 2017). Figure 2.3 below shows an example how graph when

plotting position using EKF concept.
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Figure 2.3: Estimates and positionmeasurements using EKF (Akash et al., 2019)

2.2.2  Adaptive Monte Carlo Localization (AMCL)
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Figure 2.4: Monte Carlo flow chart (Wang et al., 2019)
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Figure 2.4 shows the flow chart on how Adaptive Monte Carlo (AMCL) system
proses works. AMCL is a same concept as EKF where is a tool for the robot in locate its
position in the real-ﬁme at the environment through a static map or a previously created map
(Guimaraes et al.,, 2016). It is a localization system where is based on Monte Carlo
localization approach obtained on the ROS libraries system. AMCL works as representing
the robot possible locations by randomly distributes particle in a known generated or given

map, so the particle filter used could determine the actual location for the robot pose.

Guimaraes et al., (2016) discover that an anonymous navigation robot could not
works greatly without using the AMCL system. He stated that the robot will get lost easily
when using gmapping only without AMCL that will cause affect when odometry errors
occurs. When the gmapping bases its mapping and localization, the odometry errors make
the system confused but ifthe mapping created by gmapping and deliver to the AMCL node,

it will trust the map and adapts 6 the odemeiry errors which resulting for a better result.

As mentioned earlicr, the conéept used is similar with EKF which these two-system
assisting the robot in'Simultaneous Localization and mapping (SLAM) process throughout
interpreting the data to increase the robot aceuracy by tracking the position and overcome

the odometry problem caused whén the robots tire starts to-slip.

2.2.3 AGY Line guidance

Apart from autonomous mobile robot that using the ROS navigation such EKF and
AMCL that used sensors to navigate an environment for movement, Autonomous Guided
Vehicle (AGV) is a programmed robot that use a physical guidance to navigate in a pre-
defined environment through on a pre-defined path (Késeoglu et al., 2017). Nowadays, AGV
robot are frequently being used in the industry as a movement mechanism for their product

because its suitable in performing a repetitive task and a specific designed task.



AGV robots are typically used in transportation of raw-materials, finished goods, and
work-in-process in a manufacturing production line in the industry. Combination of software
and sensor-based guidance system are used in the AGV to move on a predictable and the set
path with precisely controlling its acceleration and deceleration. There are several examples
of guidance used by the AGV such floor-surfaced mounted magnetic tape and bars, optical

sensors, lasers, and magnetic based inertial guidance.

Figure 2.SLA(}YMrolzq_tH\yit]_},__floor-suffarcgd }puﬁhteg-_magnetjf:rtap)e (Kfjs_edg!y etal., 2017)

INIVERSITI TEKNIKAL MALAYSIA MELAK

Figure 2. 5 above shows example of a AGV floor- surfaced mounted magnetlc tape robot
used in an industry. The problem for AGV is its works according to a preset systems and
processes only which resulting difficulty when a need of sudden rapid changed. As summary,

the inexecution of dynamically changing tasks is the main disadvantage for the AGV robot.

2.3 ROS Navigation Concept

ROS or Robot Operating System is a set of package resources that capable for a robot to
perform a movement and navigation through an identified or unidentified environment. This

set of system assist the robot for undergoes process such planning, tracking, sensing, and

10



mapping a path while deviates from surround obstacle that lay on its path of movement

(Guimaraes et al., 2016).

2.3.1 Navigation Stack

Navigation stack is a package that can be retrieve from the ROS navigation system
which is crucial for mobile robots to move from a place to another reliably (Zheng, 2017).
Zheng stated that the navigation stack’s job is to create safe path for the robot to move
preventing any obstacle by processing the data obtained from the sensors, odometry and the
environment mapping created. All these inputs will be tune based on the desired set
parameters which will need lot of work to obtain the maximum results in comply the required

robot movement process.

Guimaraes et al., (2016) ‘study shows that localization system /is one of many
resources that present in navigation stack to do planning and following path while deviates
from any obslécle, appeared-on-the-robot’s path. This localization systems are the same as
mentioned in autonomous navigation sub-chapter as the EKF and AMCL where works to
allow the robot for-focating-its real fime position-when there.are given static mapping or a

previously created map from the environment.

There are several problems being highlighted by the author, where when the static
map is used, all the environment around the robot cannot have any change or modification.
This is because of for every change, a new map will be needed to regenerate and would
consume extra time and effort. The solution given is to bypass the lack flexibility of static
map by adding two others more localization systems which are gmapping and
hector_mappping. This two tools system could be retrieved also from the navigation stack
package and could assists by applying a technique that combining process mapping of the
environment while at the same time moving the robot. It means while the robot navigate to
face a new environment, it gather all the needed data information from the surrounding

through its sensor and generate a map at the same time (Guimaraes et al., 2016).

11



2.3.2 Transform Frames (TF)

Transform frames or stated as “tf” is a tool offered by ROS navigation which preform
in adjusting or recalibrate the sensor position in relation of the robot’s body adequate the
measurement of the robot navigation (Guimaries et al., 2016). To generate a mapping for a
robot, as mentioned we need to use various of sensor. There is one indispensable data that is
crucial to sense the distance travel for the robot and serve as the reference which named
odometry sensor. Before the odometry sensor could be used, its need to be adjusted and tuned
before can be operate by the robot. The author finds that there will need adjustment for the
sensor because the sensor measures the environment in relation to itself, not in the relation

to the robot’s body. There will need be a geometric conversion for solving this issue.

Jusuf (20_16) Stated ‘.that, when used the navigation stack, we need to know the
position of each sensor, all joints and each wheel using the “tf” for understanding the relation
between the whole robot frame coﬁslrainl with the robot’ssposition. This shows that Jusuf
and Guimaraes-have the same 1dea and coneept in assiting the navigation stack to generate

mapping for the fobal;s.

There is, a author define that stated position vector and quartenion decribes the
concept of the “tf”" to transform data to show the real positidn and posture between two object
of sensor position and the robot’s body (Li & Mei, 2018). Figure 2.6 below shows direction
and location of robot can be calculated in x,y direction and its angle. The authors also stated

that to get the exactly position of the robots, odometry can be calculate using this formular.

X=[dX = [ (Vecos8 —vysinf)dt
Y = [dY = [ (Vysin8 + vy cos B)dt
0= [do = [wdt

12
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Figure 2.6: Odometry calculate figure (Li & Mei, 2018)

233 Odométry Source

As mentioned in earliest sub chapter, odometry sources being used in the navigation
stack as a method iﬁ &etennining the momentary position of a robot. Odometry source is tool
to retrieve the-data frem-edemetry-sensors.as-input.to be tune and combine with sensor
transform “tf” in generate the local planner or mapping for the robot navigation path.
Odometry sources assist in providing easily accessible real-time positioning information for
the navigation stack algorithm system between periodic absolute position measurement
(Kdseoglu et al., 2017). Combined with Simultaneous Localization and Mapping (SLAM)
concept such Extended Kalman Filter (EKF) and Adaptive Monte Carlo Localization
(AMCL), odometry sources could counter the previous mentioned problem as the odometry
calculation was based on the change sensed in encoder tick from the odometry sensor which

in some cases, error occurs due to slip on the rotation of the robot’s wheels.
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2.3.4 Command (Base Controller)

Base controller can be defined as a block or a specific platform node to receive the
robot’s data such velocity data retrieve from sensor and convert it into motor commands for
the robot (Jusuf, 2016). This means the base controller is needed for the robot execute its

movement throughout the overall navigation stack. The sensor that used for determining the

robot velocity is the odometry sensor by calculate every rotation of the wheels.
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Figlre 2.7:-Base Controller System (Priyandoko et al., 2017)

Figure 2,7 shows-the flow chart process in the base, controller system where in this

ROS, the authors used LIDAR and KINECT as the sensor to transmit the signal to the base
controller in their research (Priyandoko et al., 2017). In others word, the base controller will
receive two type of input velocity from the sensors which are 3-axis linear velocity and 3-
axis angular velocity and then interpreted the data into two correspondence values of speed
where for left wheel and the right wheel. There are two wheels being used because the

researcher used Differential Mobile Robot (DMR) type which are the commonly being used.

This design of locomotive method will be explained later in next sub-chapter.
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2.3.1 Path Planning

In order to achieved a smooth motion for the robot movement with real-time
replanning system, path planner is an important element of research in the field of mobile
robots path planning in creating its global trajectory planners (Cybulski et al., 2019).
Basically, the path planning will begin as the robots start to move or to start making its own
new mapping for the environment as a dummy mapping. From the inserted dummy mapping,

the robot using SLAM algorithm will execute new real-time mapping while its move.

Safety consideration for the robot is another reason for path planning process. Wang
et al., (2019) said from the process, obstacle avoidance can be achieved to prevent any
damage on the robot body But as many researchers done the path planning process, there
are plenty 1mpr0vement needed in this theory and methods. For an autonomous robot
navigation, this system of path planning using autonomous positioning and navigation

technology is the basis needed.

Wang et al., (2019) also-stated that for improvement in the path planning process, he
used the ant celony algerithm in which-is-a heuristic intelligent path’ finding algorithm
stimulating ants foraging behavior so-the robot can s.earch its optimal path in the known
environment maﬁping. The flow ch'ari of the ant colony algorithm is Stated as figure 2.8

below:
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2.3.2 Global Path Planner and Local Path Planner

Global planner is a base of static map which being set up into the algorithm for the
robot to create path from the early start as the current robot position to the desired set position
destination point. Only after that, the local path planner will subscribe with the global planner
path plan and started to created its new mapping based on the robot’s kinematic and robot’s
sensor reading in order to achieve its goal moving to the desired location point (Cybulski et
al., 2019). The different between Global Path planner and Local Path planner is stated in the
table 2.1 below.
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Table 2.1: Difference between Global and Local Path (Cybulski et al., 2019)

Global Path Planning Local Path Planning
Map based Sensor-based system
Deliberative system Reactive system
Relatively slower response Fast response

the workspace area of the workspace area

Assume complete knowledge of | Assume incomplete knowledge

goal avoiding obstacles

Obtain a feasible path leading to | Follow path to the target while

To execute navigation stack process, global planner and local planner is needed.
Zheng, (2017) find i his?e*se_arch. there are three global planners that he basically used
which are car;-'_o.f;planner, navﬁl‘:‘ and global_planner. He stated that carrot planner is the
simplest one which operate in cﬁécking if the given goal is an obstacle, it will find an
alternative goal close to the original goal by moving along thesobot and the goal point vector.
So, this type of éiobql planner is not very accurate as the robot will only move closer to the
stated point. The next‘ global planner which is nayfn operate by using Dijkstra’s algorithm in
finding the global path while having the most minimuin cost betweén starfing point and the
end point of the robot path. While global planner is created for more flexible replacement
for navfn with added of more options. The author stated that the options are as toggling

quadratic approximation, support, and toggling grid path.

2.4 Sensors Type

Working with robots necessitates many sensors, and each operation must be done in
real time. We need a form of operating system that allows us to use sensors and actuators
that need to be modified every 10-50 milliseconds in order to use them (Kannan Megalingam

et al., 2018). From various of researcher study, many of author have used few common
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sensors in building their autonomous robot navigation such for Kannan said he used the
sensing power is provided by LIDAR, RGB-D camera, IMU and sonar to creating the
surrounding map for the environment. Newman et al., (2020) stated that a robot must be able
to feel and adapt to its surroundings to navigate without supervision. This method
necessitates the robot being fitted with the appropriate sensors and gaining situation

knowledge by real-time algorithms.

2.4.1 Laser Sensor

Laser sensor used to create the environment chart, but it is often used to detect and
clear complex obstacles (Valgra et al., 2021). Laser Measurement Systems (LMS) is a stand-
alone non-contact Iﬁeasuremmt'tdevice (NCSD) for industrial applications. Using infrared
laser rays, the _dévice scans the mu:foundings in two dimensions with a radial field of vision.
For evaluating locations and other estimation operations; the evaluated data may be

independently analyzed in-real-time with external assessment tools.

The laser sensor's basic theory is that the laser bean11s transmitted-in a set direction,
that the emitted laser-is-mirrored as.it meets an.obstacle, that the reflected laser is captured
by the receiving device, and that the distance of the target is calculated by the correlation
algorithm measurement (Wang et al., 2019). The author stated an example on how the laser
sensor operated to measure things as angle between the laser sensor and the robot orientation
is o , the distance of the obstacle determined by the laser sensor is 4 and by using the formular
below, the actual robot position from the obstacle can be known as (xgyg). Then we will
know where the obstacle is on the grid map, as well as where the robot is using this given

formula.

Li & Mei, (2018) said that sensors such as laser scanners, sonar sensors, and cameras
are commonly used to create a map of any environment. The author also used the laser sensor
for their navigation and control system of mobile robot based on ROS project to obtain
environment condition. By transmitting laser beams, laser scan may detect the position of a
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target, environment, or obstacles. Figure 2.9 below shows type of laser sensor used by the

authors.

Figure 2.9: Laser Sensor (Li & Mei, 2018)

2.4.2 Odometry

Odometry is data from motion sensors, such as wheel encoders.which it is used to
measure the estimated change in ithe robot's. location and heading over fime, relative to the
launching point in terms-of an.x-and y position, as well as an orientation.along the z axis
(Housein & Xingyu, 2021). The authors also mentioned that there is problem in which the
odometry data become less accurate when the robot starts moving. As mentioned before, the
inaccuracy may be caused by wrong wheel diameters, irregular driving surfaces, or the wheel
slipping, all of which cause the wheel encoders to emit inaccurate results. For this problem,
they overcome with adding extra sources of information by installing rplidar. By this device,
it gives the absolute distance and orientation calculated from the robot's current position.

Figure 2.10 shows an example of rplidar sensor device.
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Figure 2.10: Rplidar device (Housein & Xingyu, 2021)

As explained in the Extended Kalman Filter (EKF) topic, odometry data needs in
increase the accuracy to estimate the location and position of the robot when combining with
laser sensor throughithe SLAM concept (Li & Mei, 2018). Kdseoglu et al., (2017) stated that
Odometry is the most used techniqué for calculating a mobile robot's current location.
Odometry offérs readily accessible real-time positional information between periodic

absolute location measurements.in.most practical applications.

2.4.3 Kinect Sensor

Kinect is a multi-sensor system that includes a depth sensor, an RGB monitor, and
microphones (Guimardes et al., 2016). 3D RGB-D sensor is a Kinect sensor with providing
a depth data and the color image data. It equipped with IR emitter and IR depth sensor which
will resulting in capturing the depth information. The robot must rely on its sensors for
mapping and localizing itself in its operational area while navigating in an indoor
environment. This is where the need of 3D sensor such Kinect Sensor play its role (Mishra
& Javed, 2018). The author uses this type of sensor for their project in creating ROS based
service robot platform which is the Microsoft Kinect XBOX 360. It come with view of 43°
degrees vertically and 57° degrees horizontally with tilt range of 27° degrees which very

suitable for their project requirement. From this sensor they could use the Kinect to collect
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3D point cloud data from the target area and be used for indoor navigation as well. Figure

2.11 and 2.11 below shows on how input data from the sensor. (Mishra & Javed, 2018)

Figure 2.12: 3D point cloud generated for the environment 3D point cloud generated for the arena
using RVIZ (Mishra & Javed, 2018)
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2.5 Design Locomotive Method

A typical method of generating trajectories for differential drive robots is to assume a
motion in which the robot travels straight, slows, and then turns because of its simplicity on
the spot (Lauer et al., 2020). Design locomotive for a mobile robot can be in many ways such
differential drive robot (DMR), skid steering and Ackerman steering. All this type of

locomotive will be resulting movement in their various ways.

2.5.1 Differential Drive

The diffel_'en‘tihl mobile robot (DMR) is used in addition to the Ackermann model,
which is wide{y‘.ﬁ-s;cd by researcﬁeljs and used by Priyandoko in his project on mobile robot
that used for lia_'iapping on ihdustl'iai;"plant environment (Priyandoko et al., 2017). The DMR
has two separate wheel drive systems that can be operated independently, as well as a wider
turning radius tﬁén_'ihez Ackermann, and can.spin preeisely on the robot's center of gravity.
Also, in terms of tigl‘lt.space, the DMR has greater maneuverability than the Ackermann
model to clearobstacles. Figure below depictsthe kinematic model of'the real robot, which
accommodates two inputs, linear velocity (v) and angular velocity (@) toward the target spot,
as seen in the figure 2.13. In general, the DMR ﬁlodel assumes the unicycle kinematic model

seen in Equation (1-3):
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Figure 2.13: DMR model used by the author (Priyandoko et al., 2017)

X =vcosb Equation 2.6
y =vsinf Equation 2.7

0=w A Equation 2.8

252 Skid-Steering ,

A skid-steer vehicle can produce a significant amount of traction force, which is
particularly useﬁil for névigating rugged terrain (Ki[ﬁ ‘et ai., 2017). ‘Sifice there are no
steering systems on a skid-steer robot, it turns by the difference in tire force between the left
and right wheels. This feature has several benefits, including a strong traction force and a
basic mechanical structure. The authors did also mention many studies in skid-steer vehicle
operation have been conducted to achieve autonomous navigation. However, designing a
controller for a skid-steer vehicle remains a difficult problem due to the vehicle's high

proneness to slippage when producing turning motion.

Ordonez et al., (2017) also find that modeling the motion of a skid-steered robot is
difficult because slippage and skidding are intrinsic to this type of platform, and curvilinear
motion involves high torques. Motion planners will sometimes create trajectories that are not

practicable by the robot if the ground-robot contact, and torque specifications are not
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adequately captured. The difficulty of this model stems from the fact that that skid-steered

platform's wheels or tracks must slip or when doing a turning maneuver, it can skid.

The solution to increase the accuracy of this type of terrain model is by using a
learning- based approach. In particular method, we use the Gaussian method (GP) to describe
the skid-steer vehicle's velocity model (Kim et al., 2017). The nonlinear characteristic or
uncertainty of the model will be described by the GP which is a Bayesian non-parametric.
Figure 2.14 below show an example of mobile robot that using the kinematic of a skid-steer

type locomotive system.
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Figure 2.14: Kinematics of a skid-steer vehicle and mobile robot (Kim et al., 2017)

2.5.3 Ackermann Steering

Zhao et al., (2011) stated that when an automotive wheel moves or spin on the same
center point, the situation is named as the Ackermann steering principle. Meeting the
Ackermann steering concept allows the wheels to rotate freely without sideslip, reducing tire
wear. But the Ackermann steering concept cannot always be met by the most widely used

four-bar linkage steering trapezoid.
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To meet the Ackermann steering requirement, a concept automotive steering
mechanism with pure rotation transfers is proposed. Figure below illustrates the theory. In
the car definition, steering mechanism, the rotational feedback from the steering wheel is
transmitted to the. A center pair of bevel gears connects the right and left steering shafts
while right pair of bevel gears transfers the rotation of the right steering shafts to the front
right wheel, then a pair of noncircular gears transfers the rotation of the left steering shafts
to the left steering shafts. A left pair of bevel gears is then transferring the rotation of the left
steering shafts to the front left wheel while the pair of constant velocity joints make up both

the left and right steering shafts.

Figure 2.15: Ackermann ‘Steering Principle (Tang et al., 2017)

Figure 2.15 above show an example on how Ackermann Steering Principle works in
real-life. According to many studies about the design locomotive for navigation mobile
robot, it is quite hard to find any author or researcher using the Ackermann steering design

in their project as the mechanism used need high complexity in design and production.
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2.5.4 Suspension

Springs, linkages, tires, air in the tires, shock absorbers, joints, and bushings make
up the suspension system structure, which is situated between the frame and the wheels. It
oversees filtering the wheel's excitation as it meets the field (Poojari et al., 2021). Suspension
is very important in improving the efficient design of any steering wheel design in
maneuverability and movement of a mobile robot. It is almost impossible for any wheeled
mobile robot to move in uneven surface since there is no instantaneous core consistent for
both wheels, two wheels connected by a traditional rigid axle cannot roll on rough ground
without slipping (Appala & Ghosal, 2015). Plus, if any slip occurs and the on-board
odometer is used, it causes localization errors and wastes power at the wheel-ground touch
points.

Thus, tg*%‘fﬁ.f- this ﬁﬁqgl slip 1issue, the distance between the wheel and ground
contact points;must be adjusted to ;ial'ovide:-;aftypical:instanta_neaus core such installing the
suspension on the wheel linkage 'd-eéign. The authors solution-to overcome this issue is to
setup the balancéixﬂqpkf_;r mechanism which is one type of reliable suspension system which
consist of two rqckefrs; two rods, and a balance link make up the assembly. Each rocker's
flexible side fratme is attached 1o it asa locking mechanism anct @ baldnce-rocker mechanism,

respectively.
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Figure 2.16: Mobile robot model using balance-rocker system (Jiang et al., 2019)
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Figure 2.16 show how balance-rocker suspension system work on some mobile
robot. The balance-rocker system is a passive feature that provides a mechanical escape that
allows the two side frames to pivot three touch points with the ground independently and
efficiently. It is also known as a differencing linkage. On rocky surfaces, the mobile robot's
center of mass is located halfway between the side panels, resulting in fair loading on all

four wheels (Jiang et al., 2019).

2.6 Summary

This literature review topic defines there are many ways and concept could be
amendment in developing mobile robot using the ROS algorithm. Different of concept used
will be affecting in dlfferenl berformance result. By observing and studying from this topic,
this project w_ijﬂ determine the'ﬁcst way to develop mobile robot with maximize its

performance in production phases.and its result in achieving:this project objective.

27



CHAPTER3

METHODOLOGY

3.1 Introduction

In this cllagtéf, the topic willcﬂl')g diseussed on how to design and develop a mobile robot
platform testi;ig rig programming ff‘amework_ and control in Robot Operating System (ROS).
This topic covers all the needed element in the idea to complete this project. Every part and
component used™in completing this projeet are stated. specifically with their every
specification. Generai]y, there are three phases in methodology to fabricate this project
which consist'of design and develop; data collection, and ﬁnally project analysis. The flow

process for whole project will be stated in Gantt Chait in appendices.

3.2 Design and develop

Based on the study and research done during literature review topic, the best concept in
design the body of the mobile platform testing rig have been develop and will set up with
the suitable Robot Operating System (ROS) algorithm to implementing the objective of this
project. The overview of method in design and development of this mobile robot will being
explain and stated clearly according to their subtopic. Figure 3.1 shows design planning on
mobile robot platform rig. Left picture is the finished prototype of the actual mobile robot.
The design has been develop using the Computer Aided Diagram (CAD) software which is
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Fusion 360. By considering all the needs for electrical components and as rig platform, the
design for mobile robot has design to be fit and compact for increasing its mobility and at

the same time could be as transportation platform.

Figure 3.1: General view of mobile robot
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3.2.1 Methodology Flow Chart
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Figure 3.2: Project flow chart
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3.2.2 Design

The deisgn for mobile robot is drawn base on the robot project scope where the

platform size is 45 cm x 45 c¢cm attached with differential drive as the design locomotive

method used. Draftinng for the mobile robot platform in this project is as shown. Figure 3.3

below shows tha details design of mobile robot where generally the size of its will be

aproximately 480mm in length and 340mm in thicnkness. The height of mobile robot will

be aorund 195 mm when attached with the both side tyre.
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Figure 3.3: Drafting of mobile robot

The total part for fabricate the mobile robot are approximately 60 parts as its body

excluding the microcomputer, sensor, and other board. For 3D printing part, there are

approximately 50 parts to be fabricate as exclude the tire, motor, shaft, and the aluminum
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plate which will as the main body. Material used for 3D printing process is using the standard
polylactic acid (PLA) which is a biodegradable material and can be fully renewable. This
make the standard PLA material is environmentally friendly and its advantages has faster
performance when changing physical state form as molten to solid which enabling to been
printing with more details than others normal plastic. Figure 3.4 below shows for a complete
mobile robot device, there will be 4 major components for its physical body part. From
above, which is mobile robot’s lid, then housing body, while in the housing body is where
the motor component placed and at the bottom part which is the tire part. Figure below shows

the whole major part in the mobile robot.

Figure 3.4: Major component part

Figure 3.5 below shows the exploded view for the mobile robot with all the 46
components 1s as below. Generally, there are many types of material used as the mobile
robot’s body and housing as example the main structure for it using the hollow aluminum

bar. This aluminum bar has been selected as the best materials and type because of its
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performance in maximizing strength while minimize the total weigh of the mobile robot.
Other’s materials used from the 3D printing PLA materials, there are all the components
used for mobile robot mechanism as steel rod bar, rubber tire, steel pulley, spring and lots of

screw and nuts. The details of materials will be shows in the Table 3.1.

Figure 3.5: Exploded view

3.2.1 Bill of Materials (BOM)

In completing mobile robot platform, there are many part and electrical components

needed for this project. As the duration for this project development progress is short,
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additive manufacturing technologies have been chosen to produce the body for the mobile
robot. The additive manufacturing technologies use is the Fused Deposited Modelling by 3D
printing process. For the 3D printing material, as mentioned before where standard polylactic
acid (PLA) material is selected, and the total materials needed is approximately around 3kg
which is 3 units of PLA Filament 1KG. Hence, all the material and part needed are as table
3.1 below.

Table 3.1: Bill of materials

No | Part component Unit | Cost1 Unit | Total Cost
1 Li-Po Battery 2200mAh 11.1V 1 RMS53 RMS53
& Wiring Set 1 RMI10 RMI10
3 Robot Tire Gear Motor 2 RMI15 RM30
4 Casting Wheels. 2 RM7 RMI14
5 | Custom'Spring ; 2 RM20 RM40
6 Stainless Steel Rod 8mm x 1m 1 RMI10 RMI10
7 Aluminum Bar 1 RM8 RMS8
8 Pulley 8m-20mm 22T B RM73 RM292
9 Belt 20mm 22T 2 RM25 RMS50
10 | PLA Filament IKG 3 RMS50 RMI150
11 | Screw Nut, Set 4mm 1 RM45 RM45
12 | Raspberry Pi 4 4GB | 1 RM700 RM700
13 | BASICMICRO MCP263 Advance Motor 1 RM1400 RM1,400
Controller
14 | HOKUYO LiDAR Sensor UBG-04LX-F01 1 RM9900 RM9,900
15 | 12V 63RPM 20kgfcm Planetary DC 2 RM250 RMS500
Geared Motor with Encoder
16 | KP08 Ball Bearing Pillow Block Mounted 4 RM7 RM28
8mm
17 | Custom Pull-up Board 5V 1 RM40 RM40
18 | Main Switch Board 1 RM20 RM20
TOTAL | RM13,290
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3.2.3 Suspension

A spring will be placed at both left and right tire at the back place of the robot body
(red arrow). Suspension concept of the spring will act as damper for the whole body when
the front tire moves through an uneven surface. Stiffness of the spring will determine on how
much weight of the robot can support. The size of spring used for this project is 14mm in
Outside Diameter (OD), 42mm of Free Length (FL) and size wire of 1mm. Position of the
spring will be attached in vertical line as to overcome the mobile robot weigh when moving
across any uneven surface. The stiffness of the spring can be determined by following

formular.

Figure 3.6: Cross sectional view of robot
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The red arrow mark shows exactly the position where the expandable spring will be

placed for completing the suspension system.

3.2.4 ROS Package

To achieve this project objective where to be able performing robot localization and
execute robot navigation, there are few Robots Operating System (ROS) package required
to be optimize in the robot micro-controller. For localization process, Simultaneous
Localization and Mapping (SLAM) concept will necessitate by using the Adaptive Monte
Carlo Localization (AMCL) algorithm. Adaptive Monte Carlo Localization (AMCL) is one
from other thousands of Robots Operating System (ROS) packages used to localization
system for the robot moving in 2D. It demands in filtering the particle to track the pose of

the mobile robot at a new envirenment or unknown map.

h 4

/ Map data /Lb map_server 1—%0I30t Initial pose/

Robot move

/ LiDAR data /Lb AMCL Gﬁ/Encoderdata/

h 4

Obtain map and
Location

h 4
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Figure 3.7: AMCL flow chart
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Figure 3.7 above shows on how the concept of AMCL process in the mobile robot.
By obtaining initial map data, the mobile robot will start moving to execute new mapping
and stimulate the localization process. Input data from Light Detection and Ranging
(LiDAR) laser sensor and odometry encoder data also will transferred into the AMCL
package to be analyze. Then finally a new map and new set of location for the mobile robot
will be obtained. The model of the laser and odometry sensor will be explain in the next sub

chapter.

3.3 Component Integration

There are few main*components needed in designing the mobile robot platform to
perform all the process as a maiﬁ’eontrol, motor controller; sensor input and the encoder for
the motor. 'I’hisg_all components will-be fit in the body ofmobile robot and linked with each
other by using_the Phyton software which its Operating System of Ubuntu 18.04. Apart
connected using the software, these components will be eonnected using USB type wire and

simple wiring. The wiring-diagram-will be stated in the Chapter 4.

3.3.1 Raspberry Pi 4

The main controller will be the Raspberry Pi 4 which will be as the main
minicomputer to integrate all the ROS algorithm as the Adaptive Monte Carlo Localization
(AMCL) package, control the robot movement, generate mapping, and read the sensor data
input. Figure 3.8 below shows Raspberry Pi 4 minicomputer that will be used in this project.
This Raspberry Pi 4 is choosing as its most compatible and stable operating with Ubuntu
18.04 Operating System (OS) which will be mainly used in operating the ROS package.
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Figure 3.8: Raspberry Pi (Barkstrom, 2019)

Raspberry Pi microcomputer will be powered by the 5V micro-USB from normal 5V
sources as power bank. The power bank will act as its power sources replacing its wired
power sources as we will need to-b':; freely'mobile so can-do movement freely. The operating
system (OS) u_é.’éd for this microc’mﬁpuler will be Ubuntu OS as the platform to running the
RViz in contrblling and navigate the robot movement as well generate the mapping for the

environment. In table below, stated-all the characteristic description for this Raspberry Pi.

Table 3.2: Raspberry Pi (Barkstrom,2019)

SoC BCM2873

CPU Quad Cortex A53 @1.2GHz
Instruction Set ARMvVSE-A

GPU 400MHz VideoCore IV
RAM 1GB SDRAM

Storage Micro-SD

Ethernet 10/100

Wireless 802.11n / Bluetooth 4.0
Video Output HDMI / Composite
Audio Output HDMI / Headphone
GPIO 40
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3.3.3 1G-42GM DC Carbon-brush Motors

Planetary geared motors have long been recognized for their minimal backlash and
high efficiency characteristics, which enable them to fulfil greater expectations. It is made
by a reputable Taiwanese motor firm renowned for its quality and endurance. This 42mm
diameter variant is significantly more powerful than the 32mm ones, making it ideal for
applications requiring a lot of torque. The motor is equipped with a 49:1 gearhead and
produces 120 revolutions per minute and 1.76N.m torque. It is well suited for ordinary
automation tasks for the mobile robot. Additionally, it has a 5 pulses per rotation encoder for
real-time input on the rotating position which will needed for mapping process. Figure 3.10
below shows picture of brushed DC motor that will be used in mobile robot for movement
process. The parameter and characteristic for IG-42GM DC Carbon-brush Motors are listed
in Table 3.3 below.

Figure 3.9: Brushed DC Motor with encoder (Sha Yang Ye, 2019)
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Table 3.3: Motor specification (Sha Yang Ye, 2019)

1G-42GM DC Carbon-brush Motors
Voltage 12VDC
Speed (RPM) 101-200
Torque (kgf.cm) | 10.01-20.00
Gear Ratio 49:1
Current 5.5A
Diameter Motor | 42mm/45mm

Encoder Yes

3.3.4 HOKUYO UBG-04LX-F01 LiDAR Sensor

The maih sensor for this pfdjf:ct will be using the LiIDAR sensor whieh is version of
HOKUYO UBG-04LX-F01 a high;.t“,peed laser range findery(Rapid URG) which is one of
the latest generations for low cost 2D laser seanner (LiDAR) with 240-degree point of its
sense range. The UBG-O4LX«FOI scanning laser rangefinder is a compact, high-precision
instrument designed for robaotic applications. ~This device has both ‘RS232 and USB
communication interfaces and car-measure up to 4 meters-with millimeter precision. This
scanner may bé utilized on battery-powered systems because to its;low power consumption
(HOKUYO, 2018).When performing scanning process, the obtained 2D point cloud data
collected will be utilized for mapping, localization, and modelling of objects and
environments in this project. Figure 3.11 and Table 3.4 below show the UBG-04LX-F01

LiDAR sensor from Japan version and its complete specification.
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Figure 3.10: UBG=041.X-F01 laser sensor (HOKUYO, 2018)
gt ‘ ' |

The UBG-04LX:FOI by HOKUYO specification are as follow:
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Table 3.4: Laser sensor specification (HOKUYO, 2018)

Model No.

UBG-04LX-F01

Power source

12VDC+£10%

Detection Range

20 to 5,600mm (White Square Kent Sheet 80mm

240°

Accuracy

Nominal Range 60 to 1,000mm: £10mm,

1,000 to 4,095mm:1% of Distance

Angular Resolution

0.36° (360°/1,024 steps)

Light source

Semiconductor laser diode(2=785nm)

Laser safety Class 1(FDA)

Scan Time 28msec/scan
Sound level Less than 25dB
Interface USB2.0(Full Speed),
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RS-232C (19.2k, 57.6k, 115.2k, 250k, 500k, 750kbps)

Output

Photo-coupler/NPN open-collector output (30VDC 50mA or less)

Synchronous output and malfunction output

Command system

Exclusively designed command SCIP Ver.2.0

Connection

Power and Synchronous output:2m flying lead wire

USB: 2m cable with type-A connector

Amblent illuminance

Halogen/mercury lamp: 10,0001x or less, Florescent: 6,0001x
(Max)

Amblent(Temperature/Humidity)

-10 to +50 degrees C, less than 85%RH (without dew and frost)

Vibration Resistance

Double amplitude 1.5mm 10 to 55Hz, 2 hours in each X, Y and Z

direction

Impact Resistance

196m/s%, 10 times in each X, Y and Z direction

Weight

Approx. 260g (with cable attachment)

3.3.5 MCP263 Dual 60A, 34VDC Advanced Motor Controller

The final C.On'tponcnt used-for this project is motor controller by BASICMICRO

where the version of MCP263 Dual 60A, 34VDC for motion control. This motor controller

will be attached with the microcomputer which is Raspberfy Pi as mentioned earlier in

supplying control ability for the phyton' saftware' in/it/by | using ROS [¢ontrol and RViz

software. Figure below shows the motor controller. Figure 3.12 below shows the

BASICMICRO motor controller used in this project. This motor controller will need to

control the movement and read the encoder from the Brushed DC motor install with encoder

as mentioned before.

43




Figure 3:11: MCP263 Dual 60A, 34VDC Motor controller (BASICMICRO, 2019)

Othersnamed for this deviceis Motor-Control Panel (MEP) which offers a wealth of
features and is highly configurable. They integrate a iaow'erful programming language for
motion control. The MCP's scripting language is based on a simple-to-use BASIC variation.
The scripting language provides comprehensive control over the motor controller's
functionality, including the ability to make on-the-fly modifications to the I/O and system
settings. The scripting language supports integer and floating-point arithmetic operations, as
well as 32-bit variables, arrays, and conditional expressions. Because the MCP's 1/0 is
scriptable, it can be easily adapted to any application. Scripts are generated and debugged
entirely inside Motion Studio's free interface. Due to the MCP's great degree of flexibility,
it may operate as a stand-alone controller or integrate seamlessly into any system
(BASICMICRO, 2019). Table 3.5 below shows the specification for MCP263 Dual 60A
Motor Control Panel (MCP).
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Table 3.5: Motor Control Panel (BASICMICRO, 2019)

Motor Channels2 Motor Channels2
Bridge Channels Yes
Continuous Current per Channel 160A

Bridged Channels Continuous 120A

Current

Max Voltage 34 VvDC

BEC 5 VDC 300mA
3.3V Safe Outputs Yes

5V Tolerant Inputs Yes
Quadrature Encoders Yes

Absolute Encoders Yes

Encoder Auto Tune Yes

Thermal Protection Yies

Current Sense . — i, Yes

User Selectable Peak Current Yes

Battery Protec.ﬁon " Yes
Regenerative Braking Yes

Over Voltage Pfotec;igm Yes

Under Voltage P]_‘otection Yes
Self-Diagnosties ‘ - Yes

3.4 Data Collection

The data that to be obtain in this project is to generate the mapping and execute self-
navigation for mobile robot through Simultaneous Localization and Mapping (SLAM)
process. Result from data collection will be presented in the next result chapter. From the
data, the mobile robot will generate the map in the RViZ software and acknowledge its exact
location in the map. Only then, the final objective of this project can be achieve if the mobile

are able to perform navigation process with the generated map in the new environment.
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3.4.1 Mapping

As to achieve this project objective by performing localization for the mobile robot
platform, mapping is one of the major data need to obtain in the process. The data acquire
from RP Lidar sensor will be filter by AMCL package to generate mapping of mobile robot
surrounding environment named costmap. By launching RViz which is as 3-deimensional
visualization tool for ROS, the mapping for the environment can be obtain and visualize the
position of mobile robot in the map. Raspberry Pi microcomputer came with ROS Melodic

on Ubuntu 18.04 by Linux, so the RViz simulation opened from this platform.

3.4.2 Navigation

After dérive mapping data, navigation feature will acquire from the RViz, and the
position (x,y) of the robot-will-be-determined. Data from_mapping process saved in the
process and will used to perform the navigation: By using RViz simulation, when the mobile
robot instructed. to mdx;e into another location, it will create a new path in the movement
process which-mamed ptanned path. The acquired path-will be-determined ‘and saved in the

process.

3.5 Project Analysis

To accomplish the successfulness of this project, analysis will be done as last phase of
the project. This project objective will consider a success if all the objectives are achieved
and give positive feedback in all process. For analysis process, there are few factors that will
be determine such the accuracy of the mobile robot perform movement process in real life
compared to in the RViz simulation. All the analysis will be done when the mobile robot is

completed fabricated.
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3.5.1 Efficiency of Robot

To determine the effectiveness and efficiency of this mobile robot, comparison of
this mobile robot performance need to be evaluated among others current mobile robot.
Comparison from sort of ROS package used in every different mobile robot which will be
outcome in least error from the actual movement of robot and the movement data in the
system. As explain in the literature review part where most of author mentioned the problem
of slip tire cause the movement reading errors and affect the position in mapping not

synchronize with the actual position of robot.

3.5.2 Simulation _, »

Anotheﬁf analysis in this proj’éct is through the execution from simulation and the real
time respond position of the mobile robot. As using the RViz simulation, the planned path
generates when the new location input is stated for the robot. The movement of the actual
robot moving will be determine ifs precision compared to the path planned in the simulation.

The more the accuracy, the'more precise this'mobile Tobot is;

3.5.3 Experiment

An experiment to evaluate the main objective of this project which the mobile robot
should perform localization and perform movement by the desire stated input location will
be test by the robot. This experiment will be conducted in any new environment for the
mobile robot so that the project is able to determine the capability of the mobile robot to
generate mapping of the surrounding environment and to generate path for perform
movement from location A to location B as the experiment objective. Figure 3.13 above
shows example on how the map will be generated in RViz and the position that the robot

position that will be tested to move to Point B location.
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The apparatus and material need for this experiment is the complete mobile robot rig

platform, RViz simulation in Phyton operate in Ubuntu 18.04 operating system and lastly
the marking position and the new environment for mapping process. The first procedure that
will be used in this experiment is to mark the location at new environment which A for
starting place and B for desired location point for movement. Next is place the Mobile Robot
Rig Platform at location any location and turn on it. After that run the RViz simulation and
perform movement to generate mapping in the new environment. When the mobile robot
finished the mapping process, the generated mapping is saved in specific folder. Next, once
again place the mobile robot at marked A location using the RViz simulation. After that,
command the mobile robot to move to location B using the RViz and record and observe the
movement of the mobile robot. This step is repeated to 10 time to observed and analyzed the

mobile robot’s behavior. All the data and observation are recorded to the project report.
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3.6 Summary

All the methodology should be done according to the plan and carry out the analysis
when the mobile robot is complete build. At the end of this project, all the three objectives
should be reach and accomplish. The result for this methodology part will be presented in

the next chapter of result and discussion.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

The results of an experiment iﬁvolving the use of a mobile robot for indoor mapping will
be discussed m this chapter. This chapter will show the final design of the robot model that
was created using the Fusion 360 software program. The resuit of the experiment will also
be shown in thfs é:ha_gtegr, where-1t-will be shown using the RViz software program. Then,
the data from the experiment will be collected and evaluated in the right manner. Finally,
from the resul, the data will be discussed with the performance and behayior of mobile robot

which will determined if this project.objective will be achieve or yice versa,

4.2 Final design of mobile robot

Figure 4.1 below shows the final of develop mobile robot after finished printed with 3D
Printing prototype and assembled with all the electrical components. The inside space of
mobile robot where its inner space has been improved in space capacity for electrical
components attachment. This modification also needs for compacting the installment of two
brushless DC motor with encoder at the center of mobile robot. The lid on top of mobile
robot have been modified into smaller form the actual size of design as to minimize the usage

of PLA materials and most importantly to reduce the time needed to printing phase. As
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limited of 3D Printing machine, size of materials and time management of production set-up

for this project must be reduced and maximized.

[F

Figure 4.1: Final complete design of mobile robot
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Figure 4.2: Side view of complete mobilerobot

Figure 4.2 show_the view of mebile;robot-from side view. The: top right which blue
color is the position of attached HOKUYO LiDAR sensor which will be the front face of the
mobile robot. This' HOKUYO LiDAR ! sefisor ‘attached ‘at the front-cofner so that it can
maximize the range of scanned region. As mentioned in Chapter 3, this HOKUYO LiDAR
laser sensor can scan up to 240° deg of Point of View (POV). So, preventing the laser sensor
to scanning the body of mobile robot, it will be best position. At the left position which is
will be the back of this mobile robot, it is attached with the switch for the main micro

computer power sources. It will act as the main switch to on or off the mobile robot.
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Figure 4.3 show the top view of mobile robot and its back position. From this position it
can be see half side of tire is exposed in both side of mobile robot. This is because of in
fitting and at the same time minimizing the size of robot, the tire thickness will be resulting
in exposed from the mobile robot’s body. As mentioned before, the time for this project is
limited and its resources in term of material supply is also limited. To amend these two
factors, the mobile robot body will be minimized and fitted at its maximum scale. Finally,

all the others electrical component has been fitted and install inside the body of mobile robot.
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4.3 Wiring Connection

Figure 4.4 below shows the full wiring connection diagram for mobile robot. This wire

connection consists of 6 components in total which are the main switch, pull-up board for

encoder, brushless DC motor controller, battery source and 2 brushed DC motor. Pull-up

board is designed to step down the 12V voltage from the battery to 5V output sources. The

wiring diagram shows from the power sources, which is the Li-Po 12V battery will power

up with board from main switch to both Brushes DC motor, motor driver and the

microcomputer Raspberry Pi 4which will connected with the motor driver using the micro-

USB cable. From Figure 4.4 also show that the encoder from the brushed DC motor will be

connected to pull-up board encoder as to power up with 5V and connected to the motor

driver.
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Figure 4.4: Wiring diagram
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4.4 ROS Package setup

To performing ROS package to operate the mobile robot, Ubuntu 18.04 operating system
will be used as the software extracting all the command needed. All the ROS command is
already prepared in the wiki.ros.org website by the developer, from the sources will be
selected according to this project plan and objective to execute for mobile robot. By using
this Phyton operating software and its terminal, these are command for running the mobile
robot. As this project is using the Phyton software to operate the ROS, all the setup and
command will be needed to manually be added and applied into the Phyton terminal.
Generally, there are 10 major steps in completing ROS package command from starting to
its final stage where to move the mobile robot through the navigation process. The next
subchapter below will explain in detail on the step and method to run the all the ROS package

for mapping and navigation of mobile robot.

4.4.1 Run ROS package on Mobile Robot

First step-into open'ROS package is by-running the voscore-itself and then running
the ROS launch controller check. This controller check in ROS is essential because it will
refer to the ROS topic that broadcasts the mobile robot's joint values in real time and then
view the robot's present status in RViz. After successfully run the roscore, next step is to
launch the Basicmicro and link it to the roscore. To control the input and output of motor,
the motor controller panel which is Basicmicro will be needed to start in the ROS command.

Below shows all the command used for the step explained.

$$ roscore
$$ echo "source SHOME/catkin ws/devel/setup.bash" >> ~/ bashrc
$$ cd catkin_ws/

$S source devel/setup.bash
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$$ roslaunch mobile_robot_autonomous_navigation controller_chec k.launch

$$ roslaunch roboclaw node roboclaw.launch

After successfully run roscore with Basicmicro, the next step is to launch the teleop
twist keyboard. It will be necessary to utilize a teleop twist keyboard to maneuver around
the robot model. The teleop twist keyboard package is used to verify and identify the
movement of the mobile robot. After that, to access the HOKUYO laser scan, the Phyton
will need to open access for its USB port as In Phyton, all the access or input will need to
manually configure to be used. This all is accomplished by opening a second terminal for
the USB port. Then, the mobile robot will be testing the laser scan component for
verification. To do this step, USB hub access is opened, and the Hokuyo LiDAR sensor will
be launched and accessed with ROS package.

$$ roslaunch teleop_twist keyboard teleop twist keyboard.py
$$ sudo chmod a+rw /dev/ttyACMO

$$ rosrun urg_node urg node

The next'step: 1s:to run the. RViZ software. RViZ! will be! thelmain platform in
performing mapping and navigation process for the mobile robot. After successfully running
the RViZ, the setting for global fixed frame need to be changed to “laser™ setting. This step
will be achieved by adding by topic for the laser scan marker. Only then the “laserscan™ will
be appear in the RViZ setting interface. To use two different types of physical input in ROS,
there will need to setup the 2™ port for the Hokuyo laser sensor. USB port for HOKUYO
laser will be needed to change its port according to laser wire USB. For the “chmod”, its
need to change the “py” file to executable, then send the twist command manually as shown.
All the command for execute RViZ and running the HOKUYO laser as mentioned is as

below.

$$ rosrun rviz rviz
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$$ Is /dev/ttyACM*

$$ rosrun urg_node urg node _serial port:=dev/tty ACMO
$$ rostopic echo /topic_name

$$ rostopic list

$$ rosnode list

$$ rosrun tf view _frames

$$ evince frames.pdf

$$ chmod +x simple_topic_publisher.py

$$ rostopic pub -r5 /cmd_vel geometry msgs/Twist "linear:

Finally, ;éﬁer the RViZ and laser sensor are launched in ROS, the next stage is to
launch the glﬁapping package and perform the localization and navigation process. In
assisting to ddmapping process;-the roscore is launched with hector slam package which
will be being uSéd, fb}' generating the map. forthe environment in the RViZ. By using the
gmapping and hector slam package, the mapping process will be started and on the RViZ
software will show the map generated m real-time-As-a follew-up, after-creating a detailed
map of an area, the map saver command saves the map in both .pgm and .yaml formats. To
use the gmapping and hector slam package, the position of the laser sensor according to the
mobile robot body will need to be define which is the “tf” is set from base_foorprint to laser
running command. To align the map with the laser scan, it will need to launch the hector
slam. If the hector slam is successfully launched, then the map generated will be in high

accuracy and smooth.

$$ echo "source SHOME/catkin ws/devel/setup.bash" >> ~/.bashrc
$$ cd catkin_ws/
$$ source devel/setup.bash

$$ roslaunch mobile_robot autonomous gmapping.launch
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$$ rosrun map_server map_saver -f mymap
$$ rosrun azamrobot_setup_tf tf_broadcaster

$$ roslaunch hector slam launch tutorial.launch

Lastly, after launching the gmapping and hector slam. “map™ topic is added
in the RViZ and the “fixframe rviz” is changed to “map” also. When all the command is
successful, the mobile robot will be move manually to around the new environment to
perform the mapping process. When the mapping process is done and the RViZ shows the
map result, it will be saved to the computer in the navigation folder. After the mapping file
are successfully to saved and generated, the map will be retrieved to performing the
navigation process. Then the map file is moved to move base.launch. By launching the
navigation stack, the mobile robot will be able to move in any position desired in the map
by pointing in the RVIZ This.l méthod also will be used in the mentioned experiment before
to move the m‘bbile robot from position A to position B. To increase the accuracy of
navigation process, AMCL packages must be launched to'get complete map data in the
mapping pl'oces"s._.'l"'he AMCL-and odometry data will be obtained using the produced map.

The following comitiand will be used for all the step explained.

$$ rosrun map, server map, saver,-f namamapfile

$$ move_base.launch file

$$ echo "source SHOME/catkin_ws/devel/setup.bash" >> ~/.bashrc
$$ cd catkin_ws/

$$ source devel/setup.bash

$$ roslaunch mobile _robot autonomous_navigation.launch
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4.4.2 Requirement and test results

In confirming all the ROS package that need for localization and navigation of mobile
robot, all the launch result is recorded as reference. The table 4.1 below summaries the
simulation requirements and test results, proving that all criteria for performing mapping
analysis have been satisfied and passed. All the packages will be needed to pass in
performing the main task which for robot to undergo localization and navigation process.
The all command describes and mentioned may be differ from time to time as all the
command belong to the ROS developer in the wiki.ros.org. Lastly, all these packages must
be performing on Phyton that running the Ubuntu 18.04 operating system installed with ROS

melodic only.

I'T.hble 4.1: Requirement and test result

No. | Requirement : Test Results
I. | ROS Launch Controller check PASS
2. | ROS Launch Basicrmicro PASS
3. | ROS Launch teleop twist keyboard PASS
4. | ROS Launch USB Access PASS
5. | Launch testing for Hdkuyo laser scan PASS
6. | ROS Launch RViz _ PASS
7. | ROS Launch Teleop twist keyboard PASS
8. | ROS Launch gmapping PASS
9. | ROS Run Hector SLAM PASS
10. | ROS Run Navigation stack PASS
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4.5 Experiment result

In observing the mobile robot behavior and determining its performance in accuracy, it’s
have been analyzing with the mobile robot abilities in do mapping process for new
environment and lastly to measure of mobile robot’s distance length in the x-y direction error
on final experiment from position A to position B when performing the navigation process
through the RViZ. Figure 4.5 below shows mapping generate by the mobile robot in a new
environment where the mapping that generated by manually moving the mobile robot on a
new environment area. The map shows high accuracy and smoothness of mapping process
with only few undefine space where the extra white line with black dot in outer space of it.
This phenomenon occurs as there are reflective component or things in the map environment

which preventing the laser from receive back its signal.
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Figure 4.5: Mapping of new environment
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Figure 4.6: Mapping track of mobile robot

In Figure 4.6'above;-the-green lines show path of mobile robot movement when
performing mapping prosses and the red line with blue dot define the direction of real-time
when its moving. There are quite number of paths needed inrecompleting the mapping process
for the new envirenment as the space contain multiple confines spacéd whiehwill be difficult
for the LIDAR sensor to reach. Overall, by observing the real-time when the mobile robot
move using the teleop keyboard controller, its movement shows high accuracy in term of its
localization between the position in map and the real world. The angle direction of mobile
robot also shows a positive response when controlled by the teleop controller where the angle
in the RViZ is very accurate when compared to mobile robot real angle direction in real
world. Figure 4.7 below shows the new environment in the real life which being mapped by

the mobile robot.
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Figure 4.7; New environment for.mapping

As men’lti'(;r'ié'(‘lrji—ﬁ—ihé“éxpérf;nénf? éetﬂp in '-(i‘haﬁte'r‘é, Table 4.2 below shows the result
for experiment where describe the value of distance error of mobile robot last position at
position B from the marked placed. The value is calculated by measured between corner of
white cardboard placed under mobile robot’s body ant the marked black tape location at
point B. Figure 4.8 below describes how the x and y direction error are calculated during the
experiment process. The distance error is only calculated in this experiment as the angle
direction of mobile robot is very accurate with mobile robot’s in RViZ software compared
to the real mobile robot’s angle position. The speed of this mobile robot in undergoing the
experiment is same for all the 10 times testing process to only find the average of position
error. Real computer was attached on the mobile robot to shows the screen of RViZ process

in real-time.

62



Table 4.2: Position error

No X-Direction Error (mm) Y-Direction Error (mm)
| 13 4
2 T 5
3 12 7
4 11 6
5 13 5
6 9 6
7 15 8
8 4 3
9 8 a3
10 5

Average avel0-1 5.6

.......

Y-Direction

X-Direction

Figure 4.8: x-y measured direction

The result in Table 4.2 shows average of 10.1mm of final mobile robot’s position

error for x-direction and 5.6mm for y-direction. These position error define this mobile robot
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are mostly accurate in performing the navigation process and only have only around 1 cm
misplaced in the final position place. Position error is because of there is occurrence of
slippage during the mobile robot movement. After being observed and analyze, this problem
may cause of the slippage occurs when the mobile robot’s caster wheels are carried by the
tile’s drain as the size of their contact area is small. To overcome this problem, the type of
the casting wheels will be changed in the future to increase its contact area size touched
with the ground avoiding for the mobile robot to be carried away from its origin path when

performing movement process.

The speed of the mobile robot is being observed by performing run testing before
beginning the experiment. This speed optimizing is needed for the mobile robot’s
consistency in experiment. As for safety and precaution, the speed of mobile robot is limited
to 40mm/s to preventing unwanted accident scheme during this experiment process. The
standard speed that has been aﬁi;lj‘ed on the mobile robot which this experiment speed is
40mm/sec or 144mfh0ur while the maximum speed for mobile robot can accelerate is
80mm/sec whiqh around 288m/h. The duration needed for one complete movement from
position A to p(-)-éi.tjon B m-the-experiment. is approximately 9.75 second. Total length for
one complete path béf;;&éen position A and position B is 390cm which is for 13 tiles time by
30cm per tile length. Figure 4.9 below shows the-tiles floor 'd_iagram whieh the mobile robot

is moved for ten time from position A to position B.

Distance 9 Tiles

120 cm 390 ¢m 90 cm

Figure 4.9: Floor diagram of experiment setup
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CHAPTER S

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

This project mam purpose is to'develop a mobile robot platform rig for transportation of
goods in indusﬁ‘y using the Robot Operating System (ROS) package. From the results and
discussions that-have occurred in-the previous chapter can bewwsed to form a conclusion that
summarizes all thefindings of the rescarch and can be represented in-accordance with the

objective that haye been defined.

i.  The first objective is to develop a mobile robot platform testing rig programming
framework and control in Robot Operating System (ROS). This objective has been
achieving as the mobile robot platform have been successfully designed based on the
planning and being install with ROS package. All the ROS have been attached in the
microcomputer of Raspberry Pi 4 with combined with the Python software of Ubuntu

18.04 operating system.

ii.  The second objective is to perform data collection from the surrounding environment
in creating mapping through Simultaneous Localization and Mapping (SLAM)
process. Based on the result on Chapter 4, the mobile robot has generated a map of
the new environment smoothly and accurately using the mapping process through

the SLAM. The path that's shows mobile robot’s movement while performing
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mapping shows that it can locate and state its position on to the map although while

generating the map.

iii.  The final objective state is to analyze the behavior of the mobile robot when moving
from a position to an input desired position. During the experiment, the mobile robot
movement path accuracy has been measured and analyze. Result shows that there are
slight few positions error in the x-direction which is 10.1mm and 5.6mm for y-
direction. But above all, the result also stated that this mobile robot platform has high

accuracy where the position of mobile robot in real life is similar in RViZ mapping.

5.2 Recommendation for future work

This projec__t.has shown the sﬁéb_essfu] development of mobile robot platform using the
ROS algorithm. As the purpose of this mobile robot in replacing the exist AGV mobile robot
in the industry, extra feature could be improvise as attaching the Pick and Place robot
technologies. So that while performing the autonomous navigation, the mobile robot could
function in inserted and delivered the goods on industry efficiently. In increasing the safety
of the mobile robot, it isadvice to installing a manual fuse'at the electrical component board
and controller. By this method, it will lower the risk| of possible damage aceurrence for the

component which will be adding extra cost in the development process.

5.3 Sustainability

As this project used the rapid prototyping process which consisting of Additive
Manufacturing by 3D printing process, the additive manufacturing itself already represents
a more sustainable means of production. But for massive production, by using the rapid

prototyping technique will be more load and not efficient.
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So, the making of this mobile robot product more competitive requires manufacturing
sectors to consider factors such as economic efficiency, environmental sustainability, and
social benefits when developing processes and utilizing new manufacturing technologies to
enhance a product's competitive position. Not limit to production stage, by extending the
product lifetime with the correct life cycle analysis could helping in lowering resources

consumption and preventing worsting environmental effect.

5.4 Complexity Engineering

Systems, components, or processes that combine critical areas and satisfy established
goals while taking public 'h’E:alth:_;and safety, cultural, social, and environmental factors into
account should-_-i'Be addressed 1n «design initiatives. Real complexity, time-independent
imagination, ti;ne-.d'epend'ent comﬁfnaloriality, and time-dependent periodicity all derive
from the phené_menon known-as-eomplexity. It's important to keep engineering systems like
products and maﬁufac_tur—ing processes as simple as possible while creating them in order to

maximize their long-term robustness, stability, dependability, and cost efficiency.
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