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Abstract

The field of smart autonomous systems has shown rapid growth in the past years, which has led to the
development of robots for human assistance. Here, the main focus of the autonomous telepresence
robot is to assist as a chaperon in a smart laboratory setup. The goal is to add functionalities to a
telepresence robot to help the people in the lab with various everyday tasks like controlling the
intelligent lights, doors and windows, and thermostat adjustments. The robot should follow the
standard protocols inspired by humans, specifically perception, thinking, and reaction. Simultaneous
Localization and Mapping (SLAM) is a significant problem, where the objective is to make the
robot cognizant of its position in the surroundings while building the map of the environment.
There are many answers to the SLAM problem developed in the past two decades, and in this Master
thesis, we study Hector SLAM and implement a solution for map-based autonomous navigation of
the robot to enable it to reach a goal position. We also compare the algorithm’s performance by
testing how accurately the robot navigates using the map generated by the algorithm in the actual
environment of the laboratory.

We have a Telepresence Robot from the Ohmni labs, modified to integrate a ydlidar and a Raspberry
pi for the test bench. The robot performs navigation using the hector SLAM algorithm and metrics
for localization and mapping. The robot explores the indoor environment and at the same time
generates a map of it. It uses the map to localize itself in the environment and reach a goal point
given to it by a custom script. The algorithm produces a relatively accurate map of the environment
while measuring the robot location consistently for various speeds. The robot localizes itself
accurately in two different environments and navigates to given goal coordinates. The results from
the thesis are accurate and we get essential environmental perceptions (map of the surrounding,
ability to localize the robot, optimal driving velocity of the robot )that can make future development
work on the Ohmni robot easier. The thesis opens up the possibility of implementing motion and
path planning use cases on the robot as the navigation stack of the robot is configured correctly in
this work.
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1 Introduction

Service robots used in assistance technology plays a crucial role in our everyday lives. It not only
compensates for the inevitable delay which occurs due to involvement of human beings but also
improves living in targeted performance areas. A telepresence robot helps �place� people at a
remote location, thus providing a virtual presence. The robot available at the IAAS laboratory is a
�agship product from Ohmni labs which promises to transform how people connect with each other.
A telepresence robot is a wheeled mobile device which has wireless internet connectivity. It can be
controlled by a computer, tablet or a smart phone. This enables the individuals who are engaged
with the robot to hear and watch the operator of the robot on the display screen and vice versa.
However these robots are much more than virtual presence robots or remote controlled devices.

The collaboration between and humans and robots has been a topic of both �ction and academic
conjecture. The three laws of robotics dictates the following:[soulea]

ˆ A robot may not injure a human being or, through inaction, allow a human being to come to
harm.

ˆ A robot must obey the orders given it by human beings except where such orders would
con�ict with the First Law.

ˆ A robot must protect its own existence as long as such protection does not con�ict with the
First or Second Law.

The above three laws ensure the safety of humans while they interact with the robots. All sorts
of developments performed in the �eld of robotics must keep the three laws into consideration.
However, the �eld of robot ethics and machine ethics are way more complex than just these laws.
Initially robots required some human involvement to function but studies have expanded this to an
extent that fully autonomous systems are now far more common. Autonomous systems include
from simultaneous localization and mapping systems which provide robot movement to natural
language processing and natural-language generation systems which allow for natural, human-like
interaction.

The goal of the thesis is to introduce certain functionalities in the robot system so that it can perform
various complex tasks on its own. The innate functionality of the robot to be able to provide virtual
presence for people, will not be used in this case. Instead its onus is shifted to provide assistance
to the people working in the lab. For this purpose, complex interactions of the robot with other
components of the lab need to be implemented, we need to establish communication with its internal
operating system (the ability to ping the operating system of the robot), send commands to it, enable
movements of its various parts and �nally perform SLAM and provide a certain degree of autonomy.
The question that arises is why was it deemed necessary to carry through the aforementioned
features on the robot. The reason being, to reduce human e�ort and improve work e�ciency or
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1.1 Motivation

throughput by enabling human-robot interaction in the laboratory. If the employees working at
the lab are spared from doing mundane tasks like closing the door, switching on/o� the lights and
assisting visitors coming into the lab, they would be far more productive in their work.

One of the major challenges is building the navigation system for the robot as its existing operating
system is completely unknown. The �rst task is to understand if the internal navigation con�guration
set up exists and if it does not then customise it to include our functionality.

Figure 1.1: Ohmni Telepresence Robot - the Ohmni® Robot, is an award-winning telepresence
robot that transforms how people connect, from their homes, businesses, classrooms,
to hospitals.[souleb]

1.1 Motivation

We have all thought at some point in our lives of a dystopian future of work where robots would
arise and take up all our jobs. But what if we live in a world where the robots take up our mundane
jobs that no one likes to do. Most of us would jump at the chance to hand over our daily chores to
the robot helper, and thus freeing up some time from our schedules. Now more people are inviting
robots to their workspace and even homes to assist them. The ongoing pandemic has shown that
human-to-human interaction must be limited in all sectors of work. Robots are a promising way to
overcome this problem in assisted living environments. The Arti�cial Intelligence (AI) and machine
learning will give a way for intelligent robots with cognitive abilities while enabling them to be
more aware of their surroundings. The concept of assisted living has been widely bene�ted by the
healthcare sectors and especially for people who are immunocompromised and must be protected.
It has a high potential in the pharmaceutical industry as the robots can perform many chores with
high speed and precision. Smart laboratory is a growing �eld of robotics. Robots handle test tubes,
sort them and even perform experiments. Rush LaSelle, (Vice President and General Manager of
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1 Introduction

Adept Technology Inc) says robots provide researchers more time to perform high- level duties.
�High incidence of error is a byproduct of repetitive tasks being performed manually. Robotics
alleviates that potential for error.�

Considering all the factors, the IAAS department purchased the Ohmni Telepresence robot to extend
its features to support the scientists in the lab with their daily tasks. The vision is to use the robot
as a chaperon that connects to the smart devices in the lab. Thus becoming a hub to operate the
lights, surveillance system, thermostat, and connected multimedia devices using IoT, o�er emotional
support, learn new things on its own, and help save energy.

1.2 Problem Statement

As mentioned in the previous section, mobile robot localisation and navigation have played a
signi�cant role in increasing the scalability and �exibility of the work space, but it is known
that it depends on an environment with limited dynamics and modi�cations. A major aim of the
thesis is the development of a navigation system for the Ohmni Telepresence Robot using recent
contributions for solving the famous SLAM problem, as a result of which the robot is able to gain a
certain degree of autonomy. Here the main focus lies on localisation and mapping of the indoor
lab environment using an obstacle detection sensor and a computer. The thesis' work bases on the
following assumptions:

ˆ The sensor used in collecting information of the environment delivers su�cient information
to generate and update a map which ful�ls the requirements of localisation and mapping.

Based on the above assumption the research questions that this work tackles is the following :

ˆ Research Question 1: How do we establish a connection with the internal operating system
of the robot and then control it with an external computer by sending/receiving commands ?

ˆ Research Question 2:Is it possible to integrate the available sensors into the robot's system
and to use the information collected to generate up-to-date maps of the laboratory, which can
allow the robot to operate autonomously within the said environment?

ˆ Research Question 3:Considering localization and mapping are closely related, what will
be the integrated approach needed that can both provide robust and accurate localization for a
robot and create a global map utilizing all available sensor information?

1.3 Research Methodology

The research work intends to have an inference on using a non-odometric approach of Hector SLAM
as it is one of the most used SLAM algorithms in Robot Operating System (ROS) framework. A
part of the research focuses on the evaluation of the results against di�erent performance parameters.
It is further extended by using the latter's results to achieve autonomy of the robot and �nally
analysing the performance. The plan employed to resolve the aforementioned research questions is
as follows :
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1.3 Research Methodology

ˆ As it has been already established that SLAM is a solved problem therefore an extensive
literature is available. For the given test bench (the telepresence robot), SLAM or map-based
navigation has not been implemented before hence it was of utmost importance that previous
work of SLAM implementation on similar di�erential drive robots be referred, to pave the
way for the author to carry out the work. It adds value to the legitimacy of the work by
helping adopt a more appropriate methodology for the research. It elucidates the strengths
and weaknesses of existing research in the same �eld.

ˆ Familiarization with ROS Framework and Docker were the areas that required deep investiga-
tion and thus aided as the starting point of the formal work. The Ohmni Developer Edition is
built with a powerful Docker virtualization layer that can be utilized by the ROS developers to
run the ROS framework on top of Ohmni OS. There is a default ohmnilabs/ohmnidev image
and another docker image, tb_control for simpli�ed development.

ˆ System Design and de�ning the hardware and software components required is a crucial
process for any development work. A system is an organized relationship between di�erent
component groups that work together to achieve a common goal. A meticulous breakdown of
the system into its components helps in the identi�cation of the various dependencies between
them and failures which might occur if some of the parts stop working. It clari�es the goal,
improves the quality of work, and occurrences of errors can be reduced considerably.

ˆ Once the system architecture was ready, the next step was to start setting up the required
hardware components. The main hardware component is the telepresence robot itself, any
other hardware component to be integrated with the former had to be compatible with it.
Before coming to any conclusion, it was important to assess the needs of the tasks that were
planned to be computerized for example, the operating system to support the development,
the middleware framework needed to run the algorithms, and the virtualization environment
to perform the simulations. All of these demands some of sort of speci�cations like processor
speed, model, manufacturer, memory size and so on.

ˆ After successfully deciding on the hardware components to be used, the next step was the
software setup and decisions on the algorithms and already available software packages to be
utilized as a part of the implementation work. Also, it's crucial to decide at the very beginning
the high-level programming language in which the development would be done. Ohmni
robot runs on OhmniLabs' custom version of Android-x86 called the Ohmni Operating
System (OS). It is a hybrid between Android and Ubuntu that combines features of Android
such as the familiar interface and boot process of a full Ubuntu system. Ohmni OS runs a
Linux kernel. It was essential to set up the software components in alignment with the ones
pre-installed.

ˆ Implementation begins once the hardware components are wired together and software setup
is completed. To con�rm if everything was running, it was necessary to run a sample piece
of code to validate the connections. Once this step is �nished, the actual development starts,
and the required functionalities are broken down into smaller tasks for example creating a
map of the environment, localizing the robot on the map, setting up the robot navigation stack
and so on.

ˆ To check the �nal code, veri�cation and validation techniques are used. A number of test
cases are run to optimize the con�guration �les against the performance metrics and assess
the results.
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1 Introduction

1.4 Organization

The rest of the thesis is structured as follows.

ˆ Chapter 2 provides the reader with required background into research related to autonomous
robots, and of related research work that is currently being pursued. It introduces SLAM
and describes the range of the various Light Detection and Ranging (LiDAR) based SLAM
algorithms tested and compared.

ˆ Chapter 3 puts light on the state of the art and the necessary literature survey done during the
course of the thesis. It also gives an overview of the test bench, i.e., the telepresence robot
and Robotic Operating System (ROS) framework.

ˆ Chapter 4 discusses the system components, the overall hardware interconnections and set up
of the navigation stack of the robot. It gives a detailed description of the con�guration �les
and the robot model de�nition.

ˆ Chapter 5 provides the experimental setup and results for the tested algorithm, details of the
map-based navigation and the evaluation techniques used to con�rm the results.

ˆ Finally, the thesis in concluded in Chapter 6 with a summary of results.
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2.1 Background

2.1.1 Autonomous Systems

The expression �Autonomous�, reminds us of industrial automation, Unmanned Aerial Vehicles
(UAVs) , self-driving cars and so on. These are modern technologies with ancient roots. The concept
of autonomous systems dates back centuries ago with the term �airscrew� coined by Leonardo
Da Vinci [FOL76], also known as the Da Vinci's Helicopter. Alan Turing developed the Bombe
during the second world war. It helped decipher the German's secret communications - Enigma.
He also invented the Turing Machine called the �a-machine� or �automatic machine� [HT12]. The
Turing Machine is the conceptual forerunner of the modern computer and helps explain the idea of
automation. Every modern technology uses the theory of automation in some form or the other. A
simple �for-loop� statement in a computer programming language is an example of automation.
Current applications of autonomous systems deal with solving everyday problems, like e�cient
conveyance without human interference, e.g., autonomous vehicles[Urm+08], cleaning robots like
Roomba by iRobot [FD06], warehouse automation in terms of precise manufacturing, warehouse
organization [KUTY00] , and delivery using robots [ZZZ14].

Figure 2.1: General information �ow in autonomous systems

1. Self Driving Cars: Self-driving cars (also known as autonomous vehicles or driverless
vehicles) are a popular research topic in the automotive industry and academia right now.
Hundreds of thousands of hours of research have gone into bringing the best technology to
market. Companies like Tesla, Uber, Aptiv, NuTonomy, and others have recently come close
to commercializing the technology. The research began even before the Defense Advanced
Research Projects Agency (DARPA) Grand Challenge in 2004, when all of the competing
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cars failed during the �rst miles, but they realized a platform to showcase their autonomous
car research. In 2005, the challenge was repeated, with Stanford University's car Stanley
taking �rst place.[TMD+06]

Figure 2.2: A self-driving car, like that of a human driver, goes through the process in which it
perceives the situation, considers it, and then acts based on its assessment. High-tech
devices perform each of these tasks.

2. Warehouse and Delivery Robots:Warehouse and delivery robots are one of the engineers'
solutions to the supply-chain management and logistics problem. The need for robotics in
logistics is stated in [ROB16]. These robots are able to navigate the warehouse either by
learning the map or by using a pre-programmed map. Because there is no Global Positioning
System (GPS) signal available indoors, unlike self-driving cars, GPS is not an option. The
robots estimate their position using beacons or visual/colored landmarks, that are used to
solve the localization problem. Inside the warehouse, the robots can pick, drop, and sort
packages.Because warehouse maps are typically static, with de�ned locations for shelves and
stacks for picking and dropping, path planning is as simple as implementing one algorithm
and dynamically updating the path to avoid any moving obstacles in the way.

Figure 2.3: A fully autonomous robot is something that can perceive its environment, decide based
on what it perceives, and/or has already been programmed to recognize conditions, and
then act on those perceptions by moving or manipulating within that environment.
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2.1.2 Common Pipelines

Every self-driving robot produced, adheres to a similar control pipeline. Because the control system
is a closed-loop with feedback, the autonomous robot requires sensors. Figure 2.1 depicts the
common control pipeline that is at the heart of every autonomous robot. There are two types of
sensors that are often used:

ˆ Exteroceptive Sensors:Measure the state of the environment (mapping, temperature, etc.).
Example: LiDAR, Camera, Ultrasonic Sensor, Radar.

ˆ Proprioceptive Sensors:Measure the state of the robot itself (wheel position or speed,
battery charge, etc.) Example: Encoders, Inertial Measurement Unit (IMU).

Simply put, perception is what the sensors see (perceive) from their surroundings. Sensors can detect
a moving person (dynamic object) or a picture on the wall (stationary object or Landmark).These
observations are utilized to create an environment map. Static objects (or landmarks) are part of the
global map, but dynamic objects are employed by the local planner to create a path around them by
estimating their motion.

Localization is another component of the pipeline. The perception algorithm's landmarks are
utilized to learn a map. These markers are also utilized to calculate the robot's pose (position and
orientation) in the created map. Unlike self-driving vehicles, where the GPS receiver is a primary
source of location data, indoor robots used for warehouses navigation and vacuum cleaning robots
cannot depend on GPS for navigation and localization. Several techniques for non-GPS-based
localization have been proposed. Such algorithms use sensors like LiDAR and cameras to understand
the environment and predict the robot's pose. [LT10] proposed a localization method based on an
o�ine grid map of probability distributions over environment re�ectance to the LiDAR's laser rays.
Some solutions rely on LiDAR data to construct a map and camera data to estimate the location of
the self-driving car in relation to the generated map.

Once the map has been constructed and the robot has been localized, the next stage is decision
making, which entails designing a path to the target while also taking into account the holonomic
constraints of the robot. Path planning algorithms such as Dijkstra's, A*, Rapidly Exploring Random
Tree (RRT), and RRT* are employed. The SLAM problem is built by combining the localization
and mapping problems. The goal is to consolidate the localization and mapping pipelines into
a single SLAM algorithm. The most discussed problem in the realm of robotics is SLAM, or
Simultaneous Localization and Mapping. DurrantWhyte and John J. Leanord �rst proposed the
topic in 1991 [LDW91]. The problem speci�es that if a moving robot is placed in an unknown
surrounding, how probable is it to construct a coherent map of the observed environment while
measuring its present location and navigating through it?

Various solutions to SLAM have been proposed over the last two decades, and it is currently
considered solved. Some solutions necessitate the use of many sensors, whereas others necessitate
the use of only one sensor. Algorithms are developed to interpret the incoming data from these
sensors and create a map by monitoring the surroundings, identifying landmarks, and approximating
the location of the moving platform in relation to the landmarks. Any ambiguity in mapping and/or
localization is frequently caused by noisy sensor data. Uncertainty leads to an erroneous perception
of one's surroundings. Localization and Mapping can be discussed separately by the following
equations :
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Localization : p(x|z ,u)

Mapping : p(m|z ,u)

Where m is the environment map, x is the robot's current pose in the world frame, z is the observation,
which is information from sensor measurements, and u is the robot's control command or odometry.
As shown below, these elements combine to generate the SLAM problem. [GKSB10]
Given,

Sensor Readings:z0:T = z0, z1, z2, ...,zT and

Odometry:u1:T = u1, u2, u3, ...,uT

Find,

Posterior: p(x0:T , m|z0:T , u1:T )

SLAM is solved over time (0:T), and the result is given as a conditional probability of the path
(x0:T: pose over time) and map (m), given sensor readings (z0:T), and control and odometry (u1:T)
over time. This probability is usually Gaussian, which aids in the better estimation of unknown
situations over time. Many LiDAR-based SLAM algorithms employ Monte Carlo-based Kalman
Filters or Particle Filters [Gri05] and [Gri07] (also known as Sequential Monte Carlo), whereas
Visual (camera-based) SLAM employs Structure from Motion (SFM) techniques to estimate camera
pose and motion in the environment by processing multiple images of the same environment taken
from di�erent angles.

2.1.3 Sensors

To try to tackle the SLAM challenge, a number of sensors have been utilized. Exteroceptive sensors
can be classi�ed based on the number of sensors or the type of data. There are short range sensors,
such as ultrasonic sensors, and long range sensors, such as LiDAR and cameras. Sensors give color
(Red Green Blue (RGB)) images, depth images, 2D point cloud, and 3D point cloud for perception
and mapping, depending on the type of input. Proprioceptive sensors for measuring the odometry
of a moving platform include encoders, an IMU, and GPS. The strength of the received signal from
beacons is also used to locate a robot on a map. The beacons serve as benchmarks for estimating
the robot's pose.
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2.2 ROS - Robot Operating System

2.2.1 Fundamentals of ROS

Most of the information presented in this section is referred from [QGS15]. ROS is an open-source
framework to send out commands to the robot and make them perform certain tasks. It provides a
common software platform for people who want to build robots and program them, share codes and
ideas and do not spend years building a software architecture to make the robot move.

ROS consists of the following parts :

ˆ A number of software drivers that are capable of reading sensor data and send commands to
the actuators/motors of the robot.

ˆ An extensive multitude of algorithms to support various functionalities like building maps,
navigation, localization, manipulate objects and lot of other stu�s.

ˆ A large set of tools to enable visualization of the robot state and validate the algorithms
running in the system.

ˆ Finally, ROS is an open-source so there is a large community of developers and users that
can provide solutions to a spectrum of problems which may arise during the work. There is
enough documentation available to walk one through the various stages of development.

2.2.1.1 TheROSGraph

A ROS System is made up of a collection of programs that run simulateneously and communicate
with each other by passing messages. A mathematical graph is used to depict the communication
between the nodes i.e. the programs and the messages. Such a graph is called ROSGraph and it is
very helpful when one wishes to view all the programs herein called nodes at a glance. Any ROS
system can be represented using the ROSGraph. Thus, the ROSGraph node is a software module,
the graph edge is the message exchange between the nodes.

Figure 2.4: A ROSGraph after running the teleoperation node (teleop twist keyboard package) and
Hector SLAM package on the Ohmni Robot
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2.2.1.2 ROS Commands-Line Tools

1. roscore : roscore is a collection of nodes and applications that are necessary for a ROS-based
system to operate. In addition for ROS nodes to communicate, a roscore must be running.
The roscore command is used to launch it.

If one uses roslaunch, it will start roscore immediately if it detects that it is not already
operating.roscorestarts the ROS Master, a ROS parameter server, and a rosout logging node.

Figure 2.5: It is essential for roscore running so that the ROS nodes can communicate with each
other

2. rosrun : rosrun allows you to use the package name to directly run a node within a package
(without having to know the package path).[soulec]

3. rosnode : Displays debugging information about ROS nodes, including publications,
subscriptions and connections. Commands:

ˆ rosnode ping : Test connectivity to node.

ˆ rosnode list : List active nodes.

ˆ rosnode info : Print information about a node.

ˆ rosnode machine : List nodes running on a machine.

ˆ rosnode kill: Kill a running node. [souled]

4. roslaunch : This command line tool is used to start a roscore (if required), a number of local
nodes, remote nodes through Secure Socket Shell (SSH), and sets parameter server.

5. rosservice :A tool for listing and querying ROS services. Commands:

ˆ rosservice list: Print information about currently active services.

ˆ rosservice node: Print the name of the node that is delivering a service.
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ˆ rosservice call: Use the speci�ed args to call the service.

ˆ rosservice args: Returns a list of a service's arguments.

ˆ rosservice type: Displays the service type.

ˆ rosservice uri: Print the ROS Services and Parameters (ROSRPC) service Uniform
Resource Identi�er (URI).

ˆ rosservice �nd: Locate services according on their type.

6. rostopic : The command-line utility rostopic displays information about ROS topics [soulee].
It may currently provide a list of active topics, the publishers and subscribers of a single topic,
a topic's publication pace, bandwidth, and messages written to a topic. Message display can
be con�gured to output in a plotting-friendly format.

At the command line, rostopic, like several other ROS utilities, employs Yet Another Markup
Language (YAML)-syntax to represent the contents of a message.

Figure 2.6: The �gure shows the available topics on the Ohmni robot after running the command
rostopic list inside the Ohmni Docker

7. rosmsg and rossrv :rosmsg and rossrv are useful command-line utilities that o�er developers
with reference material as well as a robust introspection tool for learning more about data being
broadcast in ROS.The command-line utility rosmsg provides information on ROS Message
kinds.The rossrv command-line tool displays information about ROS services.[soulef]

2.2.1.3 ROS Logging Tools

1. rosbag : In ROS, a bag is a �le format for holding ROS message data. Bags play a crucial
role in ROS, and a number of tools have been built to let users to store, process, analyze, and
visualize data.
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ROS bags are supported via the rosbag command-line utility. It can capture a bag, republish
messages from one or more bags, describe a bag's contents, verify message de�nitions, �lter
messages based on a Python expression, compress and decompress a bag, and reconstruct a
bag's index.

2. rqt_graph and ros_depth : Tools for presenting graphs of active ROS nodes with connected
topics and package dependencies.

3. Transform Frame (TF)_echo : A tool that prints the information about a particular
transformation between a source frame and a target frame.

2.2.1.4 ROS Data Visualization Tools

1. view_frames : A tool for visualizing the full tree of coordinate transforms.

Figure 2.7: The �gure shows the available nodes on the Ohmni robot after integrating the laser
scanner and running Hector SLAM Algorithm

2. rqt_plot : A tool for plotting data from ROS topic �elds.

2.2.1.5 catkin, Workspaces, and ROS packages

ˆ catkin is a ROS build system which comprises of a set of tools that ROS uses to generate
programs, libraries, scripts, and interfaces that other code can utilise. It includes CMake
macros and custom Python scripts. CMake is an open-source build system and package.xml
adds speci�c information to make things work as per the use cases.
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ˆ Workspaces : Before the development process begins it's important to set up the place
where the code lives. A workspace is a collection of directories in which the ROS code
resides. There is a possibility of having multiple workspaces but at a point in time only one
can be used.

ˆ ROS Packages : ROS is arranged into packages wherein each of them contain code, data
and documents. Packages are available inside workspaces in the src directory. Each package
must contain CMakeLists.txt �le and a package.xml �le.

2.2.2 ROS Visualization Tool

Rviz is a three-dimensional visualization tool for ROS applications. It displays the robot model,
collects sensor data from robot sensors, and replays captured data. It can visualize the data from
cameras, lasers, 3D and 2D devices, and also images and point clouds.
To complete the actions listed above, rviz must be open and connected to a simulation job that is
running.

Figure 2.8: The robot model visualized in rviz

2.2.3 Robotic Simulation - Gazebo

Gazebo is a 3D interactive simulator that can correctly and e�ciently model robot populations in
complicated indoor and outdoor situations. While similar to gaming engines, Gazebo provides
far better resolution physics modeling, a range of sensors, and interfaces for both end-users and
programs. The simulation model for Ohmni telepresence robot is as shown below.

2.3 Docker

Docker is a container management service. The important features of Docker are :
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Figure 2.9: The robot model in Gazebo simulator designed by Ohmni Labs

ˆ Docker has the capacity to reduce development size by o�ering a reduced operating system
footprint via containers.

ˆ Containers make it easier for teams from various areas, such as development, Quality
Assurance (QA), and operations, to collaborate across apps.

ˆ Docker containers can be deployed everywhere, including on virtual machines, as well as in
the cloud.

ˆ Docker containers are extremely scalable due to their small size.[poi17]

2.3.0.1 Images :

Everything in Docker is based on Images. An image is made up of a �le system and parameters.
The Ohmni Developer Edition includes a robust Docker virtualization layer that allows any version
of Ubuntu to operate inside Ohmni.

The default command to run is dockerenv, which can be executed from any adb or ssh shell. This
will pull the ohmnilabs/ohmnidev image from the Docker Hub repository, which is an Ubuntu 18.04
base image with some additional utilities added.[labna]

2.3.0.2 Containers :

Containers are Docker image instances that can be run with the Docker run command. Docker's
primary function is to execute container.

26



2.4 LiDAR-based SLAM

Figure 2.10:List of available docker containers created on the Ohmni docker

2.4 LiDAR-based SLAM

Data from the surroundings (exteroceptive) as well as data from the robot (proprioceptive) are
required for SLAM to function. Exteroceptive sensors such as LiDARs, cameras, and sonars are
used in various ways to generate relevant data from the surroundings. Furthermore, proprioceptive
data is commonly obtained via wheel encoders or sensor fusion of acceleration and orientation data
from an IMU. It is critical to ensure that the SLAM algorithm receives and processes all of this data.
The exteroceptive sensors are used to locate landmarks in the surroundings, which are then used to
build a map by learning, and they are also used to localize within the map that has been built. After
detecting and processing new landmarks, the SLAM algorithm attempts to correlate these new
landmarks with any previously seen landmarks. Obstacles can act as landmarks, while landmarks
can behave as obstacles. At times, the SLAM algorithm is localizing and mapping landmarks in the
robot's real-time path planning.

As the robot explores and scans its surroundings, the SLAM system estimates the robot's current
position inside the map using odometry data. This estimation is compared against environmental
readings collected from sensors in order to permit corrections if these readings are found to be
erroneous. The procedure is repeated until a comprehensive map of the environment is produced. A
simple LiDAR-based SLAM algorithm is composed of �ve major components: landmark extraction,
data association, state estimate, state update, and landmark update. The �gure below gives a detailed
view of the process.[RB03]

Hector SLAM

Hector SLAM is an open-source method that uses a laser scan sensor to create a 2D grid map of the
surrounding area (LiDAR). This system uses scan matching to determine the robot's location rather
than the odometry of the wheel, which is a common method in other SLAM techniques. The robot's
traveling trajectory is usually measured via odometry. As a result, a series of poses (positions and
orientations) all pointed to an initial pose in which the odometry frame is located. It's important to
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Figure 2.11:LiDAR-based SLAM process

note that odometry does not refer to any external or global frame like a map. When compared to the
robot's real ground truth path, odometry su�ers from drift due to the lack of a global reference.
This drift continues to increase inde�nitely throughout time. After long courses (> 1 km), more
exact odometry systems may have a drift of a few cm and a few degrees, whereas less precise ones
may have drifts of several meters after running a few hundred meters. Anyway, all of them will
always have an unbounded drift.

Due to its rapid update rate, the LIDAR is able to complete the scan matching task to locate the
robot quickly and accurately. The Hector algorithm employs the Gaussian Newton minimization
approach, which is considered an update to the Newton method and has the advantage of not
requiring the computation of second derivatives. By obtaining the transformation T, this method is
utilized to determine the best laser scan end point in relation to the construct map.

³ Æ(px ,p y , ª )
where,

³ ¤ Æar gmin
Í

([1 ¡ M (Si (³ ))]2)

Where M is the map andSi is the coordinates of the laser end point. After that, the error could be
expressed as:

Í n
i Æ1([1 ¡ M (si (³ Å ¢ ³ ))]2) ! 0

Then,¢ ³ goes to zero and M is factorized using the Taylor series, therefore
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¢ ³ ÆH ¡ 1
Í n

i Æ1[¢ M (si (³ ))(±si (³ )/ ±³ )]T [1 ¡ M (si (³ ))]

where

H Æ[¢ M (si (³ ))(±si (³ )/ ±³ )]2

This algorithm, on the other hand, does not have a closed- loop; it closes its loop in the real world.
It has the advantage of requiring less energy to avoid changes in dynamic surroundings.

2.5 Localization - AMCL

2.5.1 Particle Filter

A large number of particles spanning the whole state-space are used to establish particle �lters. As
one collects more data, one predicts and updates their measurements, resulting in a multi-modal
posterior distribution for the robot. This is in stark contrast to a Kalman Filter, which approximates
the posterior distribution as Gaussian. The particles converge to a single value in state space after
several iterations. The steps followed in a particle �lter approach are as mentioned below:

ˆ Re-sampling: Draw a random sample from the sample set using replacement according to
the (discrete) distribution described by the important weights. This sample can be considered
an example of the belief. In simple terms, draw a new set of particles with replacement from
the existing (and weighted) set of particles. While doing so, give preference to particles with
high weights. Particles with large weights are drawn more frequently, while particles with
low weights are drawn less frequently. Maybe just once, or maybe not at all. All weights are
given the same weight after re-sampling.

ˆ Sampling: To sample from the distribution that describes the dynamics of the system, use
past belief and control information. The density determined by the product of distribution
and an instance of the prior belief is now represented by the current belief. The proposal
distribution used in the next stage is based on this density.

ˆ Importance sampling: The sample is weighted by the importance weight, which is the
likelihood of the sample X given the measurement Z.

Each of these three procedures generates a sample selected from the posterior belief for each
repetition. The relevance weights of the data are adjusted after n repetitions so that they sum to 1.

2.5.2 Adaptive Particle Filter for Robot Localization

The random distribution of particles throughout the state space is a signi�cant di�culty with particle
�lters, which gets out of hand when the problem is high dimensional. Because of these factors,
an adaptive particle �lter is far superior to a simple particle �lter in terms of convergent time and
computational e�ciency.
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The core concept is to limit the inaccuracy generated by the particle �lter's sample-based repre-
sentation. The real posterior is assumed to be given by a discrete, piecewise constant distribution,
such as a discrete density tree or a multidimensional histogram. The number of samples can be
determined for such a representation so that the distance between the sample-based Maximum
Likelihood Estimate (MLE) and the true posterior does not exceed a pre-speci�ed threshold. The
number of particles required is proportional to the inverse of this threshold, as determined in the
end.

To utilize an adaptive particle �lter for localization, we start with a map of the surroundings and
either put the robot to a speci�c place, in which case it is manually localized, or we can start the
robot from no initial estimate of its position. Now, produce new samples as the robot goes ahead,
predicting the robot's position after the motion order. By re-weighting these samples and leveling
the weights, sensor readings are integrated. In general, adding a few random uniformly distributed
samples is bene�cial since it aids the robot's recovery in circumstances where it has lost track of its
position. If these random samples are not provided, the robot will continue to re-sample from an
inaccurate distribution and will never recover. Because there may have dis-ambiguities inside a
map due to symmetry in the map, which is what gives us a multi-modal posterior belief, it takes the
�lter numerous sensor readings to converge.
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3.1 Literature Survey

Simultaneous localization and mapping is a broadly researched topic in robotics, and therefore a
considerable amount of literature is available in the form of books and scienti�c papers. A primary
requirement of the Master Thesis was to implement SLAM on the Ohmni robot. For that aim, the
author looked at some of the previous implementations on various robots and attempted to adapt
the same notions to the telepresence robot.

[LH02] explains the Intelligent Space concept. Intelligent Spaces are rooms or locations that are
�tted with sensors that allow them to sense and understand what is going on around them. People
or systems in the Intelligent Space can use additional functionalities provided by the space with
such features. This work re�ects the very purpose/goal of acquiring the robot for the laboratory.
[SATS20] gives a detailed overview of a LiDAR sensor for 2D mapping construction in an unknown
environment and its capability to localize itself based on landmarks detected. The LiDAR sensor is
placed on a vehicle, and the robot is moved around the environment. The experiment considers
both the static and dynamic obstacles entering and leaving the environment, which was a signi�cant
takeaway from this paper. The results are tested at di�erent velocities of the robot and scanning
rates of the laser sensor. However, the paper did not mention the challenges faced during the
experiments conducted and only focused on the direct implementation of the SLAM algorithm.
[AZ18] identi�es the challenges that SLAM faces, as well as a discussion of several fundamental and
contemporary SLAM algorithms. The research direction for this subject, as well as the challenges
and unresolved issues, were presented in the paper. However, a novel SLAM technique had to
be developed to address the di�culty discussed in the research [AZ18] . [YLC+19] presents the
experimental platform and data for LiDAR-based SLAM in this work. The history of SLAM
technology development and related algorithms is discussed. Finally, the future of LiDAR-based
SLAM technology is examined.

Another very valuable read was [QGS15] which gives elaborate information on programming robots
with ROS. It explains the small steps needed to set up a robot system which was greatly useful
for this Master Thesis. An overview of ROS, an open-source robot operating system, is presented
in [QCG+09] . ROS is not an operating system in the classic sense of process management and
scheduling but rather a structured communications layer that sits on top of the host operating
systems of a heterogeneous compute cluster as described by the paper. Also the website [soulee] is
a true guide to deep dive into the world of ROS. It gives speci�c information to implement various
functionalities on any robot model using ROS. [Zhe21] illustrates the various ways in which the
ROS navigation stack parameters can be tuned. [RMV19] examines the Adaptive Monte Carlo
Localization parameters (AMCL) against the results of the localization which helps in giving a
closer understanding on the factors to be considered while setting the parameters for any given
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robot model. [XGG+19] performs SLAM using open-source algorithms gmapping, hector SLAM
and karto SLAM to generate maps of the indoor environment and the concluded that the results are
accurate and high precision grid maps can be constructed.

The paper [XZZH15] describes implementing an autonomous navigation system on wheeled mobile
robots based on ROS. Robotic kinematics of motion is discussed for the custom robot's four-wheel
di�erential drive mechanism. A new method of SLAM is introduced in the above-mentioned
paper, which utilizes laser range sensors �xed in intelligent space. This approach utilized in the
aforementioned research communicates with the mobile robot's SLAM. In addition to typical
FastSLAM, the mobile robot's laser scan �ndings are compared with a map created by dispersed
laser scanners in the intelligent space. As a result of the cooperative SLAM with the intelligent
space, a more accurate map may be created. [HM11] introduces a new SLAM method, which
utilizes laser range sensors �xed in intelligent space. This approach communicates with the mobile
robot's SLAM. In addition to typical FastSLAM, the mobile robot's laser scan �ndings are compared
with a map created by dispersed laser scanners in the intelligent space. A more accurate map may
be created as a result of the cooperative SLAM with the intelligent space.

[MRM20] compares the travelled path and planned path of a virtual di�erential drive robot in
Gazebo-ROS simulator and concluded that the di�erences mainly existed because of varied sensor
accuracy, environment conditions, and number of obstacles. The evaluations are useful to improve
the path planning and in turn the performance of the robot.[LS18] presents the design of a modular
robot platform. The work involves the use of LiDAR and RGB-D camera kinect as the main sensors
to obtain the information of the environment. Their experimental results show that the system can
produce a map that is compatible with the environment in an indoor environment, and that the map
can be used to accomplish the autonomous navigation task. A comparative study of �ve di�erent
SLAM algorithms is given in [JBM+19]. It gives a detailed description of the various metrics used
to compare the algorithms and which one works best under the given circumstances.

All the above literature survey provided the author with the essential information to start the work
and also allowed to understand the research journey from the fundamentals till date. It also helped
to �gure out the research methodology and reinforced the ideas to be used in the Master Thesis. All
the unsolved problems presented as the drawbacks or limitations of their research work are potential
goals for the Master's Thesis. It would have been impossible to proceed with the work without
having a deep understanding of the background work done in the said �eld.

3.2 The Test Bed - Ohmni Telepresence Robot

The simulation model for the robot is developed by Ohmni labs to support the autonomy stack. At
the moment the simulation includes :

ˆ For RGB camera, KOLVN o�ce model with texture and material. Sketchup was used to
create this model, and Blender was used to add material and texture mapping.

ˆ Sensor plugins: depth camera, navigation camera, telepresence camera, IMU, laser range
sensor.

ˆ Actuator plugins: di�erential drive, neck servo.
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Figure 3.1: Gazebo model for Ohmni robot simulation

The simulation model is integrated with rviz and includes ROS packages like teleop to move the
robot model in the simulation environment. Developers who want to use Ohmni in ROS or Gazebo
with a simulation package can use the github repository to get the current public release of the
Ohmni simulation models. The connection to the robot is required to start working with it or deploy
custom code. Below are the steps to enable communication with the robot

ˆ To access the shell on the smartphone, go to the Ohmni app's settings button (on the blue
screen), and then tap 7 times on the �Version Name� item. This will reveal all hidden items.

ˆ Scroll to the bottom and enable the �Enable Android Debug Bridge (ADB)� option. This
will start the ADB daemon, allowing you to connect from the local network.

Once the connection is established, ROS developers can utilize the docker virtualization layer to
run the ROS framework on top of Ohmni OS. Besides the tb-node which is required to operate the
robot drivers. There is another node available as docker image _control to simply the task. The
steps to use the docker image is as follows :

ˆ It is crucial to turn o� the serial port used by the tb-node, because the tb_control will also use
the same serial port. The command to turn o� the tb-node is :
In bot cli> setprop ctl.stop tb-node

ˆ The next step is to pull the docker imageIn bot cli> docker pull�tb_control_docker_image�

ˆ Then run and access the docker.In bot cli> docker run -it �network host �privileged -v
/dev:/dev �tb_control_docker_image� bash

ˆ tb_control is running in a tmux session, could be accessed by the commandInDocker> tmux
attach -t work

ˆ To check the connectivity run the commandrostopic list on the local machine or inside the
docker.

33



Figure 3.2: The tb_control node running in a tmux session after running the above command

Figure 3.3: Set of commands ran on the Ubuntu Linux to enable connection with the Ohmni
Telepresence Robot and checking the connection using the command rostopic list.
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4 Solution Design

4.1 System Components

4.1.1 Hardware Setup

4.1.1.1 LiDAR - Light Detection and Ranging

One of the most important devices for the Thesis was a laser sensor to perform SLAM and obstacle
detection. After doing a bit of research it was decided to use a YDLIDAR X4. It's a low-cost 2D
lidar with a 360-degree range (99 dollars). Only a few lidars are as inexpensive as this one, one of
which is the RPLidar A1M8. One of the reasons for choosing this LiDAR is that it is compatible
with the ROS and the Ohmni robot. Connect the adapter board and the X4 �rst, then the Universal
Serial Bus (USB) cord to the adaptor board's USB port and the Personal Computer (PC). The Micro
interface of the USB interface is connected to the USB DATA of the USB adapter. The X4 enters
idle mode after being switched on, and the motor does not rotate. Because the drive current of some
development platforms or PCs' USB interfaces is low, the X4 requires access to the +5V auxiliary
power source; otherwise, the radar will operate improperly. In that instance, the USB-PWR pin can
be used to provide power. When the ydlidar was attached to an HP laptop, only the USB DATA
point was required, but when it was linked to a Raspberry Pi, both the data and power pins were
required.

Figure 4.1: YdLiDAR X4 mounted on Ohmni Robot and connection made to the PC

4.1.1.2 Raspberry Pi

The Raspberry Pi is a small device that can run complete Linux operating systems. Raspbian is
an operating system for the Raspberry Pi that is based on Debian (a Linux distribution). Ubuntu
Mate is installed on the Pi in this project. It supports ROS which has been discussed in the previous
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chapter. The Raspberry Pi was �rst released in 2011 and has seen numerous upgrades since then.
The Raspberry Pi 4 model B+, with a 1.5 GHz processor, four cores, four USB ports, and an
uncoated circuit board, is used. The Raspberry Pi also has an Synchronous Dynamic Random
Access Memory (SDRAM) of 8 GB and a micro-SD socket for a bootable micro-SD. To control
the Raspberry Pi from the laptop i.e. to send the commands and launch the visualization, Virtual
Network Computing (VNC) connector was employed. The block diagram gives the details of the
data �ow between the di�erent hardware components used.

4.1.1.3 Power Bank

A power bank to supply constant power to the Raspberry Pi is used. It is a 20100 mAh USB-C type
product by Aukey. It ensures that the device is charged at the fastest rate upto 2.4 A. The power
bank was needed as we require the robot to move around freely in the lab and having a wireless
power supply was the only option.

Figure 4.2: Hardware architecture and data �ow

4.1.2 Software Setup

4.1.2.1 Hector SLAM Mapping

Simultaneous Localization and Mapping (SLAM) is a problem that attempts to localize itself while
also mapping the environment. Depending on the situation, there are a variety of options. The
SLAM system is a collection of algorithms that work together to tackle challenges like simulation
and simultaneous mapping. As previously stated, this project makes use of ROS (Robot Operating
System), a framework for controlling robotic components from a computer. The ROS system is
made up of a number of free nodes that communicate with each other via a publisher/subscribe
model. The Robot Operating System (ROS) is a software development framework for robots. It is a
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set of tools, libraries, and protocols designed at making the work of developing strong and resilient
robot behavior easier across a variety of robot platforms. ROS was created from the ground up to
encourage the development of robotic collaborative software.

Figure 4.3: Basic components of software system

The performance of HectorSLAM was examined in this study. HectorSLAM combines a powerful
scan matching technique with a 2D SLAM system. In this experiment, the estimation of robot
movement in real time is put to the test. For particle �lter-based mapping, Hector SLAM is
considered state of the art. This SLAM technique can be utilized without an odometer and on
platforms that display sensor roll or pitch motion. While the system lacks explicit loop closing
capability, it is accurate enough for many real-world applications. So, the �rst step is to install
the HectorSLAM package for ROS and add the launch �le shown inFigure 4.4. This �le is a
supplement to the lidar.launch �le, which can be found in the launch folder. To do mapping, a
few things are added to the lidar.launch �le. In addition to the base link to laser broadcaster, two
transform broadcasters have been introduced.

1. map to odom

2. odom to base_link

There are two launch �les supplied.

1. mapping_default from hector mapping package

2. From the hector geoti� package, geoti�_mapper.launch.

The parameter values from the previous �le, lidar.launch from the ydlidar package have been
preserved. The transform broadcaster was required to transform data from the laser node to the map
node; otherwise, the map would not be valid.

4.1.2.2 Robot Setup - Location of sensors and coordinate frames

The location and placement of sensors on the robot are critical since they determine perception and
measurement accuracy. The type of measurement and the sensor's range determine the sensor's
location. The location of LiDAR and its transform frames with regard to the ohmni robot base
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Figure 4.4: Launch �le for HectorSLAM node

will be discussed in the next subsections. The traditional method of determining the position and
orientation of a robot'slink (component/part of the robot) is to assign a coordinate to it. Ajoint
connects two or more links together.

With the use of transformation matrices, the mobility of each link with respect to the robot base (or
base link) may be simply computed once the coordinate frames for the system have been de�ned.
A transformation matrix is a helpful tool made up of combinations of rotation and translation
matrices. An example of a transformation matrix is shown below, which is de�ned as a transition
from arbitrary frame A to arbitrary frame B.

Figure 4.5: Transition from arbitraty frame A to arbitraty frame B

The Uni�ed Robotic Description Format (URDF) is an Extensible Markup Language (XML) �le
format for describing all aspects of a robot in ROS. The robot model and the coordinate frames were
created using ROS URDF package to match the actual robot description. The coordinate frames
and their names are shown in Fig. 4.6 with the robot model. These coordinate frames are used to
establish transformations between various sections of the robot, which aids in de�ning the mobility
of speci�c links (parts) in relation to the robot base frame and the world frame.
LiDAR (laser frame) The LiDAR is being utilized in this project to create a 2D map of the robot's
surroundings, with special attention paid to the walls of the room or laboratory, as well as obstacles
such as tables and chairs. The LiDAR could not be mounted at the bottom of the robot since it
would negate the aim of identifying objects that are 50-100 cm o� the ground. A standard o�ce
chair, for example, has four wheels and is supported by a rod-like framework; if the laser is placed
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Figure 4.6: Coordinate frames of the Ohmni robot with the laser_frame integrated and the corre-
sponding code from the urdf �le with the laser frame link and joint

at a low position, it will only identify the support as a point rather than the whole body of the chair,
resulting in false data on the map. Similarly, the LiDAR could not be mounted too high on the
robot since it would miss any nearby obstacles. The trade-o� determined that the LiDAR should be
mounted on the robot's tube link at around 50 cm above ground level, just below the average height
of obstacles in the environment.

4.1.2.3 Robot Con�guration Setup

Robot Con�guration Launch �le : The robot uses tf to publish coordinate frame information,
receiving sensor msgs/LaserScan messages from the LiDAR that will be used with the navigation
stack, and publishing odometry data using both tf and the nav msgs/Odometry message, as well as
receiving velocity commands to send to the base.
The �rst step was to create a package that contained all of the navigation stack's con�guration and
launch �les. This package depends on the move base package as well as any other packages used
to create the Robot URDF model above. The next step was to create a roslaunch �le that brings
together the hardware and transform publishes that the robot needs. The robot URDF �le is called
in this launch �le. Any sensors that the robot uses for navigation is brought up in this step. The
laser sensor was used in this work. This �le also contains the odometry for the robot's base as well
as the transform con�guration. The �le can be viewed in the �gure 4.7 given below.

Costmap Con�guration: Costmaps are used by the navigation stack to hold information about
obstacles in the real world. The costmaps need to be aware of the sensor topics they should listen
to for changes in order to achieve this successfully. There are two kinds of costmaps - local and
global. There are some parameters which are common to both costmaps and therefore listed under
a common �le - common_costmap.
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Figure 4.7: Ohmni Con�guration Launch �le

The common_costmap_params �lecontains parameters that set threshold limits on obstacle
information put into costmap is found in common costmap params �le. The �obstacle range�
parameter speci�es the maximum sensor range at which an obstacle will be included to the costmap.
It is set to 0.1 meters, which means the robot's map will only be updated with information about
obstacles within 0.1 meters of the base. The �raytrace range� parameter speci�es the range for
which we will raytrace freespace for a given sensor reading. Setting it to 1.0 meters indicates
that, given a sensor reading, the robot will attempt to clear space in front of it up to 1.0 meters
away. For small spaces, it is nice to keep the value in centimeters as very high value could lead
to high cost which might lead to inaccurate results. The footprint of the robot is rough estimate
of the dimension of robot base. Setting the in�ating radius to 0.2 meters, indicates that all paths
that stay 0.2 meters or more away from obstacles will be treated as having the same obstacle cost.
The �observation sources� parameter speci�es a laser sensor that will send data to the costmap.
Theglobal_costmap_param �lecontains �global frame� which speci�es the coordinate frame in

Figure 4.8: common_costmap_params.yaml �le

which the costmap should execute; the /map frame in this project. The �robot base frame� speci�es
the coordinate frame used by the costmap for the robot's base. The �update frequency� sets the
frequency at which the costmap's update loop will run in Hz. The update frequency and publish
frequency are set tolow valuesbecause it a�ects the performance of the code if set otherwise. The
parameters were tuned to suit the Ohmni robot system. Setting the frequency to a high value would
put a lot of pressure on the RAM of the controller in this case the Raspberry Pi. The �static map�
states whether the costmap should be initialized using a map from the map server. It is set to true
because an already saved map is being served to it.
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The �costmap 2d::Costmap2DROS� object makes considerable use of tf to insert data from sensor
sources into the costmap. It assumes that all transforms between the global frame, robot base frame,
and sensor sources are connected and up-to-date. Thetransform tolerance parameter speci�es the
maximum amount of latency between these transforms that can be tolerated. The navigation stack
will stop the robot if the tf tree does not update at the expected rate. The parameter �rolling window�
implies that the costmap does not represent the entire environment, but merely the immediate
surrounding (e.g. 5m x 5m around your robot). The costmap will then follow the robot and be
updated when new sensor data is received. Therefore it is set to false in the global map.

The local_costmap parameters �le speci�es some plugins. In two dimensions, the Obstacle-
CostmapPlugin marks and raytraces obstacles. The in�ating layer is a costmap optimization
that adds extra values around lethal barriers (i.e. in�ates the obstacles) to represent the robot's
con�guration space. Other parameters are same as the global costmap.

Figure 4.9: The local and global parameters costmap �les

Base Local Planner Con�guration: Given a high-level plan, the move base local planner
is responsible for determining velocity commands to send to the robot's mobile base. The
move_base_params and dwa_local_planner together set the parameters in this case. TheFigure
4.10gives a detail of the values for these parameters. The �nal velocity of the robot is set to 0.5 m/s
as it was calculated to be the optimum.

4.1.2.4 Navigation Stack Setup

AMCL Package Con�guration: The AMCL package keeps track of a probability distribution
for all conceivable robot poses and updates it using data from odometry and laser range�nders.
A predetermined map of the environment against which to compare observed sensor data is also
required by the package. The AMCL package uses a particle �lter to describe the probability
distribution at the implementation level. The �lter is �adaptive� because the number of particles in
the �lter is dynamically adjusted: when the robot's pose is very uncertain, the number of particles
is increased; when the robot's pose is well known, the number of particles is reduced. This leads to
a trade-o� between the processing speed of the robot and the localization accuracy.

There are a number of parameters that can be tweaked based on one's understanding of the platform
and sensors employed. Con�guring these parameters can improve the AMCL package's performance
and accuracy while reducing the number of recovery rotations the robot makes while navigating.
Overall �lter, laser model, and odometry model are the three types of ROS parameters that can be
utilized to con�gure the AMCL node.

41




	1 Introduction
	1.1 Motivation
	1.2 Problem Statement
	1.3 Research Methodology
	1.4 Organization

	2 Background
	2.1 Background
	2.1.1 Autonomous Systems
	2.1.2 Common Pipelines
	2.1.3 Sensors

	2.2 ROS - Robot Operating System
	2.2.1 Fundamentals of ROS
	2.2.1.1 TheROSGraph
	2.2.1.2 ROS Commands-Line Tools
	2.2.1.3 ROS Logging Tools
	2.2.1.4 ROS Data Visualization Tools
	2.2.1.5 catkin, Workspaces, and ROS packages

	2.2.2 ROS Visualization Tool
	2.2.3 Robotic Simulation - Gazebo

	2.3 Docker
	2.3.0.1 Images :
	2.3.0.2 Containers :

	2.4 LiDAR-based SLAM
	2.5 Localization - amcl
	2.5.1 Particle Filter
	2.5.2 Adaptive Particle Filter for Robot Localization


	3 State of the Art
	3.1 Literature Survey
	3.2 The Test Bed - Ohmni Telepresence Robot

	4 Solution Design
	4.1 System Components
	4.1.1 Hardware Setup
	4.1.1.1 LiDAR - Light Detection and Ranging
	4.1.1.2 Raspberry Pi
	4.1.1.3 Power Bank

	4.1.2 Software Setup
	4.1.2.1 Hector SLAM Mapping
	4.1.2.2 Robot Setup - Location of sensors and coordinate frames
	4.1.2.3 Robot Configuration Setup
	4.1.2.4 Navigation Stack Setup
	4.1.2.5 Map-Based Autonomous Navigation



	5 Experimental Set up and Results
	5.1 ROS master configuration
	5.2 Test Case 1 - Mapping the room environment
	5.3 Test Case 2 - Mapping the laboratory
	5.4 Localization of the robot on the resultant maps
	5.5 Map based autonomous navigation
	5.6 Performance Analysis
	5.6.0.1 System Performance
	5.6.0.2 Testing map-based navigation behaviour at different velocities


	6 Conclusion
	Bibliography

