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ABSTRACT

Robotic Navigation Aid (RNA) provides an option for visually impaired people for self-
navigation and allow them to travel independently. However, current research does not take
into consideration the varying characteristics and different states of obstacle which is
present in the surrounding. Current methods of obstacle avoidance have been one-
dimensional and limited in terms of representing the real-life surrounding when it comes to
simulation and experimental conduct. Navigations are done either within a confined space
of clear path, passing through static objects or between other mobile robots itself. Dynamic
obstacles are presented within a controlled manner without differentiating class of objects
which is intelligent and have the ability to avoid obstacles by itself. While separating static
and dynamic objects are clear-cut and obvious, the same could not be said about
differentiating moving object and intelligent entity with unpredictable movement.
Moreover, the obstacle avoidance methods which attempt to solve the problem of collision
within varying state of obstacles tend to assume that other intelligent entity follows the
same obstacle avoidance protocol as itself. Furthermore, the presupposition that other
intelligent entity bears equal liability of collision avoidance are too far from the
circumstances faced in real life. Hence, the introduction of novel methodologies of CE-
CBCE & FLC-ORCA attempts to fill in the void within two correlated and fundamental
fields of object detection and obstacle avoidance. The proposed CE-CBCE feature
extraction method detects human, cyclist and vehicles and separates it from other moving
object to be classified as intelligent entity. Sequentially, FLC-ORCA resolves the issue of
diversified position, velocity, acceleration, and density of obstacles and depicts the output
of responsibility to avoid collision and predicts the obstacle character in the next cycle of
scanning. The CE-CBCE feature extraction method recorded 97% detection and
classification when tested using 1200 dataset consist of human, motorcyclist and vehicle
point cloud data. The method is then tested with higher difficulty experiment, where it is
required to recognize the class of the object and at the same time to determine the object’s
pose detection. Impressively, the proposed CE-CBCE vyields 82% of accuracy. Final
experiments conducted within a living room environment with the presence of static
obstacles, human as the intelligent entity and mobile robot TurtleBot 3 as rigid dynamic
object moving without collision avoidance liability. Navigations are observed and its time
of navigation, rerouting occurrence, change of heading angle, occurrence of stoppage and
time of stoppage are recorded. Final results exhibit that the proposed FLC-ORCA method
outperforms other state-of-the-art obstacle avoidance methods. Based on the experiment
conducted, it can be inferred that the proposed FLC-ORCA allows navigation within static,
dynamic and intelligent entity obstacles. It also prevails in avoiding collision within moving
object with different collision avoidance protocol and different liability to circumvent
obstruction. With the proposed method of CE-CBCE and FLC-ORCA, the risk of accidents
and collision within the visually impaired people could be prevented. Therefore, allowing
them to be independent while successfully achieving self-navigation in a safe, secure and
unharmed manner.
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CHAPTER ONE

INTRODUCTION

1.1 INTRODUCTION

For visually impaired people, the most common navigation aid is white canes. While this
gives an excellent solution for a near ground obstacle, uneven surfaces lower than the
ground or obstacles higher than knee level remain undetected. Difficult circumstances such
as moving within a crowd, hanging tree branches and potholes might also cause problems
to visually impaired people. Hence, researchers are keen to explore scientific advancements
which could help the visually impaired community with self-navigating. Mobility aids for
visually impaired people known as Electronic Travel Aids (ETAS) are equipped with
measurement systems to detect objects and avoid collision (Roijezon et al., 2019). Some of
the objectives and challenges of ETA includes detection of obstacle, information on the
travel surface, location of landmarks, identification information, self-familiarization and
mapping of the surrounding (Cardillo and Caddemi, 2019). Through solid ETA
construction, the visually impaired people can be more self-independent, less likely to be
involved in accidents, improve their reachability and finally improve the living lifestyle.
The objective would be to enable the visually impaired people to travel in a safe and secure

condition.

In general, ETAs for the visually impaired person can be classified into three

categories viz., Robotic Navigation Aids (RNA), wearable attachments and smartphone-



based system (Ogawa et al., 2014). RNA or also known as robotic guide dog is a type of
machinery that carries themselves. Usually in the form of wheeled robot, it possesses
simpler dynamics and mechanical necessity. An active RNA moves on its own, preventing
the user from fatigue and decreases burden. However, safety remains as the main issue as
the user completely depends on RNA for navigation. As image processing and video
processing are gaining popularity nowadays, some researchers opted for a smartphone-
based assistive system for visually impaired. Custom applications, maps with the Graphic
User Interface (GUI) and image processing are some of the examples of smartphone usage
in this category. Meanwhile, wearable attachment to the body includes various design,
targeting different parts of the body for device fitting.

Based on Table 1, there are advantages and disadvantages for each type of ETASs.
Depending on the target user, researcher can choose which design will benefit best for their
target subject. In this research, for navigation system to aid visually impaired person
without physical limitation, we chose mobile robot type for the design. There are room for
sensor selection unlike mobile phone systems, and it would not be invasive or require
extensive training as like wearable attachment system. With flexible design possibilities, it
can fulfil the requirement of obstacle recognition, obstacle avoidance and navigation for

visually impaired person to be independent and self-reliance.

Table 1.1 Advantages and disadvantages of varying ETAS

g_‘ifs of Implementation Advantages Disadvantages Ref
—Needs to be compact and
lightweight
sl chuace omaton | Dot
Navigation Smart cane — Converted into a normal white cane ability offers little informati%n on Y'e’ etal '
Aids if the electronics cease to function. Y ol Lo N
wayfinding and navigation 2016)
purposes as it requires bigger and
bulkier hardware




Robotic guide —The system_gives room for_larger 7Complic§ted mechanica_ls while (Ogawa et
dog/ mobile robot hardwarg, as it does not require a user manoeuvring through stairs and al., 2014)
to carry it terrain '
— Suitable for the elderly and people —Safety remains an issue as user
who have a physical limitation mobility fully depends on the
provides navigation and mobility robotic}\l/vhegl/chari)r navigation
Robotic assistance for elderly visually d - d stai gl' b" (Yeetal,
wheelchair impaired who cannot walk on their roa d—%(_)sslmg_an stair clim ;]ng 2016)
own, multi-handicapped, or people are difficult circumstances where
who have more than one disabling the reliability of the wheelchair is
condition of extreme necessity
—The system depends on sensors
available on the smartphone. (Pissaloux
Smartphone | -Android apps —Mobility/portability -May comhmunlbcate with an oute: Velazquez
Based | Maps ~Noloador cerver but then 1 imits the wsage | ¢
System -Image Processing | — Not invasive to the user for Indoor requires certain gllofil%greaud,
orientation for image processing or
internet signal for online maps
—Too much attention is required,
thus giving a cognitive load to the
user (Bahadir,
_ Gives a natural appearance to the - Dev_ices are intrusive as Koncar and
Wearable Evealass isually impaired h sometimes it covers their ears or Kalaoglu,
attachment Yeg visua %’ |mpa|tLe HSEr wige attached on their hands 2012;
navigating outdoors — Users are burdened with the Ogawa et
system’s weight. al., 2014)
— Requires a long period of
training.

Obiject recognition is an integral part of robotics (Wang et al., 2017, 2019; Asvadi
et al., 2018; Li, Chen and Shen, 2019), and it is commonly depending on feature extraction
for object classifications. Accurate classification and object detection enables object
tracking, road signs detection, scene understanding (Xu et al., 2019) and behaviour
recognition (Li et al., 2020). 3D-Light Detection and Ranging (LiDAR) traits based on local
surface and key-points are amongst the main features for extraction within object
recognition (Guo et al., 2014). These key-point detection algorithms extract normal vector,
curvature, variances or any other spatial geometric attributes as its feature extraction
objectives. These key-points are identified for matches between newly detected object and

predicted object following the transformation phase.

In order to provide visually impaired people with save journey to their destination,

one of the most important aspect is to ensure collision-free navigation. It is also a





