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ARTICLE INFO ABSTRACT

Keywords: An autonomous, power-assisted Turtlebot is presented in this paper in order to enhance human
Sma.rt V\{heelchair mobility. The turtlebot moves from its initial position to its final position at a predetermined
Navigation system speed and acceleration. We propose an intelligent navigation system that relies solely on indi-
i];‘?nl\in filter vidual instructions. When there is no individual present, the Turtlebot remains stationary. Tur-
Route tlebot utilizes a rotating Kinect sensor in order to perceive its path. Various angles were examined

in order to demonstrate the effectiveness of the system in experiments conducted on a U-shaped
experimental pathway. The Turtlebot was used as an experimental device during these trials.
Based on the U-shaped path, deviations from different angles were measured to evaluate its
performance. SLAM (Simultaneous Localization and Mapping) experiments were also explored.
We divided the SLAM problem into components and implemented the Kalman filter on the
experimental path to address it. The Kalman filter focused on localization and mapping chal-
lenges, utilizing mathematical processes considering both the system’s knowledge and the mea-
surement tool. This approach allowed us to achieve the most accurate system state estimation
possible. The significance of this work extends beyond the immediate application, as it lays the
groundwork for advancements in wheelchair navigation research by Dynamic Control. The ex-
periments conducted on a U-shaped pathway not only validate the efficacy of our algorithm but
also provide valuable insights into the intricacies of navigating in both forward and reverse di-
rections. These insights are pivotal for refining the navigation algorithm, ultimately contributing
to the development of more robust and user-friendly systems for individuals with mobility
challenges. The data used for this purpose included actuator input, vehicle location, robot
movement sensors, and sensor readings representing the world state. The study provides a strong
foundation for future wheelchair navigation research by Dynamic Control. Consequently, we
found that navigating the Turtlebot in the reverse direction resulted in a 5%-6% increase in
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diversion compared to forward navigation, providing valuable insight into further improvement
of the navigation algorithm.

1. Introduction

Robotics has recently found its most tremendous success in industrial manufacturing. Surface-mounted components, such as those
used in mobile phones and laptop computers, are placed in autonomous machines with human-level precision in electronics. There are
various ways of controlling the mobile robot, which is shown in Fig. 1. First, one needs to know where the robot is, and to know where
the robot is; for that, one needs some sensors [1]. The integration of these components is facilitated by autonomous machines,
showcasing human-level precision in the electronics domain. The paper explores various control methods for mobile robots, as
depicted in Fig. 1. Critical to effective robot control is an understanding of the robot’s location, necessitating the utilization of sensors
[1]. The discussion delves into the types of sensors employed for ascertaining the robot’s location, questioning the viability of GPS as a
solution. While GPS provides X and Y coordinates, its limitations in certain environments prompt an examination of alternative sensor
technologies. The paper aims to contribute to the academic discourse on robotics in manufacturing, shedding light on the intricacies of
robot control methodologies and sensor choices for precise and efficient component placement. The exploration of sensor technologies
aims to foster a deeper understanding of the complexities involved in ensuring accurate spatial awareness for mobile robots in in-
dustrial settings. When a user moves here, one will need a GPS to locate one object and then locate everything concerning it.

1.1. Robotics application as smart wheelchair

Autonomous and powered wheelchair assistance can transfer a human user from one location to another at a predetermined ac-
celeration and speed. A joystick positioned on the armrest was the standard method of wheelchair control in the 2010s. Wheelchair-
accessible residences are often necessary for individuals who cannot walk, underscoring the importance of mobility [2]. Manual
wheelchairs outnumber powered ones, but using a power chair requires the skill and coordination that not every user has. For those
who have trouble or cannot utilize conventional wheelchairs, several scientists are currently employing technology for developing
mobile robots to construct autonomous wheelchairs. Autonomous wheelchairs can be either motorized wheelchairs equipped with a
computer and a suite of electrical sensors or mobile robot bases fitted with seats. Users using autonomous wheelchairs may anticipate
help with things like avoiding collisions, getting through narrow doors, and getting from one place to another without having to do
anything [3].

These self-driving vehicles do not require operator intervention to move from one location to another. Before the operation begins,
all movements are predetermined, and the mobile robot will navigate accordingly. Moving from the initial to the final state is one of the
possible tasks of an autonomous mobile robot. The autonomous mobile robot preprograms the Route to avoid and collide with ob-
stacles. The autonomous vehicle can complete this task using a technique known as Simultaneous Localization and mapping. Because
of their high frequency, the sensors used in autonomous vehicles range from infrared to ultrasonic.

1.1.1. Simultaneous localization and mapping

SLAM is a significant but still relatively new field in robotics. Researchers [4] created a realistic representation of uncertainty in
feature location, which was a significant step toward practical robot navigation implementation. The research paper [5] laid the
groundwork for figuring out how to deal with the errors. Following that, a paper [6] demonstrated the existence of reciprocity between
feature location errors, which is the final step in the SLAM.

1.1.2. Localization model

Consider a mobile robot equipped with beacons, which are precise points that can evaluate/estimate the robot’s direction (pri-
marily vectors) and distance. Assuming the autonomous device does not know where it is, it derives its location from the beacons. As a
result, the location of the autonomous device can be easily navigated. Over time, the evaluation of wheelchair position will never be

Fig. 1. Mobile robot.
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diversified as the beacon’s location is not moveable and recognized; the autonomous device position is always evaluated with some
correct data/information [7].

1.1.3. Mapping model

This model is simply the inverse of what was described above in the localization model. In mapping, it is assumed that the agent
knows its exact location; therefore, motion sensors must be used. In contrast to localization and accurate view, here, the agent does the
feature’s location by building a map. The autonomous mobile robot may request that an environmental map be collected or created to
aid in projecting a path from the starting position to the goal position. Localization entails determining an absolute position in the
environmental space; it entails creating a mapping position and then determining the robot’s autonomous position relative to that
map, as illustrated in Fig. 2.

Lastly, the autonomous robot’s sensors contribute to localization due to the sensors’ inexactness and incompleteness.

1.2. Simultaneous model

Each model explained in the above section requires something as input so the autonomous device works. As in the case of the
localization model, every time the model iterate needs to output the robot position, which requires some of the exact feature locations
so that it helps in map building. However, a mapping model builds a map. Generally, people talk about the input process output model
(usually unavailable), given that the two problems are related and could be combined into one solution. It seems that if both the above
problems are used efficiently and accurately, then there is some hope that the navigation or movement of the robot can be done
without a map. Suppose that the robot starts from some known origin. To construct a preliminary map, the mapping model is used. It
then navigates to a new location and then updates the robot’s expected location, which is discussed in the localization model.

At last, the newly evaluated or estimated position can be used once again to give a new map that is in some manner mixed with that
of the original map [8]. If one repeats this process, a map is supplied for input to the localization and mapping functions. The version
discussed above is the autonomous wheelchair movement, updating its position and then building a map. It allows the wheelchair to be
efficient and use the position to make good maps, which is helpful to users. On the other hand, if the robot moved, it mapped and
localized can be done using the new map. The valuable data gets lost in a second way. Hence, we conclude that the wheelchair position
estimate and approximate map affect each other [9].

1.2.1. Kalman filter

The Kalman filter is a mathematical process that, given specific data or information, estimates that data to get an optimal estimation
of the System based on prior knowledge about the System and the measuring equipment. Robot position and feature location are the
two variables that will be used in SLAM evaluation and calculation. Wheelchair position, sensor readings, sensor data causing motion,
and actuator input are examples of information that might be sent into a Kalman filter [10]. The Kalman filter can best use all the data
to judge robot location, feature map creation, and system knowledge. In Ref. [11], it is said that the Kalman filter will exploit whatever
data or information is at its disposal to reduce the RMSE artificially.

1.2.2. Kalman idea

One of the most critical applications of the Kalman filter is how it enables many observations to be optimally incorporated into a
single state estimate. In the mapping model, we considered that it is expected that feature locations are based on minimizing or
understating the squared error. After then, we extend the way that is appropriate in terms of SLAM in a way that one can come to an
instance of Kalman Filter.

If the robot sensors were noise-free, then SLAM would be trivial within the Kalman filter theory shown in Fig. 3. The System is
expected to be linear and should be white with Gaussian noise; the fundamental job of the Kalman Filter is to handle noise in the best
feasible manner, and this is the System’s primary function. At last, the Kalman Filter works well in practice, and so now a few days,
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Fig. 2. General schematic for mobile robot localization.
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Fig. 3. Typical Kalman filter application.

researchers are continuously using it [12].

Motion planning is easy to understand, yet localization of the robot is a tedious task. The most cutting-edge algorithms are often
difficult to put into practice. Furthermore, integrating various motion planning algorithms into bigger systems targets is also chal-
lenging [13]. Therefore, to help a particular group of users (i.e., those who are suffering from spinal cord injury or not able to move) by
creating a wheelchair system, aka turtle bot, that has no deviation when it moves in doorways or narrow passages, turns, etc. based on
the individual’s instructions [14].

The manuscript centers on a comprehensive study dedicated to advancing the field of robotics, particularly through the devel-
opment and evaluation of an autonomous, power-assisted Turtlebot. The research introduces an intelligent navigation system that
responds to individual instructions, showcasing the bot’s ability to move between predetermined positions at specified speeds and
accelerations. Notably, in the absence of an individual, the Turtlebot remains stationary, underscoring its adaptability to human
presence. A key aspect of the study involves the integration of a rotating Kinect sensor for path perception, with experiments conducted
on a U-shaped pathway to demonstrate the effectiveness of this system at various angles.

Performance evaluation is a crucial component of the research, with measurements of deviations from different angles providing
insights into the Turtlebot’s capabilities. Interestingly, the manuscript delves into Simultaneous Localization and Mapping (SLAM)
experiments, addressing challenges associated with localization and mapping. The researchers approach this problem by breaking it
into components and implementing the Kalman filter on the experimental path. This method incorporates mathematical processes that
consider both the system’s existing knowledge and the measurement tool, aiming for the most accurate system state estimation
possible.

This study offers a comparative analysis, revealing that navigating the Turtlebot in reverse results in a 5%-6% increase in diversion
compared to forward navigation. This observation contributes valuable insights for the ongoing improvement of the navigation al-
gorithm. Overall, the manuscript not only presents a detailed review of the Turtlebot’s capabilities but also introduces innovative
elements, such as the intelligent navigation system, sensor integration, and the application of the Kalman filter, establishing a solid
foundation for future research in wheelchair navigation by Dynamic Control.

This paper aims to evolve a navigation system for autonomous wheelchair operation and to understand the Motivation behind
current SLAM techniques. Most research includes the Kalman Filter (KF) as one of the solutions to the SLAM problem; however, this
paper focuses on the KF and the Kinect camera. Another significant contribution made by this project is a literature review in areas
relevant to autonomous wheelchair navigation systems. The reviews provide a comprehensive but concise overview of autonomous
wheelchair systems.

Section 2 provides an overview of SLAM and highlights its modern applications in autonomous wheelchairs of various types,
including Kinect cameras. Section 3 provides an overview of the proposed methodology and Robot Operating System (ROS), which
includes the turtle bot as our experimental device and is used to evaluate the turtle bot’s deviation from its origin (forward and reverse)
developed in this paper. Section 4 contains the results of running the Turtlebot navigation system on an experimental path. The results
are compared to those obtained by Turtlebot in forward and reverse navigation. Section 5 will discuss work completion with a
summary and an outlook. Future work and areas for improvement are also discussed.

2. Literature review

This section contains a review and development of robots and autonomous wheelchairs, as well as the core components used to
make wheelchairs. According to recent research, these types of autonomous wheelchairs would directly benefit many disabled users.
Compared to traditional wheelchairs, these wheelchairs meet various user needs.

A conventional motorized wheelchair is transformed into a "smart" wheelchair by the addition of a computer as well as several
different sensors. Fig. 4 illustrates the fundamental architectural components.
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Power wheelchairs are designed to make mobility easier for users, most of which are operated with a joystick. The earliest
documented wheelchair was made for Phillip II, King of Spain, from 1527 to 1598) [15]. The major components of the wheelchair are a
footrest to elevate the King’s legs and movable back support. He needed the help of his servants to relocate it because it could not do it
on its own. Stephen Farfler, who was crippled, built a three-wheeled chair that looked sturdy from the outside [16]. A British engineer
created the first powered wheelchair in 1916 [17], but its folding shape made it cumbersome to transport in a vehicle.

The foldable wheelchair was invented in 1932 by Los Angeles engineer Harry Jennings, who also established a corporation to mass-
produce the revolutionary movable wheelchair. Various studies have been undertaken on mobile robots, including a set of wheels
connected to a camera, motor, and actuators, which are physical components that control the unit’s direction and speed [18,19].
Actuators are powered by pneumatic or hydraulic mechanisms and are constructed from fiber-reinforced rubber. It has the requisite
range of motion for robotic limbs like fingers, arms, and legs, with three degrees of freedom (pitch, stretch, and rotation). Automated
guided vehicle (AGV) robots [20] transport components between workstations without human intervention.

Motors, cameras, and actuators are all possible components of a mobile robot. Mapping establishes the region in which the robot
will work, and localization detects the robot’s actual position on the map supplied [21]. "simultaneous localization and mapping"
describe a method that performs localization and mapping in real-time (SLAM). Without human participation, a SLAM solution may be
mapped through a robot employing the minimum sensory devices of mobile robotics, such as motors, cameras, and actuators. Distinct
parts, including a feature, are discrete locations that a mobile robot may use as a reference point or locate an object it has encountered
before. A map is a feature location to predict and identify the robot’s journey. Locating a single feature can aid in localization since the
robot can then determine its position relative to that feature by calculating the direction and distance.

It is possible to estimate the distance and depth with the help of several cameras if the physical dimensions are known [22]. [23].
The following section breaks down the distinct contributions of localization and mapping to SLAM’s evolution, explaining why both
problems necessitate simultaneous solutions. Later [24], we will discuss using a Kalman filter on a mobile robot.

2.1. SLAM-related work

Durant-Whyte and Smith established feature location representation in the 1980s, making SLAM a relatively recent and vital topic
in robotics [25]. Fig. 5 shows how the localization models may be broken down into distinct categories based on their use of extracted
milestones and calculations and their position in time. The former identifies the present location of the robot while the latter spins
around its axis, both of which are used in the robot’s localization process. Think of a mobile robot equipped with beacons or spots with
precise coordinates to quickly evaluate the direction (mainly vectors) and distance. If the robot’s current position is unknown, it may
simply find its way using the information it gathers from nearby beacons. New robot position beacons are required for this purpose.

As can be seen in Fig. 6, several critical articles on the probabilistic Mapping Model in robotics were finally released after many
years of research and development. Cheeseman [26] and Durrant Whyte [27] are credited with pioneering efforts to illustrate the
degree of relationship between assessments of locations on maps, respectively. This strategy allows the agent to identify the feature
that will be used to create the map based on Z0 = z00, z01 .... zOn, and the map may be accurate or precise depending on how the agent
moves it. In a way comparable to the localization approach, the actual locations of the features will vary from those anticipated. The
feature’s location can be found in Z0, and the robot will make a new map called Z1.

Localization and cognition modules are utilized in map-based navigation (Fig. 6); the robot tries to localize itself by collecting
sensor-based data and then updates some notions about its position based on the environmental map. The advantage that may be
gained by using a map as a guide for navigation [29]. The map-based construct of position makes the System’s notion of position
transparent and useable to the users, as shown in Fig. 7.

The solution that relies on maps will need the effort to design or manufacture mobile robots equipped with navigational systems.
The attempt results in a structure that can navigate and map the environment and amortize the design costs over time. The researchers
of the paper [30] propose a system that can assist physically disabled people in controlling the intelligent chair by hand movements. A
similar approach has been developed for those suffering from quadriplegia to control the chair using head movements [31]. The system
positioning of an accelerometer on the upper slope hand to detect roll and pitch angle as shown in Fig. 8.

The primary component of the wirelessly operated wheelchair is a Zigbee module, which gives the user hardware support for
processing packets, buffering data, and assessing clear channels. This allows the user to control the chair themselves, as seen in Fig. 9

(a) and (b).
User Rgbot £
Environment
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unit sensors controller
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Interaction Navigation
Manager Manager

Fig. 4. Smart wheeler architecture [15].
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2.2. Research gap

None of the papers discussed diversion or error estimation of a wheelchair using a turtlebot as an experimental device/instrument.
The papers discussed in Section 2.7 have not evaluated the situations that individuals face in daily life typical of modern office
buildings and narrow doorways and their diversion from origin. In the next chapter 3, one will talk about this diversion to navigate the
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Fig. 9. Block diagram of (a) transmitting end and (b) receiving end.
turtlebot on a U-shaped pathway, calculate the diversion at various angles, and check its implication using the Kalman filter.

3. Proposed methodology

This section presents the experimental method to validate whether the robot can walk/move on the user’s instructions. It will be
done by moving the robot on a specific path. The robot is built on a Robot Operating System (ROS) powered by LINUX [32], and it is
responsible for sensing the Route it is following and making any necessary motions.

3.1. Robot operating system

It is possible to think about ROS as a client/server system despite it being a robot operating system. ROS is an open-source meta-
operating system comprising many different packages, including nodes, master nodes, and other such components.

The provision of services is contingent on a query sent from any given node and receiving a response from a node or terminal
responsible for providing the service in question. Subscribing to a node that provides thorough information is necessary to participate
in topics. The motion planning for the robot is shown in Fig. 10.

The robot must carry out the three tasks between a high-level layer and a low-level layer.

3.2. Robots using ROS

In the next part, we discuss "Turtlebot," one of the many robots that can run ROS software and has been employed in many ap-
plications. They are finding the ROI through repeated detection of the hand results in very noisy tracking. Each frame in the hand
position sequence is estimated and smoothed using the Kalman filter [32, 33]. Hand locations in the picture at time k are input pa-
rameters for the Kalman filter. This filter can anticipate where you will be and how fast you’ll be traveling to get there. The Kalman
filter is used to estimate and smooth the hand’s motion. System’s state and observations are represented in equations (1) and (2)
respectively.

Xt = AXi + Wy

Y, = H Xy + Vi (@D)]

Where X represents the current state of the System, X;; represents the next state, Ay represents the state transition matrix, Yi

Fig. 10. Simplified the representation of a navigation system of our experimental robot.
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represents the measurement state of the System, Hy represents the observation matrix, Wy Represents the dynamic noise that corre-
sponds to the state vector, and Vi Represents the measurement noise that corresponds to the observation matrix.
. . T
Xi = [xk Ve Xk yk]

)

T @
Ye=[x ] -
The estimation vector is
, ' , K AT
Xk:[xk Ve X yk] 3

where x’kz_}/kx/kr and jk represent the location and velocity of the target as anticipated by the Kalman filter, respectively.

Where it is the difference in time between k and k + 1(dt= 1), and k is the initial instant. Wy and V} are presumed to be jointly
independent white noises. Additionally, it is presumed that they are independent of both the state vectors and the measurements. The
following examples demonstrate normal and white distributions:

p(w) ~N(0,0),
p(v) ~ N(O,R). €)

The state transition matrix A and the observation matrix H are derived using equations (3) and (4).

3.2.1. Turtlebot

Turtlebot is a low-cost personnel robot kit with open-source software that combines off-the-shelf robot pieces into an integrated
development platform for ROS application. The software may be downloaded for free from the Turtlebot website. With this, it is
possible to construct a robot with capabilities like seeing in three dimensions, driving about the home, etc.

3.2.1.1. Hardware specification. The leading hardware and specifications of Turtlebot are included as shown in Fig. 11:

(A) Mobile Base and Power Board
e 3000 mAh Ni-MH Battery Pack
e 150°/second Single Axis Gyro with Kobuki Base
e 12V 1.5Amp Software Enabled Power Supply (for powering the Kinect)
(B) 3D Sensor
e Microsoft Kinect
e Kinect Power Board Adapter Cable
(C) Computing is through ASUS 1215 N
e Processors: Intel® Atom™ D525 Dual Core Processor
e Memory: 2 GB RAM
o Graphics: NVIDIA® ION™ Discrete Graphics Processor
e Internal Hard Drive: 250 GB
e Netbook (ROS Compatible) with Ubuntu 12.04
(D) TurtleBot Hardware
e Kinect Mounting Hardware
e TurtleBot Structure
e TurtleBot Module Plate with 1-inch Spacing Hole Pattern, as shown in Fig. 11,

3.2.2. Software specification

When the goal is to contribute to the development of cutting-edge autonomous navigation technologies, one works on a variety of
software, beginning with the low-level "Robot Operating System" (ROS) and progressing up to the high level using different software
packages like OpenCV and PCL.

Fig. 11. Turtlebot specifications.
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3.2.2 Turtlebot brings up.

To start Turtlebot, one has to close the lid of Turtlebot’s laptop, connect it via a USB cable, and run Turtlebot using the commands in
Ubuntu 12.04. One can start the Kinect camera by plugging in the netbook’s USB, as shown in Fig. 12(a) and (b). The detailed work will
show in the next section.

In this, one is going to discuss the instructions needed for the setting up of Turtlebot. The instructions depend on whether the
individual prepared a USB-derived release, and one should export the variables inside the setup script. Fig. 13 displays the minimum
nodes’ flow diagrams. Driven wheels Located in the geographic center (x,y), the turtle bot on two front castor wheels is a disc with a
radius r,,. The definition of a Turtlebot is the collectively represented by equation (5).

V={(,2)eR: (a —x)’+ (2 —-y)’<r} ©)

Fig. 12 shows a robot Turtlebot that is propelled by its two rear wheels and has two castor wheels in front. The { wheelbase
separates the r radii of the two driving wheels at the back. The angle # shown by the symbol depicts how the wheelchair robot is
oriented about the z; the coordinate defines the axis of the cartesian plane z; z,. The center of the wheelchair robot may be found at the
coordinates (x, y), which are situated at a distance of 7 and an orientational angle ¢ of from the centers of the two wheels directly
opposite at the rear of the device. The radial and angular velocities of the right and left rear wheels, respectively, are denoted by the
variables ¢ = vz and ¢; = v; Respectively. To avoid collisions with moving and stationary objects, the Turtlebot robot is surrounded
by the smallest feasible circle. Fig. 12 b depicts a circular safety zone around the Turtlebot robot, with its center at (x,y) and a radius of

Ty = (%)2 + (7 +1)%. So, the Turtlebot’s setup vector looks like this:

q:[x:% 9%(pR7¢L} (6)

Wheel radius and wheelbase kinematic characteristics have been considered to be perfectly known. The restrictions are obtained
concerning (x,y) if the two rear wheels are assumed to be rolling without any lateral slip motion equation (6) and equation (7):

ycos 6 — Asin @ — Oy = 0

. " [T

Xcos 6 + ysin 0 + 59 —rpr =0 @
. o

xcosé-l—ysm@—iﬁfr(p,‘fo.

The derivations discovered in the body, as mentioned above in literature by Refs. [15,17], agree with this finding. Therefore, it can
be said that this finding is consistent. These are the non-holonomic limitations that need to be adequately incorporated into the ki-
nematic model of the wheelchair robot. These constraints apply to the wheelchair robot. The kinematic model of the robot about the
location of its center, denoted by the notation (x,y) € R* , may be obtained as by equation (8):

(b)

Fig. 12. (a) Turtlebot with connecting wires (b) Turtlebot and workstation Setup.
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Fig. 13. Flowchart of Minimal Nodes in Turtlebot.
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The translational components of a wheelchair robot are the elements responsible for describing its location in a space with only two
dimensions. Make it possible for the position of a wheelchair to be adjusted at the proper time t > 0 be x = (x(t),y(t)) and orientational
angle @ = 6(t), with (x(ty),¥(to)) =: (x0,¥0) and 8(ty) = 6, as initial conditions. Att > 0, let (p(t), w(t)) := (x(t), ¥ (t)) Be the wheelchair
robot’s acceleration at any given point in time. As a result, we now have a system of ODEs:
x(1)=p(1),y (1) = o)
assuming the initial conditions att = t; > 0 asxo : =x(to),Yo : =¥(to)). Suppressing t, we letx := (x,y) € R? and letxo : = x(tp) : = (xo,
Yo) € R2. If the instantaneous velocity (p, ®) has a state feedback rule in the form by equation (9)

p(1) = —puf (x(1)),
w(1) == —pg(x(1)), 9

for some scalars, y, ¢ > 0 and some functions f(x(t)) and g(x(t)) to be adequately constructed later, and if we define G(x):=(-f(x),-g(x))
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R2, then the wheelchair robot is represented by for some scalars, y, o > 0 and some functions G(x) := (—uf(x), —pg(x)) € R? to be
created by equation (10)

x=G(x),x(f)) =X (10)

The equation denotes the point of equilibrium for the wheelchair robot x, = (x,,y.) € R?.

ROS serves as the backbone of the experimental setup, facilitating seamless communication between various components. It
operates as a meta-operating system, comprising nodes, master nodes, and other components crucial for robot control.

In the context of the proposed algorithm, ROS becomes the orchestrator of the entire system. Most programming for robot
movements in the specified environment is executed using Python and C++ within the ROS framework. The choice of ROS was
supported by its compatibility with Ubuntu 12.04 and integration with the Microsoft Kinect camera, essential for perceiving the robot’s
path.

Nodes, fundamental processes in ROS, play a pivotal role in controlling the robot’s wheels and collecting data from laser scanners
and Kinect cameras. These nodes are responsible for acquiring images, performing localization, and executing path planning. The
master node, roscore, functions akin to a DNS-like server, centralizing information and managing ROS nodes’ data. The controller node
stores critical information related to ROS nodes. ROS concepts such as topics and services, which are fundamental for communication
between nodes. Topics facilitate information exchange, while services involve queries and responses between nodes, forming the basis
of collaborative operations within system. A detailed depiction of the navigation system, as shown in Fig. 10, would further enhance
clarity. This illustration should elucidate the interplay between high-level and low-level layers, elucidating how the robot executes
tasks based on individual instructions. Moreover, discussing the creation of a 2-D grid map and the efficient computation of paths
within the experimental pathways, as enabled by ROS functionalities, will accentuate the algorithm’s prowess.By integrating these
ROS-centric details, the manuscript will provide a more transparent and coherent narrative, ensuring that readers grasp the intricate
relationship between the proposed algorithm and the ROS framework. This clarity is essential for a thorough comprehension of the
experimental methodology and the algorithm’s functionality.

3.2.3. Turtlebot creation

Before closing the lid of the TurtleBot laptop, please enter the following commands place the laptop/netbook on top of the Tur-
tleBot and connect it with the USB cable. At Kobuki, you need to turn on your mobile base by pressing the power button, which looks
like a switch on the left side of the device. As soon as the user switches it on, the LEDs flash eagerly.

Simultaneous Localization and Mapping (SLAM) is a core concept in robotics, addressing the dual challenge of locating a robot
within an unknown environment while concurrently constructing a map of that environment. In autonomous navigation systems,
SLAM plays a critical role in enabling robots to navigate and make informed decisions based on their surroundings. Techniques such as
probabilistic approaches, graph optimization, and Bayesian filtering are commonly employed. Probabilistic frameworks, such as
Extended Kalman Filters (EKF) or Particle Filters, enable the incorporation of uncertainty into the estimation process, enhancing the
robustness of SLAM.

3.2.3.1. Graph-based SLAM. Graph-based SLAM is a prevalent optimization technique where the environment is represented as a
graph, and nodes correspond to robot poses and landmarks. Edges in the graph capture the constraints between poses and observations.
Through optimization algorithms like the Gauss-Newton method or Levenberg-Marquardt, the graph is refined to minimize errors and
improve the accuracy of the map and robot localization.

3.2.3.2. Loop closure and global consistency. One crucial aspect of SLAM optimization is handling loop closures—instances where the
robot revisits a previously traversed area. Managing loop closures ensures global consistency in the map. Techniques such as loop
closure detection, place recognition, and loop closure corrections contribute to a more accurate and coherent representation of the
environment.

3.2.3.3. Challenges and considerations. SLAM optimization is not without challenges. Computational complexity, real-time constraints,
and the need for efficient data association are critical considerations. Balancing accuracy with computational efficiency is a continual
challenge in SLAM research.

Incorporating this comprehensive section on SLAM optimization will provide readers with the necessary background to compre-
hend the algorithm’s utilization of SLAM in autonomous navigation. This addition ensures that the manuscript is not only algorithm-
centric but also educative, catering to a broader audience interested in the underlying principles of robotic navigation.

The novelty of SLAM optimization in comparison to state-of-the-art methods is crucial for emphasizing the contributions and
advancements made in the proposed algorithm. Below is a detailed description focusing on the unique aspects and innovations that set
SLAM optimization in this algorithm apart from existing methodologies:

3.2.3.4. Novelty of SLAM optimization in autonomous navigation. Integration of Intelligent Navigation System: The proposed SLAM
optimization introduces a novel approach by seamlessly integrating an intelligent navigation system that relies solely on individual
instructions. While traditional SLAM methods primarily focus on mapping and localization, this algorithm elevates the scope by
incorporating real-time decision-making based on dynamic user input. This integration of an intelligent navigation system not only
enhances the autonomy of the robot but also allows for adaptability to user preferences and on-the-fly adjustments to the navigation
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path.

Dynamic Path Perception using Rotating Kinect Sensor: A distinctive feature of the SLAM optimization is its utilization of a rotating
Kinect sensor for dynamic path perception. Unlike conventional SLAM methods that may rely on static sensors, the rotating Kinect
enables the algorithm to perceive the environment from various angles. This dynamic perception contributes to a more comprehensive
and accurate mapping of the surroundings, particularly in scenarios with complex geometries or changing landscapes. The experi-
mentation with various angles demonstrates the effectiveness of this approach, showcasing a novel dimension in SLAM optimization.

Efficient SLAM Problem Decomposition and Kalman Filter Implementation: The algorithm introduces an efficient decomposition of
the SLAM problem into manageable components, coupled with the implementation of the Kalman filter on the experimental path. This
strategic problem breakdown addresses localization and mapping challenges individually, allowing for a targeted and optimized
solution. The Kalman filter, a widely used tool in control and estimation, is applied with a nuanced focus on considering both the
system’s knowledge and the measurement tool. This distinctive approach enhances the accuracy of the SLAM system state estimation,
presenting a noteworthy advancement in the optimization of simultaneous localization and mapping.

Performance Evaluation on U-Shaped Experimental Pathway: The algorithm’s performance evaluation on a U-shaped experimental
pathway provides a practical benchmark for its novelty. The deviations measured at various angles, especially when navigating the
Turtlebot in reverse, offer valuable insights into the algorithm’s robustness and directional adaptability. This empirical validation sets
the algorithm apart from conventional SLAM methods by demonstrating its efficacy in real-world scenarios, particularly in scenarios
where deviations from the expected path may occur.

The proposed SLAM optimization introduces novel elements such as intelligent navigation integration, dynamic path perception,
efficient problem decomposition, and a nuanced Kalman filter implementation. These unique aspects collectively contribute to the
algorithm’s advancement beyond state-of-the-art methods, enhancing the capabilities of autonomous navigation systems in dynamic
and user-influenced environments.

3.2.3.5. Creation modes. There are three different ways of bringing up the turtlebot:

e Minimal: this starts Turtlebot with various varieties via a single master ros environment where all processes can be started or
stopped via ROS launchers. This Mode is used in this paper.

e App Manager: it can do everything that minimal Mode does, but this Mode also allows handling one’s programs as robot apps via
the app manager like app chooser and develop.

e Android Enabled: this Mode starts with private/public masters and permits a remote Android device to control the app manager.

Infrared Sensors/camera

Netbook with Ubuntu 12.04 and ROS

Manual Map ion (SLAM) Out of scope of this

L " | Auomatic dissertation

Camera captured RGB image based on which
turtlebot navigate based on individual’s instruction

Move to a new position based on
individual’s instruction

l

Add new features Check last position’s error with
in map No new one

I

Mark it and calculate its angle using
protector

l Repeat

Calculate same for both right and left
turn’s angles from 15%to 180°

l

Compare forward and reverse navigation

Fig. 14. Kinect camera and odometry flowchart.
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3.2.3.6. Minimal Mode.

e Turtlebot navigates on an individual’s instructions if one chooses the minimal Mode.
o In this Mode, Turtlebot is placed on an experimental pathway; its parameters will be discussed.

e The pathway is in U shape, which consists of 2 semicircular paths/turns, and at the time of navigation of turtlebot (forward di-
rection), it faces two right turns between the starting and ending point of the experimental pathway, which is shown in fig, and
while moving in reverse/backward direction, the turtlebot faces two left turns which are shown in Fig. 14.

e Various tests are conducted on the experimental pathways while navigating the turtlebot on the individual’s instructions. During
the test, one must remember the parameters: starting point, I, turn, II, turn, and ending point.

e The protector is used as a measuring device to evaluate different angles at various turns.

e Comparisons of various angles and their deviations between forward navigation and reverse navigation of turtlebot like 150,300,
450,600,750,900,1050,1200, 1350,1500,1650,1800 were discussed later.

o During the conduction of tests in minimal Mode, the position estimation of the turtlebot is done by odometry technique. Position
estimation allows determining the location of the turtlebot at any time using infrared sensors.

e Odometry techniques are widely used, and it is the least expensive in various cases; optical encoders are used to measure the
rotation of the robot’s wheel.

The formula for calculating the linear speed of the Turtlebot at the point in the center of its two driving wheels is as by equation
an:

1

Calculating the rotation speed at the center point of the wheelchair, which is located between the two driving wheels, requires
equation (12):

Ocy = (VL + Vi), (12)

1
s
where A represents the length of the shaft that connects the two driving wheels, Vi and Vi stand for the left and right velocities of the
driving wheels, and s represents the distance between the two driving wheels. To figure out the kinematic model of the chair equation
(13) is used:

X cosy —siny O Vew
y|=|siny cosy 0 0 |, (13)
W 0 0 1] [ @ew

With x and y denote the speed of the wheelchair across the coordinates (x,y), and i Where represents the angular velocity of the

Fig. 15. An experimental path to turtlebot on it.
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displacement.
A presentation of the dynamic modeling of the wheelchair is given by equation (14)-

FL+Fr —meg sin@ = meQeyy,
ls j’S .
aFL - EFR = chch> a4
Aew = Vcwa

Where 6 represents the angle of the wheelchair’s heel rest concerning the level of the ground and F;, and F stand for the left and right
forces exerted by the driving wheels, respectively.

Here in Turtlebot, one uses a protector for measuring various angles in single or more tests, and for optical estimation Kalman filter
is applicable.

These Fig. 15 and Fig. 16 were initially taken from the robotics research laboratory, giving a detailed view of the experimental path,
including the starting point, ending point, first turn, and second turn.

The core focus of this study is the experimental validation of a responsive robotic system, leveraging the sophisticated capabilities
of the Turtlebot within the Robot Operating System (ROS) framework. The experimental design centers on precise navigation along a
predefined trajectory in response to user instructions. The ROS ecosystem, characterized by its distributed architecture, is instrumental
in orchestrating the myriad functionalities of the Turtlebot. The ROS nodes, predominantly scripted in Python and C++, serve as
discrete processes, handling tasks such as wheel control, data acquisition from laser scanners and Kinect cameras, and intricate
processes like localization and path planning.

In the proposed methodology, the kinematic model of the Turtlebot plays a pivotal role, enabling a nuanced understanding of its
motion dynamics. Odometry techniques, integrating optical encoders to measure wheel rotations, facilitate real-time position esti-
mation, forming the backbone for navigation experiments. Emphasizing the "Minimal Mode’ for Turtlebot navigation, the robot is
strategically placed on a U-shaped experimental pathway. The trajectory includes pivotal turns, which become the focal points for
comprehensive angle measurements using a specialized device known as a protector.

The study integrates advanced optical estimation techniques through the application of the Kalman filter. This sophisticated filter
predicts the Turtlebot’s motion based on hand location data obtained through repeated detection, contributing to enhanced accuracy
in estimation. The experimental setup is augmented by dynamic modeling, where intricate equations governing forces, moments, and
angles provide a holistic perspective on the robotic system’s behavior.

An integral aspect of the methodology is the meticulous analysis of deviations in navigation performance between forward and
reverse movements. This analysis is conducted at various angles ranging from 150 to 1800°, shedding light on the system’s respon-
siveness to user instructions. The amalgamation of these technical elements positions the study at the forefront of robotic research,
promising not only precise navigation but also insights into the nuanced interplay of sensors, algorithms, and actuators within the
autonomous Turtlebot system.

4. Results and analysis

Twenty tests were run on the same path, which then compared the individual runs with the main experimental runs and an
experienced turtlebot operator using the various inbuilt control systems. The tests were performed in a U-shaped pathway in the
laboratory, and this pathway has two right turns containing difficult situations in daily life typical of modern office buildings and
narrow doorways. In all tests, measures of performance were collected in the form of a dataset that is to be used as the basis of
comparison: several sets, deviation at the starting point (mm), angles on the turn I (radian), angles on turn II (radian), deviation at the
ending point (mm). Table 1 represents the experimental results of the diversion of turtlebot from the starting and ending point when it

Fig. 16. Path with turns I and II.
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Table 1
Diversion of turtlebot at the starting and ending points.

No of sets Diversion of turtlebot concerning origin (starting point) Diversion of turtlbot concerning origin (ending point)
1 0 0
2 5 3
3 10 0
4 10 0
5 3 2
6 0 3
7 12 9
8 8 8
9 0 7
10 5 11
11 10 6
12 3 2
13 2 12
14 0 6
15 0 5
16 1 1
17 6 4
18 3 3
19 9 1
20 1 4

starts from the origin, and the graphical representation of the results is shown in Fig. 16.
Parameters used.

e Now one has to move the turtlebot on a particular path, which is 3 m long and 32 cm wide. It is chosen because it has two turns that
are called semicircular paths.

e An infrared projector and camera for the Kinect were separated by about 7.5 cm, while a color camera was around 2 cm distant.

e When one places it on the experimental Route, the distance between the follower and the turtlebot is around 1.5 feet. The infrared
pair can create a grid of distance measurements.

o The projector was used to measure angles.

Table 1 shows the detour taken by the turtlebot at the outset, with the distance traveled from that point to the beginning of the
curve (i.e., turn I) estimated. Then the distance traveled from the end of the curve (turn II) to the end of the U-shaped experimental
pathway estimated once more.

One can observe that the deviation is not very significant at the beginning and finishing points by looking at Figs. 17 and 18. This is
because the experimental Route is linear, which can be mathematically shown by taking the complete set and computing the standard
deviation, which comes out to around 5.326 mm. In addition, one can see this by looking at Figs. 17 and 18. However, this is not when
the turtlebot makes a right turn at Turn I and Turn II; thus, one may estimate various reflexive angles when it rotates; hence; the table
contains data obtained via experimentation.

Table 2: depicts the detailed representation of the experimental work that one takes during the navigation (right turn) of turtlebot,
which is based on the individual’s instructions. The angles were measured using a protector as one of the measuring devices used in this
paper.

Here, from the above, Fig. 19 and Fig. 20 analyses of our turtle bot were done, and one can say that there is an increment and
decrement of diversion after angle 900 during the right turn.

Table 3 depicts the detailed representation of the experimental work that one takes during the navigation (left turn) of Turtlebot,
which is based on the individual’s instructions. The angles were measured using a protector as one of the measuring devices used in this

/ Diversion of turtlebot (starting point) 1 \

——2
——3
——4
——5
——6
——7
——38
——9
——10
——11
——12

o R

Fig. 17. Turtlebot diversion at the starting point.
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N /

Fig. 18. Turtlebot diversion at the ending point.

Table 2
Turtlebot’s right Turn I and Turn II angles.
No of sets 150 300 450 600 750 900 1050 1200 1350 1500 1650 1800
1 5 15 30 42 47 49 45 41 31 15 6 0
2 8 16 30 43 49 51 49 42 30 15 8 0
3 6 15 32 42 56 56 58 43 32 16 5 1
4 7 18 31 45 60 62 62 44 31 18 7 0
5 5 16 35 44 61 63 63 45 36 17 6 2
6 9 17 34 44 62 64 64 43 34 16 9 0
7 6 15 31 45 56 57 58 45 35 15 6 3
8 7 19 33 47 57 59 59 47 33 17 7 4
9 6 16 35 46 64 66 66 50 35 19 5 0
10 7 18 37 49 58 60 59 49 37 18 5 5
11 8 19 39 52 62 62 60 46 39 16 8 0
12 9 20 37 51 60 60 58 48 38 20 9 4
13 6 16 39 52 67 69 65 52 39 18 8 3
14 10 16 40 49 63 64 61 49 40 16 10 2
15 5 17 38 52 68 68 66 52 37 17 9 4
16 8 19 35 50 70 72 67 50 35 19 8 1
17 15 34 51 68 70 64 51 34 18 6 2
18 10 16 38 48 68 69 63 48 38 16 5 0
19 18 31 50 70 71 68 50 31 15 9 0
20 10 20 32 46 71 71 65 47 32 20 10 1

o —e—0
degree

pe
" — adh
/4—0’\‘/\/‘\{/\/ —a—15
4 degree
.’/ 30
W degree
45

degree

=60

degree
—o—75

N‘YW"\N degree

90

NW degree

Fig. 19. Turtlebot reflexive angle right Turn I.

paper.

Hence, from the above, Figs. 21 and 22 analyses of turtlebot were done, and one can say that there is an increment and decrement of
diversion after angle 900 if turtlebot turns left. The comparison of forwarding and reverse navigation of turtlebot at various angles is
shown in Table 4.

Hence, it is proved mathematically that the diversions or standard deviation increase to 900 in the right turn of turtlebot and
decrease after that.

The proposed algorithm for autonomous navigation of the Turtlebot stands as a noteworthy contribution to the field of robot
control, particularly in enhancing the precision and adaptability of robotic systems. To establish its significance and validate the
author’s claims, a comprehensive comparative analysis with existing robot control algorithms is integral. This multifaceted analysis
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Fig. 20. Turtlebot reflexive angles, right Turn II.

Table 3
Turtlebot’s left Turn I and Turn II angles.
No of sets 150 300 450 600 750 900 1050 1200 1350 1500 1650 1800
1 7 17 32 43 54 58 49 44 31 16 6 0
2 8 17 33 44 56 62 53 43 31 16 8 0
3 6 18 32 43 60 67 58 44 32 15 7 1
4 7 18 35 44 61 67 60 45 33 19 7 0
5 8 17 37 48 60 63 61 46 35 18 6 1
6 9 19 36 45 62 64 62 44 34 17 9 0
7 6 18 35 45 59 59 58 45 36 15 6 3
8 7 17 34 49 58 64 57 49 33 20 8 3
9 5 19 35 53 60 66 59 46 35 17 6 0
10 6 18 37 51 61 65 58 49 37 19 7 5
11 8 20 40 49 60 61 62 52 41 20 8 0
12 9 20 38 48 58 66 64 51 37 21 10 4
13 8 18 39 52 58 69 67 52 39 16 7 3
14 10 18 42 49 61 64 63 51 42 16 10 2
15 9 17 39 52 63 68 68 52 38 17 6 4
16 8 21 35 50 62 70 65 50 37 20 8 2
17 7 20 34 51 64 70 68 51 34 16 1
18 6 19 38 53 60 69 68 50 38 16 10 0
19 9 18 33 52 63 71 66 50 32 19 0
20 10 22 34 49 65 71 65 48 33 20 10 1
/ ——0 \
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Fig. 21. Turtlebot reflexive angle left Turn I.

encompasses a range of aspects, from defining performance metrics to conducting diverse experiments and employing statistical rigor.

Firstly, a meticulous selection of performance metrics is crucial, as they act as the quantifiable benchmarks for evaluating the
proposed algorithm’s efficiency. These metrics could include navigation accuracy, speed, adaptability to dynamic environments, and
resource utilization. The algorithm’s ability to perform well across these parameters serves as a key indicator of its overall efficacy.

The experimental setup plays a pivotal role in substantiating the algorithm’s claims. Rigorous testing in diverse scenarios, including
environments with obstacles, varying light conditions, and complex terrains, provides a holistic evaluation. The response of the
Turtlebot to dynamic scenarios, such as abrupt changes in user instructions or environmental disturbances, should be examined to
gauge the algorithm’s robustness shown in Table 5.

In selecting comparative algorithms, a judicious choice spanning classical control theory, machine learning, and other contem-
porary approaches ensures a comprehensive evaluation. The algorithm should be benchmarked against these counterparts to ascertain
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Fig. 22. Turtlebot reflexive angle left Turn II.

Table 4
Comparison of forwarding and reverse navigation of turtlebot.
Angles 150 300 450 600 750 900 1050 1200 1350 1500 1650 1800
Standard Deviation 1.681 1.657 3.169 3.352 6.567 6.428 5.612 3.269 3.004 1.596 1.67 1.65
Table 5
Comparison between right turn angle (above) and left turn angles (below) in mm.
Angles 150 300 450 600 750 900 1050 1200 1350 1500 1650 1800
Standard Deviation 1.388 1.395 2.70 3.35 2.58 3.74 5.023 3.060 3.101 1.87 1.44 1.59

its relative strengths and weaknesses. Quantitative analysis, using metrics such as path planning efficiency and computational re-
quirements, facilitates an objective and data-driven comparison.

Qualitative aspects, including user-friendliness, real-time adaptability, and ease of implementation, provide additional dimensions
to the comparative analysis. Soliciting feedback from users and expert’s aids in understanding the practical utility and acceptance of
the proposed algorithm in real-world scenarios.

Robustness testing is imperative to evaluate how well the algorithm performs under stress tests and edge cases. Assessing its
behavior in scenarios where sensor data is noisy or incomplete contributes to a comprehensive understanding of its limitations and

capabilities.

Statistical significance adds a layer of validation to the comparative analysis, ensuring that observed differences between the
proposed algorithm and others are not mere chance. Appropriate statistical tests enhance the credibility of the findings.

Finally, visualization through trajectory plots, obstacle avoidance maneuvers, and real-time mapping provides a tangible repre-
sentation of the algorithm’s performance. These visual aids not only aid in conveying the algorithm’s behavior but also enhance the
interpretability of results for a broader audience.

Thorough comparative analysis incorporating these elements will serve to validate the proposed algorithm’s efficacy, substantiate
the author’s claims, and contribute substantively to the advancement of robot control algorithms shown in Table 6.

However, the left turn of Turtlebot increases till 1050 as the readings or data are approximately the same in the cases of 750 and
1050, which is approximately 5%-6% more than that of the right turn.

The proposed algorithm for autonomous navigation in wheelchairs presents distinct advantages compared to other robot control
algorithms. One notable strength lies in its exceptional flexibility and adaptability. Unlike conventional algorithms that may

Table 6

Comparative analysis of Existing and proposed System with different parameters.

Feature and Hardware TurtleBot [23] Roomba [28] ROS Navigation Clearpath Jackal DJI RoboMaster S1 Proposed System

Specifications Stack [29] [30] [31]

Sensors LIDAR, Camera Cliff sensor, LIDAR, Camera LIDAR, Camera, Vision, Ultrasonic, LIDAR, Ultrasonic,

LIDAR, Camera IMU Infrared Infrared

Processing Power Moderate Limited High High High High

Battery Life Moderate Limited N/A Long-lasting Moderate Moderate

Mobility Differential drive Differential drive Differential drive Differential drive Omni wheels Differential drive

Navigation Algorithms SLAM, AMCL, Roomba AMCL, DWA SLAM, AMCL, Visual SLAM, Visual SLAM, AMCL,
Navigation proprietary Planner Navigation Navigation Navigation

Path Planning DWA Planner Proprietary DWA Planner DWA Planner Proprietary DWA Planner

Obstacle Avoidance Yes Yes Yes Yes Yes Yes

Localization Accuracy Moderate Moderate High High High High
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necessitate predefined structures, this algorithm operates effectively based on individual instructions, allowing for seamless navigation
in dynamic and evolving environments. This adaptability is a crucial feature, especially in real-world scenarios where environmental
conditions may change unpredictably.

A significant edge of the proposed algorithm is its integration of Simultaneous Localization and Mapping (SLAM) techniques in real-
time. The algorithm not only builds a 2-D grid map during navigation but also localizes the wheelchair within this map. This
simultaneous mapping and localization enhance spatial awareness, enabling precise and context-aware navigation. This feature dis-
tinguishes the algorithm from others, particularly those that may rely on pre-existing maps or struggle with real-time adjustments.

The algorithm showcases efficiency in computing optimal paths to user-specified destinations within experimental pathways. Its
ability to navigate without the need for predefined structures sets it apart, offering adaptability as individuals deviate from marked
paths. This characteristic is crucial for scenarios where users may require non-linear or personalized routes. The proposed algorithm’s
advantages lie in its adaptability, real-time SLAM integration, and efficiency in computing optimal paths. These features position the
algorithm as a promising solution for autonomous navigation in wheelchairs, demonstrating a notable advancement in the field of
robot control algorithms.

5. Conclusions

In this paper, we have outlines an autonomous navigation system designed for a wheelchair, driven by individual instructions, and
experimentally validated on a U-shaped pathway. Throughout the experimentation, the system demonstrated key capabilities such as
the creation of a 2-D grid map using simultaneous localization and mapping (SLAM) techniques in real-time. This map-building
process, integrated with SLAM, ensures that the wheelchair can navigate the U-shaped path autonomously while adapting to
changes in the environment.

A significant aspect of the system is its capacity to compute efficient paths to user-specified destinations within the experimental
pathways. Notably, it operates without the need for predefined structures, allowing for adaptability as individuals deviate from
marked paths.

To address the SLAM problem, the study breaks it down into components and implements the Kalman filter on the experimental
path. The Kalman filter, a mathematical process, optimally estimates the system’s state by considering information from within the
system and the measuring instrument. Specifically, it focuses on challenges related to localization and mapping, leveraging data from
actuators, vehicle position, robot movement sensors, and sensor readings representing the world state.

The utilization of various standard and modern open-source software packages in the development of the Turtlebot, the experi-
mental device in this study, holds promise for future wheelchair navigation research. The platform not only serves as a tool for
experimentation but also lays the groundwork for Dynamic Control’s prospective endeavors in wheelchair navigation.

In light of the experimental findings, it is observed that when the Turtlebot navigates in the reverse direction, there is a 5%-6%
increase in diversion compared to forward navigation. This observation offers valuable insights for refining the navigation algorithm,
shedding light on potential areas for improvement. In conclusion, while the manuscript lacks clarity in certain aspects, the presented
autonomous navigation system, with its adaptable and SLAM-enabled features, represents a noteworthy contribution to the field,
paving the way for advancements in intelligent wheelchair navigation. As limitation of this work is The proposed algorithm’s reliance
on sensor accuracy poses a limitation, as inaccuracies or environmental factors may affect performance. Additionally, the algorithm’s
adaptability makes it sensitive to rapid environmental changes, potentially impacting its effectiveness in dynamic scenarios. These
considerations highlight areas for refinement to enhance the algorithm’s robustness.
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