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Abstract—The development of an autonomously driven
wheelchair aims to enhance the mobility and independence of
individuals with physical disabilities. This research focuses on
creating a wheelchair capable of navigating to a predetermined
home location using GPS technology and magnetometers for
directional guidance. The system can set and follow multiple
waypoints, integrating data from three GPS satellites and a
magnetometer. Additionally, a 360-degree camera setup
enables path identification and real-time obstacle detection,
utilizing Google Maps API for accurate positioning and route
guidance. An ultrasonic sensor is employed for obstacle
avoidance, ensuring a safe and efficient travel experience. The
implementation and testing of this system demonstrate
significant advancements in autonomous navigation for
assistive devices.

I. INTRODUCTION

Autonomous mobility solutions have gained significant
attention in recent years, particularly in the context of assistive
devices for individuals with disabilities. This paper presents
the design and implementation of an autonomously driven
wheelchair equipped with advanced navigation and obstacle
avoidance systems. The primary objective is to develop a
wheelchair that can autonomously return to a home location,
navigate through multiple waypoints, and safely avoid
obstacles. The integration of GPS technology, magnetometers,
360-degree cameras, and ultrasonic sensors forms the core of
this innovative system, providing a comprehensive solution
for enhanced user independence. By leveraging state-of-the-
art technologies, this research aims to address the critical need
for reliable and autonomous assistive mobility, thereby
improving the quality of life for
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users with limited physical capabilities. Furthermore, the
system's ability to integrate with existing navigation tools like
Google Maps underscores its practical applicability and
potential for widespread adoption in various settings.

II. LITERATURE REVIEW

Autonomous wheelchairs have been a significant focus in the
realm of assistive technology, with numerous studies
exploring various methods and technologies to enhance their
functionality, reliability, and safety.

Early Developments: Initial research into autonomous
wheelchairs primarily focused on basic navigation systems
using ultrasonic sensors for obstacle avoidance. For instance,
Levine et al. developed the NavChair, which used a sonar-
based system for basic navigation and collision avoidance.
This early work laid the groundwork for integrating more
advanced technologies [1].

GPS and IMU Integration: Recent advancements have seen
the integration of GPS and IMU systems for precise
navigation. Reina et al. demonstrated the use of LIDAR and
GPS fusion to enhance localization accuracy in urban
environments [2]. Similarly, Tsai et al. implemented a GPS-
based navigation system that provided real-time location
tracking and directional guidance, which is crucial for
autonomous operation [3].

Visual Processing and Machine Learning: The integration
of visual processing technologies has significantly improved
autonomous navigation. Chen et al. highlighted the use of 3D
LiDAR point clouds for real-time obstacle detection and path
planning, which provided a robust method for navigating
complex environments [4]. Machine learning algorithms have
also been employed to enhance the reliability of these systems.
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Hossain et al. used machine learning techniques for real-time
obstacle detection and path planning, demonstrating improved
navigation accuracy and safety [5].

API Integration and Real-Time Data: The use of APIs such
as Google Maps has facilitated real-time route planning and
navigation. Zhu et al. showcased an intelligent path planning
algorithm using Google Maps, which allowed autonomous
vehicles to adjust their routes based on real-time traffic data
and other environmental factors [6]. This integration has
proven beneficial in ensuring the wheelchair follows accurate
and efficient routes.

Multimodal Sensor Systems: The combination of multiple
sensors has been a key advancement in enhancing the
capabilities of autonomous wheelchairs. Fernandez et al.
integrated 3D vision and ultrasonic sensors to improve
obstacle detection and avoidance, while Xu et al. utilized a
robust multi-sensor fusion approach to enhance navigation
accuracy [7][8].

User-Centric Innovations: Recent research has also focused
on user-centric features, such as adaptive path planning and
user interface improvements. Johnson and Saffari developed
an adaptive path planning system using machine learning,
which personalized navigation based on user preferences and
environmental conditions [9].

Augmented Reality and loT: Emerging technologies like
augmented reality (AR) and the Internet of Things (10T) have
also been incorporated into autonomous wheelchair systems.
Bousquet and Belhaj introduced an AR-based navigation
system that provided users with an interactive and intuitive
interface for setting destinations and waypoints [10]. Patel and
Bhargava explored the integration of 10T and cloud computing
to enhance the wheelchair's connectivity and data processing

capabilities [11]. oo @ o @ o @ i
Fig 1: Source of paralysis
III. METHODOLOGY

The design and development of an autonomously driven
wheelchair involved a systematic, multi-phase approach to
integrate advanced technologies for reliable and efficient

autonomous navigation. The initial phase focused on
integrating GPS and magnetometer systems, which are
fundamental to positioning and directional accuracy. For
location triangulation, a minimum of three GPS satellites were
utilized to determine the wheelchair's precise location,
enabling real-time updates essential for route mapping and for
ensuring accurate movement between designated locations.
Additionally, a magnetometer was incorporated to provide
directional guidance, stabilizing the wheelchair's course and
allowing adjustments to orientation as required.

The system also computes distances between points for
navigation, using the Haversine formula to calculate the
shortest path between the wheelchair's current location and its
target waypoint. The distance calculation process begins by
converting latitude and longitude from degrees to radians:

latl=lat] xn/180, lonl=lonlxw/180
lat2=lat2x7/180, lon2=lon2xw/180
Next, the differences in latitude and longitude are calculated:
Alat=lat2—latl
Alon=lon2—lonl
These values are applied in the Haversine formula:
a=sin?(Alat/2)+cos(lat1)-cos(lat2)-sin?(Alon/2)
c=2-atan2(va,v1 — a)
d=r-c

where r represents the Earth's radius, approximately 6,371,000
meters. The TinyGPS++ library implements these
trigonometric calculations, ensuring accurate real-time
distance measurement for navigational purposes.

To further enhance navigational precision, a waypoint
navigation system was implemented, allowing the definition
of a home location alongside multiple intermediate waypoints.
This functionality supports users navigating complex
environments with multiple stops by programming the
wheelchair to follow a predefined route, visiting specific
points of interest before returning to the home location. A 360-
degree camera system was added to provide comprehensive
environmental awareness; the camera captures panoramic
views of the surroundings, which are processed in real-time to
detect paths, obstacles, and other relevant features. This real-
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time visual input is crucial for dynamic path planning and
obstacle avoidance.

The integration of Google Maps API added another layer of
navigational accuracy by synchronizing the wheelchair's
location and route with existing digital maps, facilitating
precise direction-following and adaptation to environmental
changes. To ensure user safety, an ultrasonic sensor was
incorporated for obstacle avoidance, scanning continuously
for nearby objects and providing input to the control system to
adjust the wheelchair’s path as necessary. This real-time
feedback mechanism is integral for preventing collisions and
for safe navigation in dynamic, crowded environments.

All components were integrated within a cohesive control
system that coordinates the wheelchair’s movements based on
data from the various sensors and navigation aids. The control
system prioritizes both safety and accuracy, using data from
the GPS, magnetometer, camera, and ultrasonic sensor to
make real-time adjustments.

POWER
HKC58831 293D NEO BM
MAGNETO GPS
METER MOTOR DRIVER

J)
ARDUINO
— Meea  K—

- BLUETOOTH ULTRASONIC
SERVO HC-06 SENSOR
APP

Fig 2: Block diagram of system

IV. ALGORITHM

1. Initialization:
1.1. Initialize the GPS module and establish a
connection to receive satellite data.
1.2. Initialize the magnetometer for direction detection.
1.3. Initialize the 360° camera for path and obstacle
detection.

1.4. Establish a connection to Google Maps API for
real-time location and route planning.

1.5. Calibrate the ultrasonic sensors for object detection.
Set Home Location:

2.1. Capture Home Location Coordinates: Use the GPS
module to capture the initial latitude (lat1) and longitude
(lonl) as the home coordinates.

Waypoint Configuration:
3.1. Input Waypoints: If multiple waypoints are needed,
input and store the coordinates (latitude and longitude) for
each waypoint.
3.2. Store the waypoint coordinates for future
navigation.
Navigation Loop:
4.1. Monitor GPS Coordinates Continuously: Obtain
the wheelchair's current position coordinates (lat2, lon2)
from the GPS module in real-time.
4.2. Calculate the bearing and distance to the next
waypoint or the home location using the GPS data.
4.3. Adjust the wheelchair's direction using the
magnetometer to align with the bearing.
Obstacle Detection and Avoidance:
5.1. Use the 360° camera to identify obstacles and detect
the path ahead.
5.2. Use the ultrasonic sensors to detect nearby
obstacles.
5.3. If an obstacle is detected (Procedure):
5.3.1. Stop the wheelchair.
5.3.2. Calculate an alternate path around the obstacle
using the camera and ultrasonic sensor data.
5.3.3. Resume navigation on the new path.

Route Adjustment with Google Maps API:
6.1. Continuously update the wheelchair's position on the
Google Maps API.
6.2. Adjust the route in real-time based on the map data,
considering any changes in the environment.
Waypoint Navigation:
7.1. Upon reaching a waypoint, verify the coordinates.
7.2. Announce arrival at the waypoint.
7.3. Proceed to the next waypoint or the final destination.
Return to Home Location:
8.1. When the return command is received or the final
destination is reached:
8.1.1. Calculate the bearing and distance to the home
location.
8.1.2. Navigate back to the home location using the
GPS and magnetometer data.
End Navigation:
9.1. Upon arrival at the home location, stop the
wheelchair.
9.2. Announce the completion of the journey.
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V. RESULT AND DISCUSSION

The autonomously driven wheelchair was subjected to
extensive testing in various environments, including indoor
settings with narrow corridors and outdoor terrains with
uneven surfaces. The results demonstrated the system's
reliability and accuracy in navigation and obstacle avoidance.
The integration of GPS and magnetometer systems enabled
precise location tracking and directional guidance. The
wheelchair consistently returned to its home location with an
accuracy of within 1-2 meters. The waypoint navigation
feature allowed for smooth transitions between multiple
points, effectively following pre-set routes. The 360-degree
camera setup, combined with real-time visual data processing,
proved effective in identifying paths and obstacles. This setup
allowed the wheelchair to dynamically plan its path and
navigate through complex environments. The use of Google
Maps API further enhanced navigational accuracy,
synchronizing the wheelchair’s movements with real-time
map data.The ultrasonic sensor played a crucial role in
obstacle avoidance, detecting objects up to 2 meters away and
allowing the wheelchair to adjust its path to prevent collisions.
This ensured safe navigation in both indoor and outdoor
environments. Overall, the system demonstrated high
reliability and safety. However, it faced limitations in
environments with poor GPS signal coverage, such as dense
urban areas or indoors. Future improvements could include
additional sensors and machine learning algorithms to enhance
performance in such conditions. This autonomously driven
wheelchair represents a significant advancement in assistive
mobility, offering increased independence and improved
quality of life for users.
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