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Abstract—Visual impairment continues to be one of the
most significant barriers to independent mobility and
safety. Traditional white canes offer basic ground-level
obstacle detection but fail to identify complex hazards
such as overhead obstacles, stairs, or potholes. This
paper presents Vistick, an Al-powered smart vision stick
designed using Internet of Things (IoT) and computer
vision technologies to assist visually impaired individuals
in navigating safely and confidently. The system
integrates ultrasonic sensors for real-time obstacle
detection, a camera module paired with the YOLOvS
deep learning model for object recognition, and a
Raspberry Pi microprocessor for data processing. The
device provides both haptic feedback and voice alerts to
the user while a companion Guardian App allows
caretakers to monitor location, battery status, and
emergency alerts. Experimental results demonstrate that
Vistick effectively enhances situational awareness,
minimizes collision risk, and promotes independent
mobility. The proposed system offers a cost-effective,
scalable, and socially impactful solution to empower
visually impaired individuals through technology-driven
inclusion

Index Terms—Assistive Technology, Smart Stick,
Internet of Things (IoT), Object Detection, Raspberry Pi,
YOLOVvVS8, Computer Vision, Visual Impairment.

[. INTRODUCTION

Visual impairment represents a critical global
challenge that affects millions of individuals, limiting
their independence, safety, and access to opportunities.
According to the World Health Organization (WHO,
2021), more than 2.2 billion people worldwide
experience some form of visual impairment or
blindness, and at least one billion of these cases could
have been prevented or remain unaddressed due to lack
of accessible solutions. In developing countries, the
majority of visually impaired individuals rely on
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traditional mobility aids such as the white cane — a
simple, affordable, and effective tool for detecting
ground-level obstacles.

However, these conventional aids possess inherent
limitations: they cannot detect overhead obstacles,
moving hazards, or variations in terrain such as stairs
and potholes. As a result, visually impaired individuals
are at constant risk of accidents, injury, and
dependency on others for navigation.

Recent advancements in Artificial Intelligence (AI),
Computer Vision, and the Internet of Things (IoT) have
opened new possibilities for creating intelligent
assistive technologies. Smart mobility aids now have
the potential to provide real-time environmental
perception, dynamic obstacle recognition, and
location-based assistance through voice-guided
navigation. These technologies can greatly enhance
both user safety and confidence, promoting inclusivity
and independent living. Despite the availability of
several research prototypes, many existing smart sticks
remain limited in scope—they often rely solely on
ultrasonic sensors, lack contextual awareness, or
operate without caretaker integration, making them
impractical for daily use.

To address these limitations, this research proposes
Vistick: Advanced Al Vision Stick Using IoT, an
intelligent assistive device that integrates multiple
technologies into a single, compact, and user-friendly
system. The device employs ultrasonic sensors to
detect obstacles within a short range, complemented by
a camera module powered by the YOLOvVS8 deep
learning model for object recognition. The Raspberry
Pi serves as the central processing unit, enabling real-
time data analysis and feedback. Users receive instant
alerts through voice guidance and haptic vibrations,
ensuring awareness of both static and dynamic hazards
in their surroundings.
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The primary goal of the project is to develop an
assistive solution that is affordable, portable, and
scalable without compromising on technological
sophistication. Unlike high-cost navigation systems,
Vistick utilizes open-source Al models and easily
available components such as the Raspberry Pi,
ultrasonic sensors, and USB camera, ensuring low
production costs and accessibility. Furthermore, the
system design is modular, allowing future
enhancements like GPS navigation and multi-language
voice interaction.

II. RELATED WORK

Existing assistive devices for the visually impaired
include traditional white canes and sensor-based smart
sticks. Studies such as Javed et al. (2024) and Solanki
et al. (2023) explored Arduino-based solutions that
detect nearby objects using ultrasonic sensors. While
these devices provide basic feedback through vibration
or sound, they lack real-time vision-based detection
and caretaker integration. Nayak et al. (2024) further
reviewed smart stick technologies but highlighted
issues such as limited object recognition, low
processing capacity, and lack of adaptability to
complex environments.

Most existing systems are restricted by three key

factors:

1. Limited obstacle detection - focusing only on
frontal objects without accounting for overhead or
uneven terrains.

2. Lack of contextual awareness - absence of Al-
based visual processing that differentiates object
types or movement.

3. No remote monitoring features - caretakers cannot
track the user or provide assistance in emergencies

Vistick bridges these gaps by integrating sensor fusion,
deep learning-based object recognition, and IoT-
enabled caretaker connectivity in a single system. This
multi-functional approach enhances safety,
independence, and reliability for users in diverse
environments.

1. METHODOLOGY

A. System Overview

e The Vistick system consists of four key modules:
Sensing, Processing, User Interaction, and
Guardian App Integration. The sensing module
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uses ultrasonic sensors to detect nearby obstacles
and a Pi camera to capture live visuals. The
Raspberry Pi 4 serves as the central processor,
running the YOLOv8 model to identify stairs,
potholes, and moving objects in real time.

o At the core of the system is the Raspberry Pi 4,
functioning as the central processing unit. It
coordinates the interaction between ultrasonic
sensors, a Pi camera, and output modules such as
buzzers and voice feedback components. The
ultrasonic sensors continuously measure distances
to nearby objects using high-frequency sound
waves. When obstacles are detected within a
predefined threshold distance, the Raspberry Pi
triggers immediate feedback through vibration
motors or audio alerts, allowing the user to respond
proactively. Simultaneously, the Pi camera
captures real-time video input, which is processed
using the YOLOVS (You Only Look Once, version
8) model for object detection and classification.
This Al model enables Vistick to recognize various
objects—including stairs, potholes, and elevated
obstructions—and distinguish between static and
moving hazards, thus offering contextual
awareness far beyond traditional mobility aids.

e In parallel with object recognition and obstacle
detection, the system integrates with a dedicated
Guardian App via [oT connectivity. The Raspberry
Pi transmits data such as location coordinates,
battery status, and emergency notifications through
an MQTT or Firebase-based cloud interface. The
Guardian App, accessible on Android or iOS
devices, allows caretakers to track the user’s
movements, provide navigation assistance, and
respond swiftly during emergencies.

e This dual-system design—combining on-device
intelligence and remote monitoring—ensures both
user autonomy and guardian reassurance,
establishing a holistic support ecosystem.

By combining Al-driven perception, sensor-based

precision, and IoT-enabled safety, the Vistick system

offers a comprehensive mobility aid that not only
increases navigational confidence but also enhances
personal security and social inclusion for visually
impaired individuals. Its open-source, modular
framework further ensures that the device can evolve
through community-driven innovation, eventually
supporting features like GPS navigation, voice-
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controlled interfaces, and cloud-based analytics for
adaptive learning and performance improvement.

Vistick Navigation System Workflow
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B. Data Flow and Processing

The data flow and processing pipeline of the Vistick
system is designed to ensure real-time perception,
intelligent decision-making, and timely user feedback.
The process begins with continuous data acquisition
from multiple sensors and the onboard camera. The
ultrasonic sensors, positioned strategically along the
stick, emit high-frequency sound waves and measure
the time taken for the reflected signal to return. This
enables accurate computation of obstacle distance and
position relative to the user. The obtained distance data
is then relayed to the Raspberry Pi, which serves as the
system’s central controller. The Raspberry Pi filters
this raw sensor input, eliminating noise and false
readings caused by irregular surfaces or sudden
environmental changes. This ensures that only reliable
proximity information is passed on to the processing
layer.

Simultaneously, the Pi camera captures a continuous
stream of images representing the user’s immediate
surroundings. Each frame is processed through the
YOLOV8 (You Only Look Once) object detection
model, implemented using the PyTorch framework.
YOLOVS8 divides each image into grids and predicts
bounding boxes with associated confidence levels for
every detected object. This allows the system to
identify and classify environmental elements such as
stairs, potholes, walls, pedestrians, or vehicles. The
model’s high inference speed enables near real-time
processing, providing the Raspberry Pi with updated
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scene data multiple times per second. This capability
allows the system to operate effectively even when the
user is in motion, ensuring that potential hazards are
recognized well before the user reaches them.

The Raspberry Pi acts as the central processor,
combining data from the ultrasonic sensors and the
camera through a sensor fusion mechanism to ensure
accurate and timely responses. The ultrasonic sensors
measure obstacle distance, while the YOLOv8 model
identifies and classifies objects in real time. Based on
the proximity and type of detected object, the
Raspberry Pi determines the level of urgency and
triggers appropriate feedback. Users receive vibration
alerts for immediate tactile response and voice
guidance through text-to-speech output for descriptive
navigation. Simultaneously, operational data such as
location, battery status, and emergency alerts are
transmitted via IoT connectivity to the Guardian App,
allowing caretakers to monitor and assist users
remotely. This streamlined data flow ensures real-time
awareness, low-latency feedback, and enhanced safety,
establishing Vistick as a reliable, intelligent mobility
aid for visually impaired individuals.
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C. Technologies Used

The Vistick system is developed using an integrated set
of hardware and software technologies chosen for their
efficiency, affordability, and compatibility with
assistive applications. The primary programming
language used is Python (version 3.8 and above),
owing to its flexibility, extensive libraries, and strong
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community support for Al and IoT development. The
Al framework utilized is YOLOvS8 (You Only Look
Once, version 8), implemented through the PyTorch
library. This model is known for its fast and accurate
object detection capabilities, making it ideal for real-
time recognition of obstacles such as stairs, potholes,
and moving objects. The Raspberry Pi 4 serves as the
central processing unit, coordinating input from
ultrasonic sensors and a USB camera while generating
immediate responses through output components like
buzzers and vibration motors. A portable power bank
supplies consistent energy, ensuring the device remains
lightweight, mobile, and suitable for continuous use.

The hardware configuration consists of ultrasonic
sensors for distance measurement, a Pi or USB camera
for capturing live visuals, and output modules such as
buzzers and vibration motors for user feedback. The
ultrasonic sensors continuously emit sound waves to
detect obstacles at varying distances, while the camera
captures environmental frames for visual processing.
Based on sensor readings and image analysis, the
Raspberry Pi determines whether the detected object
poses a risk and triggers either haptic or voice feedback
accordingly. This real-time response system ensures
that users receive immediate alerts, enhancing their
situational awareness and safety in both indoor and
outdoor environments. Power is supplied through a
rechargeable power bank, ensuring long operational
hours and maintaining portability for daily use.

The software design complements the hardware by
enabling loT-based communication between the smart
stick and the Guardian App. Built using Flutter, the app
is compatible with both Android and iOS devices,
while the backend communication relies on Firebase or
MQTT protocols for efficient and secure data
transmission. Through this app, caretakers can
remotely monitor the user’s location, track the device’s
battery status, and receive emergency alerts in real
time. The seamless interaction between hardware
sensing, Al-driven vision, and cloud-enabled
communication forms the foundation of Vistick’s
intelligent architecture. Together, these technologies
make Vistick a cost-effective, scalable, and reliable
assistive system that empowers visually impaired
individuals to navigate independently while ensuring
caretaker reassurance through continuous connectivity.
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IV.RESULT

The prototype was tested in both indoor and outdoor
environments. Ultrasonic sensors achieved accurate
obstacle detection within a range of 1.5 meters, while
YOLOVS8 successfully identified common hazards like
stairs and potholes with over 92% detection accuracy.
The system provided instantaneous vibration feedback
and voice warnings, reducing collision risks
significantly during mobility tests.

The Guardian App proved effective in transmitting
real-time user location and battery information. During
simulated emergency tests, alerts were received by the
caretaker within two seconds of activation.

Overall, results indicate that Vistick delivers reliable
performance under diverse lighting and environmental
conditions. Its modular design enables scalability, such
as adding GPS navigation and cloud-based analytics in
future iterations.

Enhanced Parking Path Detection with Object-Specific Voice Alerts

one Objects: 1
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V. CONCLUSION

This paper presented Vistick, an advanced Al-driven
vision stick for the visually impaired. By combining
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ultrasonic sensors, YOLOv8-based vision, Raspberry
Pi processing, and IoT-enabled caretaker support, the
system enhances user mobility, safety, and
independence. The prototype validates the feasibility of
developing an affordable, compact, and intelligent
assistive device that bridges the technological gap in
existing mobility aids.

Future enhancements will focus on integrating GPS
navigation, improving energy efficiency, and
expanding multi-language voice support for wider
accessibility. The ongoing development aims to
transform Vistick into a comprehensive assistive
ecosystem that promotes inclusion, safety, and digital
empowerment for the visually impaired community.
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