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Abstract

Visually impaired persons are faced with a challenge in terms of navigation due to a lack of awareness of
their surroundings. In this regard, this project aims to develop a Smart Blind Stick using artificial intelligence
for real-time obstacle detection and object identification with voice guidance. In this project, a camera module
and ultrasonic sensor are employed for real-time obstacle detection and distance calculation. In addition, a
deep learning algorithm based on YOLOVS is implemented for real-time object detection and classification.
Using such a technique, objects such as pedestrians, vehicles, and obstacles can be identified. The identified
objects are processed on a laptop and converted into a voice message using an NLP-based text-to-speech
module. The proposed solution is a portable, cost-effective solution for visually impaired persons to navigate
in both indoor and outdoor environments.
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1. Introduction

Visual impairment greatly impacts an individual’s
ability to safely and independently move around in
daily life, considering that millions of people across
the globe are living with partial or total visual
impairment. Mobility is one of the major challenges
that a visually impaired person faces in their daily
life. [1] The most commonly used assistive device for
obstacle detection by making physical contact with
objects is the conventional white cane. However, this
device offers limited information and cannot detect
the type and distance of objects and their nature,
making it less effective and unsafe for the users. [2]
Electronic travel aids with ultrasonic sensors have
been proposed to detect objects and calculate
distance. They provide information to the user
through vibrations and audio cues. However, these
travel aids are still limited to improving basic
obstacle detection and do not allow for object
recognition and contextual understanding of the
environment.[3] Some assistive technologies have
been enhanced by integrating other sensing
techniques with ultrasonic sensors to increase their
reliability and accuracy. This improves the overall

performance of these assistive technologies and
decreases false alarms.[4] Vision-based assistive
systems, which incorporate camera modules and
image processing techniques, have been proposed for
object detection and recognition in real-time
environments. These systems provide better
environmental awareness compared to sensor-based
assistive systems.[5] Deep learning-based object
detection models have been proposed to improve the
efficiency of vision-based assistive systems. The
proposed models enable the automatic and precise
identification of multiple objects in complex
environments.[6] However, the vision-based
assistive systems proposed in the literature have been
based on cloud computing and high computational
power, which reduces their efficiency and reliability
in real-time environments. The proposed vision-
based assistive systems may not function in offline
environments.[7] In order to address these
limitations, various approaches of multi-sensor
fusion technologies, including ultrasonic sensors as
well as vision-based technologies, have been
proposed to enhance the detection accuracy of the
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systems. These technologies are based on the concept
of using distance measurement as well as vision in
order to better comprehend the environment. [8] In
spite of these advancements, various existing
technologies still face limitations in terms of efficient
real-time deployment of the systems, owing to
hardware limitations. This limits the practicality of
the technologies for real-time deployment. [9]
Embedded artificial intelligence technologies have
enabled the deployment of lightweight deep learning
models, thereby allowing real-time processing
without the need for any external computation or
cloud services. This is a significant advancement in
the field of embedded technologies.[10] Furthermore,
the integration of Internet of Things (IoT)
technologies has also helped to further improve the
functionality of assistive systems through the
connection of sensors, processing units, and output
units, thus enhancing their coordination. [11] Object
detection models such as the YOLO family of
models, including YOLOvVS, have shown impressive
accuracy and real-time detection capabilities for
multiple objects in complex environments, thus
making them suitable for use in assistive systems.
[12] Natural language processing and text-to-speech
technologies have been employed to further enhance
the functionality of assistive systems through the
provision of audio output to visually impaired
individuals.[13] Such voice-assisted systems also
improve user interaction through the provision of
detailed audio feedback instead of simple
notifications, thus improving user accessibility. [14]

Despite the above advances, the existing systems lack
a fully integrated, portable, cost-effective system that
integrates real-time object detection, classification,
and voice feedback into a single embedded system.
This calls for the development of better intelligent
assistive technology. [15]

2. Proposed System

The main aim of the proposed system is to create an
intelligent Smart Blind Stick that assists the visually
impaired in their mobility and safety through the
detection of obstacles and the identification of objects
in their surroundings in real time. The system is
expected to utilize an ultrasonic sensor in measuring
the distances of the obstacles around the visually
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impaired and a camera module equipped with a deep
learning algorithm based on YOLOVS in detecting
objects in the surroundings. The second aim of the
proposed system is to ensure effective interaction
between the user and the system through the
conversion of the extracted data into voice feedback
through the application of Natural Language
Processing and Text-to-Speech techniques. The third
aim is to ensure the development of a portable, cost-
effective, and user-friendly Smart Blind Stick that is
effective in both indoor and outdoor environments,
thus promoting the independence and confidence of
the visually impaired in their movements.

18650 g MT3600 BN Npspsy M
— | |8 : ESP32-CAM
'f Battery o' Qe W Controller O
l I I

. LDR Sensor
Cp (Light Detection)

'

c Dark Condition?

O HC-SR04

Ultrasonic Sensor

Buzzer / Vibration Motor

1» (Obstacle Alert)

Figure 1 Block diagram for AI-Based Smart
Blind Stick for Real-Time Obstacle Detection and
Object Recognition with Voice Assistance

2.1.Proposed Methodology
The methodology presented in the proposed
methodology is the process followed in designing and
implementing the Al-Based Smart Blind Stick for
Real-Time Obstacle Detection and Object
Recognition  with  Voice  Assistance.  The
methodology presented in the proposed methodology
is the process followed in designing and
implementing the Al-Based Smart Blind Stick for
Real-Time Obstacle Detection and Object
Recognition with Voice Assistance.The process
begins with the streaming of live data from the smart

International Research Journal on Advanced Engineering Hub (IRJAEH)

1779


https://irjaeh.com/
https://doi.org/10.47392/IRJAEH.2026.0232

IRJAEH

blind stick’s internal hardware. The ultrasonic
sensors are always on the lookout for how far away
objects are in proximity, and the LDR sensor is
always keeping track of the ambient light levels.
Meanwhile, the ESP32-CAM is always capturing
real-time images of what is in proximity. This is all
being processed by the ESP32 microcontroller, which
acts as the brain and communication center for this

system.
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Figure 2 Flow diagram illustrating the proposed
methodology for AI-Based Smart Blind Stick for
Real-Time Obstacle Detection and Object
Recognition with Voice Assistance

2.2. Tables
Tables are used to present, in a clear and concise
manner, the significant parameters and components
associated with the Al-Based Smart Blind Stick for
Real-Time Object Detection and Recognition using
Voice Assistance. Each table 1is created
independently from the main document and is
designed to fit neatly on a single page In this research,
tables are used to describe the hardware components,
sensor specifications, and parameters associated with
the proposed smart blind stick. Each table contains
well-defined column headings that describe the
purpose and specifications of each and every
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component used in the proposed smart blind stick. To
maintain a clean and professional look, vertical lines
are avoided in the table format. Shows Table 1

System Components and Parameters.

Table 1 System Components and Parameters

Component Function Parameter
Csogtt;?rlls 240 MHz
ESP32 . ergﬁons nd | CPU, Wi-Fi,
P . Bluetooth
communication
Detects
Ultrasonic Sensor obstacles and | Range: 2 cm
measures —400 cm
distance
Captures real- _
Camera Module time images Resolution,
for object Frame Rate
detection
Performs
object Accuracy,
YOLOvV8 Model ! Detection
detection and Speed (FPS)
classification P
Converts text Q\lll(;icte
TTS Module into speech Y
output Response
Time
Provides audio Volume
Speaker/Headphone | feedback to the .
Clarity
user
. Voltage
Supplies
Power Supply power to the (5V/3.3V),
svstem Battery
y Capacity

2.3.System Architecture

The design of the proposed Al-powered smart blind

stick incorporates
devices,

sensing devices,
Al components,

and

processing

user feedback

components. The system architecture of the proposed
smart blind stick is designed to provide real-time
obstacle detection, accurate object identification,
rapid processing, and instant assistance for the
visually impaired. At the sensing layer, a number of
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sensors are embedded in the smart blind stick. There
is an ultrasonic sensor that helps in sensing obstacles
and determine the distance from objects. There is a
light-dependent resistor that monitors light levels in
the environment. In addition, there is an ESP32-CAM
module that captures images of the surroundings, thus
capturing visual data.These sensors are connected to
the ESP32, which acts as the brain and interfaces
them in real time.

Al-Based Smart Blind Stick

Cloud / Al Layer

Gateway Layer

YOLOVE NLP Data
ESP32 M\uu(onuu]er—l / Object Detection  Processing  Analysis
Internet
—> -
| 1

Interface Devices

K @4

/ Spéaker / Earphones
/ Voice Output

User with Smart Blind Stick

In the processing layer, the role of Al and Deep
Learning is utilized, wherein the system makes sense
of the visuals obtained. It utilizes the roll with
YOLOV8, which detects objects such as humans,
cars, obstacles, and other environmental factors.
After the detection of objects, NLP takes the role of
providing the user with clear voice commands. The
feedback and assistance module then takes the role of
providing the user with real-time feedback. In case
there is the presence of obstacles at a critical distance,
the system immediately alerts the user through a
buzzer or a vibration motor. In parallel, the system
also provides the user with voice feedback via a
speaker or earbud, which provides the user with the
description of the objects and the scene.

3. Results And Discussion

3.1. Results

The Smart Blind Stick was subjected to tests in both
indoor and outdoor conditions and was found to
perform well. Our ultrasonic sensor was able to detect
objects at a range of 2 cm to 400 cm, thus providing
accurate distance information with a slight delay. The
ultrasonic sensor was also able to detect nearby
objects, thus preventing collision with them Our
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system, which is equipped with YOLOVS, is also able
to recognize objects in real-time. It is able to
recognize common objects such as humans, vehicles,
and other obstacles with high precision. This
information is provided to the user through our voice
output module. Our voice assistance system makes
use of natural language processing and text-to-speech
technology to provide accurate and timely
information to the user. Our system is also able to
provide information regarding the type and distance
of the obstacle, thus greatly enhancing the user’s
awareness. Our proposed system was found to be
reliable, safe, and efficient in providing assistance to
the visually impaired user.The experiment results
showed accurate detection of obstacles and timely
voice feedback to the user. Our object recognition
part was also found to be efficient in recognizing
common objects in real-time. This proves that our
proposed system is efficient in providing assistance
to visually impaired users by greatly enhancing their
awareness.
3.2. Discussion

The study reveals the effectiveness of the Smart Blind
Stick, as proposed, as it increases the efficiency of the
visually impaired during navigation through the
combination of sensor technology and Al-based
object detection. The combination of the ultrasonic
sensor and the camera module increases the
reliability of the system. The ultrasonic sensor
provides accurate distance measurement, whereas the
camera module detects the type of obstacle present.
The combination of these two methods resolves the
problem of relying on a single approach.The
implementation of the YOLOv8 model provides real-
time object detection with satisfactory speed and
accuracy, making the system more feasible.
However, the system may face difficulties during
adverse conditions, such as dim lighting or partially
covered objects, which may affect the accuracy of the
system. However, the ultrasonic sensor maintains the
awareness of obstacles, thereby providing continuous
support. The voice assistant plays a vital role in the
interaction of the Smart Blind Stick with the user, as
it provides meaningful feedback through the
implementation of Natural Language Processing and
Text-to-Speech, which increases the efficiency of the
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system. In conclusion, the Smart Blind Stick provides
a cost-effective, portable, efficient system, whereas
the future of the system may include increasing the
accuracy of the system, reducing the dependence on
external processors, and including features like GPS.
Conclusion

The proposed Smart Blind Stick, which will be
powered by Al technology, can provide a way to
improve the mobility of visually impaired
individuals. This will be done by utilizing the
ultrasonic sensor and camera module together with
the object detection technology of YOLOVS.
Additionally, the Natural Language Processing and
Text to Speech technology will provide -clear
guidance for the visually impaired. The proposed
Smart Blind Stick can be used efficiently, and its
response time and accuracy are satisfactory for both
indoor and outdoor use. This is due to its portable and
cost-effective nature. Therefore, it can be said that the
proposed Smart Blind Stick can be used for the
independent movement of visually impaired
individuals and can help them avoid accidents.
Future Work

Some possible improvements for the proposed

system in the future could be:

e Including GPS and other navigation features
to provide real-time location and other
necessary information for visually impaired
users.

e Using more powerful and efficient deep
learning techniques to improve object
detection and reduce false positives in
complex and crowded places.

e Using other sensors like infrared and LiDAR
for better detection and handling of different
conditions.

e Using edge Al for better real-time
performance and reducing dependency on
external sources for processing.

e Creating a mobile app for connectivity and
other features for users.

The proposed system has great potential as a smart
healthcare facility, which could be used as a basis for
the development of other Al-based mobility aids for
the visually impaired.
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