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Abstract -- According to the World Health Organization,
an estimated 39 million people worldwide are visually
impaired, underscoring the critical need for innovative
solutions to assist blind individuals in navigating their
environment independently. In response, this study
introduces an intelligent and multipurpose bright blind
stick leveraging Internet of Things (1oT) technology. The
stick integrates components such as Arduino UNO,
ultrasonic sensor, servo motor, Bluetooth module, GPS, and
GSM modules to detect obstacles in real-time and provide
audio feedback alerts to the user. Additionally, the
technology enables remote monitoring by caregivers
through GPS tracking and allows users to send location-
based alert messages in emergencies. Through extensive
research and comparative analysis of existing systems,
including traditional white canes and other electronic aids,
our solution has been designed to overcome common
limitations such as high cost, limited functionality, and lack
of portability. The intelligent multipurpose bright blind
stick offers a cost-effective, portable, and intelligent tool
aimed at significantly enhancing the independence and
safety of blind individuals, fostering inclusivity and
autonomy in their daily lives. This paper will provide
insights into the design, implementation, and user testing of
the solution, highlighting its effectiveness in real-world
scenarios and its potential to make a meaningful impact on
the lives of blind individuals worldwide.

Index Terms - Arduino UNO, Servo Motor , Ultrasonic
Sensor Bluetooth Module, GPS Module, GSM Module,
Multi-functional Blind Stick and Internet of Things.

I. INTRODUCTION

Visual impairment presents a pervasive challenge globally,
significantly impeding mobility and autonomy for millions of
individuals. With the World Health Organization estimating the
global blind population at 39 million, there exists a pressing
need for transformative solutions to alleviate these constraints
and improve quality of life. Conventional aids like white canes
offer limited support, often necessitating additional human
assistance. To address this predicament, our project, dubbed
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"Smart Eye for a Visually Impaired,” introduces an intelligent
device seamlessly integrated into a walking stick, with the
overarching aim of empowering visually impaired individuals to
navigate their surroundings with heightened independence.

Our research endeavors to conceive a versatile device that
amalgamates obstacle detection, guidance, and communication
functionalities to cater to the diverse requirements of visually
impaired individuals. By harnessing advancements in technology,
our device incorporates an array of components, including
ultrasonic sensors, servo motors, Bluetooth modules, GSM
modules, and GPS modules, to furnish real-time assistance and
aid to blind users.

The key contribution of this proposed framework is highlighted
as follows:

1. The main contribution of this study is the creation of a low-cost
gadget that will improve the lives of visually impaired people in
our community. This gadget is designed to be accessible and
affordable, ensuring widespread adoption and accessibility for
those in need.

2. The device boasts advanced obstacle detection capabilities,
offering a comprehensive 180-degree coverage for the user
through the detection module. This functionality enables the
device to detect obstacles in the user's path effectively, enhancing
safety and navigation.

3. Additionally, the device incorporates a Bluetooth module to
provide audio assistance to the user, offering guidance and
directional cues in navigating around obstacles. This feature
enhances the user's confidence and independence in navigating
unfamiliar environments.

Furthermore, friends and family members of blind individuals
may easily track them using our technology, leveraging the GPS
and GSM modules. This capability provides peace of mind to
caregivers and ensures prompt assistance in case of emergencies.

This paper serves as a comprehensive exposition of our project,
elucidating the conceptualization, realization, and assessment of
the "Smart Eye" device. Commencing with an examination of the
challenges encountered by visually impaired individuals in their
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daily lives and the inadequacies of existing assistive
technologies, we subsequently delineate the pivotal features
and functionalities of our device. These encompass obstacle
detection mechanisms, expansive coverage facilitated by servo
motors, auditory guidance provision through Bluetooth
connectivity, alert dissemination via GSM modules, and
precise location tracking via GPS modules.

Il. RELATED RESEARCH

The Third Eye for the visually impaired represents a
groundbreaking device designed to cater specifically to
individuals with visual disabilities, who often rely on external
assistance for mobility. This project is dedicated to the
development of assistive technology aimed at facilitating
seamless movement from one location to another [1]. The core
functionality of the device revolves around obstacle avoidance,
comprising two integral components: obstacle detection and
obstacle warning. Obstacle detection entails the identification
of objects within the environment [2], while obstacle warning
pertains to the method of conveying obstacle-related
information to the user. By enabling users to navigate with the
help of smart stick, which is beneficial to the user [3], this
device addresses a critical need within the visually impaired
community. Historically, visually impaired individuals have
relied on various forms of assistance, including trained pets and
electronic devices. While pets undergo specialized training to
assist the blind, electronic aids such as the white cane have also
been instrumental [4]. However, existing devices have faced
limitations such as delayed alerts and reliance on LEDs, often
resulting in suboptimal user experiences [5]. Moreover, the
affordability and accessibility of assistance options remain
significant concerns, with many individuals unable to afford
trained pets [6]. The smart shoe, though a staple in assistive
tools for the blind, falls short in effectively detecting above the
ground level obstacles [7]. In response to these challenges, the
proposed system adopts a cost-effective approach and
leverages efficient obstacle detection mechanisms to overcome
existing drawbacks [8]. Featuring components such as Arduino
UNO, servo motor, Ultrasonic Sensor, and Bluetooth module,
the Third Eye embodies simplicity and ease of use [9]. Upon
initialization by the blind user, obstacle avoidance functionality
is activated, with object detection triggering alerts through
earphones using Bluetooth module facilitated by Arduino [10].
Central to the project's objectives is the creation of a smart cane
that not only enhances alertness but also remains cost-effective
and user-friendly [11].

I11. PROPOSED SOLUTION

In response to the challenges confronting individuals with
visual impairments, our proposed solution, entitled "Smart Eye
for the Visually Impaired,” aims to introduce an innovative
assistive device tailored to enhance mobility and independence.
Drawing upon established technologies and ongoing research,

our solution comprises several essential components designed to
effectively address the obstacles encountered during navigation.

1. Device Design and Integration:

At the heart of our proposed solution lies the development of a
versatile device seamlessly integrated into a walking stick, known
as the "Smart Eye." This device is meticulously designed to
integrate harmoniously with the user's existing mobility aids,
ensuring a seamless user experience and compatibility with
established practices

2. Obstacle Detection and Warning System:

A cornerstone of the Smart Eye's functionality is its advanced
obstacle detection and warning system. Utilizing cutting-edge
ultrasonic sensors and servo motors, the device offers
comprehensive coverage of the user's surroundings, adeptly
detecting obstacles within a 180-degree range. Upon detection,
the system delivers real-time audio feedback through an
integrated Bluetooth module, promptly alerting the user to
potential hazards and guiding them towards safer pathways.

3. Communication and Alert Mechanisms:

In addition to obstacle detection, the Smart Eye incorporates
robust communication and alert mechanisms to bolster user safety
and facilitate swift assistance in emergency scenarios.
Empowered by a GSM module, users can effortlessly dispatch
alert messages to preconfigured contacts with a simple press of a
button, furnishing critical information regarding their location
and encountered obstacles. Furthermore, the integration of GPS
technology enables precise location tracking, empowering
caregivers and emergency responders to swiftly locate and aid the
user as needed.

4. Cost-Effective and User-Friendly Design:

Recognizing the paramount importance of accessibility and
affordability, our proposed solution places a premium on cost-
effectiveness and user-friendliness. By leveraging readily
available components such as the Arduino UNO, ultrasonic
sensors, Bluetooth modules, GSM modules, and GPS modules,
we ensure that the Smart Eye remains accessible to individuals
across diverse financial backgrounds.

Algorithm :
The algorithm for the "Smart Eye for the Visually Impaired”
device is outlined as follows:

Step 1: Initialize the ultrasonic sensor to detect obstacles in the
environment.

Step 2: Upon detecting an obstacle, calculate the distance
between the device and the obstacle.

Step 3: If the calculated distance is below 30 cm, activate the
servo motor to rotate the ultrasonic sensor module, scanning for
obstacles to the left and right of the user.
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Step 4: After obstacle detection, repeat Step 2 to determine the
distance to the newly detected obstacle. Once again, if the
distance is below 30 cm, provide real-time voice assistance
through the Bluetooth module, guiding the user on the
appropriate direction to move.

Step 5: In the event of an emergency, if the designated button
is triggered, activate the GPS module to track the user's
location. Generate a URL containing the user's location
coordinates and a threat message, and transmit this information
via the GSM module to predefined recipients.

Block Diagram:

-
1

(D) | i

IV. HARDWARE REQUIREMENTS

A. Arduino UNO
The Fig. 1 shown below is the Arduino uno R3 board,
utilizes the ATmega328P CPU and functions as a central
microcontroller board in various loT applications,
interfacing with a range of sensors, switches, and modules.
Given its integral role in this project, the Arduino Uno is
responsible for decision-making regarding the connected
components .In contrast to alternative microcontroller
systems, Arduino boards are notably economical,
rendering them a popular choice due to their affordability.

Figure 1. Arduino UNO R3

B. Ultrasonic Sensor

Fig. 2 illustrates the composition of an ultrasonic sensor, which
consists of three key elements: a transmitter, a receiver, and a
transceiver. The transmitter converts electrical impulses into
sound waves, while the receiver reverses this process by
converting audio signals back into electrical impulses. Acting
as a dual-function unit, the transceiver manages both
transmission and reception tasks. Furthermore, crystal
oscillators are integrated into the sensor's design. A
normalization procedure is implemented to calibrate and
standardize the sensor's performance, ensuring accurate
distance measurements

Figure 2. ultrasonic sensor(HC-SR04)

C. Servo motor

A servo motor is a type of motor that helps control the precise
movement of objects. It consists of a motor, gears, and a
control system. The motor generates the movement, which is
then transmitted through gears to the output shaft. A control
system ensures that the motor moves to the desired position
accurately using feedback from sensors. Servo motors are
commonly used in robots, machines, and toys for their ability
to move precisely and reliably. Adjustments may be needed
to fine-tune their performance for specific tasks.

Figure 3. servo motor

D. Bluetooth module
The HC-05 Bluetooth module is a small electronic device that
enables wireless communication between electronic devices
using Bluetooth technology. It consists of a Bluetooth
transceiver and an onboard microcontroller. With its simple
interface and low power consumption, the HC-05 module is
widely used in many Bluetooth-enabled 10T devices. It can be
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easily configured and controlled using AT commands,
making it suitable for both hobbyist and professional projects
requiring wireless connectivity.

Key

4 //— Ground

Tx (Transmitting)

State

(Bluetooth Module)

Figure 4. Bluetooth module(HC-05).

E. GSM module

The SIM800L GSM module is a compact communication
device designed for facilitating GSM (Global System for
Mobile Communications) connectivity in electronic
devices.The SIM800OL GSM module integrates a GSM
modem, SIM slot, and helical antenna, alongside vital
circuitry for managing calls, text messages, and data
transmission over cellular networks. Widely employed in
tasks like remote  monitoring, tracking, and
communication, it's prized for its versatility. Control is
straightforward using AT commands, facilitating seamless
integration into various projects.

15. Insert Micro SIM in Socket

Figure 5. GSM module(sim800I)

F. GPS module

The NEO-6M GPS module is a compact device
incorporating a GPS receiver and essential circuitry for
accurately determining position and time. It features a
built-in GPS antenna and receiver, enabling it to receive
signals from satellites and calculate precise location
coordinates. The NEO-6M module is valued for its
reliability and simplicity. Control and configuration are
straightforward using serial communication and NMEA
(National Marine Electronics Association) protocol.
This makes it easily adaptable to a wide range of
projects requiring GPS functionality.

Figure 6. GPS module(Neo-6m)

Circuit Diagram:

The circuit diagram for integrating all the components together
is:

- s
Netycerstrx tx gnd

Sim800l|

IV. RESULTS AND DISCUSSION

A. Ultrasonic Sensor with Servo Motor:

The ultrasonic sensor functions as the primary obstacle detection
system. It emits high-frequency ultrasonic waves and measures
the time taken for the waves to bounce back after hitting an
object, determining the distance to the obstacle.

FIGURE OF ULTRASONIC SENSOR MOUNTED ON SERVO MOTOR:

A servo motor is attached to the sensor, allowing it to rotate
horizontally within a specified range. This rotation enables the
sensor to scan the environment in multiple directions for
covering the surroundings of the person, providing
comprehensive coverage for obstacle detection.
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OBSTACLE DETECTION THROUGH ULTRASONIC SENSOR

Object | Distance | Action of Rotation of servo
ultrasonic motor
sensor
Wall |30cm Detected Scan left and right
for clear path and
voice assistance.
Chair |40cm Not Detected |Proceed until obstacle
detected.
person |25cm Detected Scan left and right
for clear path and
voice assistance .

Ultrasonic sensor identifies objects within 30cm, prompting
servo rotation for navigation to detect the clear path and the
servo motor is used to cover the surroundings of the
person(180 degrees) to search for an obstacle at left and right
of the person, if any obstacle is detected ahead of the person ,
then provide the voice assistance to the person by Bluetooth
module.

B. Voice Assistance via Bluetooth Text-to-Speech:

The Arduino UNO microcontroller processes the data
received from the ultrasonic sensor and triggers appropriate
responses based on the detected obstacles. Through Bluetooth
connectivity, the Arduino communicates with a mobile device
running a Text-to-Speech (TTS) application. This app converts
text messages sent by the Arduino into spoken words. Voice
instructions are relayed to the user in real-time, informing them
about the presence and location of obstacles and providing
navigation guidance.

Here we have taken a four scenarios to assist the person,

1)In front of you an obstacle is detected, then search for
obstacles at left and right of the person , there is no obstacle
both sides,

The audio message will be

Arduino Bluetooth Text to Speech

Bluetooth Message

Oops! Looks like there's an
obstacle ahead, but don't
worry, your path is clear on
both sides, left and right . You
can continue moving freely.

2) An obstacle is detected ahead to you and to your left side an
obstacle is detected, there is no obstacle to your right side,

The audio message will be ,

k3

Arduino Bluetooth Text to Speech

Bluetooth Message

Uh-oh! There's an obstacle
detected in front and to your
left, but don't worry, you're
clear to move freely in your
right direction.

Pitch

— o
Speed .

3)In front of you an obstacle is detected and to your right side an
obstacle is detected, there is no obstacle to your left side,
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The audio message will be ,

Arduino Bluetooth Text to Speech

Oops! An obstacle has been

detected in front and to your

right, but don't worry! You're

clear to move freely in your
left direction.

MIf the surroundings of the person can be covered by an
obstacle , that means in front , left & right side of the person,

Then, the audio message will be ,

Arduino Bluetooth Text to Speech

Bluetooth Message

Hey there! Looks like there's
an obstacle in front, to your
left, and to your right. No need
to worry! Just take a few steps
back and turn in any direction,
and I'll be here to provide
some assistance.

D. GSM Module (SIM80OL):

The SIM800L GSM module enables communication over the
Global System for Mobile Communications (GSM) network.
It allows the Arduino UNO to send and receive SMS messages
and make phone calls. In emergency situations, such as when
the panic button is pressed, the GSM module is activated.The

© 2024, IJSREM | www.ijsrem.com

Arduino sends an SMS containing the user's GPS coordinates as
a URL to predefined emergency contacts, alerting them to the
user's location.

9440175815

18:16

Texting with 094401 75815 (SMS/MMS)

Alert, badly need your help

18:16

@ @B Text message

D. GPS Module (NEO-6M):

The NEO-6M GPS module continuously receives signals from
GPS satellites to determine the device's precise geographic
location (latitude and longitude). The Arduino UNO retrieves the
GPS coordinates from the module and incorporates them into the
communication process.

The GPS data is utilized for two primary purposes:

Real-time tracking of the user's location to assist with
navigation,Emergency response functionality, where the user's
coordinates are sent to predefined contacts in case of distress.

OUTPUT URL FROM GPS FOR TRACKING:

Sending GPS located URL through GSM for a preferred
Number
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& 09440175815

18:16

Texting with 094401 75815 (SMS/MMS)
Alert, badly need your help

Alert, badly need your help
https://maps.google.com/maps
29=10c:16.295602,80.416702

Alert, badly need your help

https://maps.google.com/maps
?9=10c:16.295602,80.416702
18:19

® (@& Text message

€& 16.295602,80.416702 X 9
e

v

16°17'44.2"N 80°25'00.1'E

A Start [ save < Share

After successful integration, all modules were consolidated
into a single device, which was then fabricated onto a PCB for
enhanced functionality and durability. This final device was
affixed onto a walking stick, providing users with a portable
and intuitive solution for obstacle detection and navigation
assistance. The integration onto the stick ensures ease of use
and seamless incorporation into daily routines.

The picture of the device is :

How it Works

Upon detecting an obstacle, the ultrasonic sensor triggers the
servo motor to rotate, scanning the surroundings. The Arduino
UNO processes sensor data and communicates with the
Bluetooth Text-to-Speech app on a mobile device.

Voice instructions are relayed to the user, providing guidance to
navigate around obstacles. In case of an emergency, pressing the

panic button activates the GSM module. The GSM module sends
the user's GPS coordinates as a URL to preconfigured emergency
contacts, ensuring prompt assistance.

Benefits:
1.Enhances independence and safety for the visually impaired.
2.Real-time obstacle detection and navigation assistance.

3.Emergency alert system with precise location tracking.

V . CONCLUSION AND FUTURE SCOPE

In conclusion, the "Smart Eye for the Visually Impaired" project
marks a significant stride forward in assistive technology,
offering a holistic solution to enhance the mobility and
independence of individuals with visual impairments. Through
the integration of advanced sensors and user-friendly design, the
device has proven its efficacy in real-world scenarios, providing
invaluable support for navigating obstacles and improving
overall quality of life. Looking ahead, there are promising
opportunities for further refinement and expansion of the device.
Exploration of different sensor types tailored to specific
scenarios, such as infrared (IR) sensors for detecting staircases
and computer vision modules for object identification, can
enhance functionality and versatility. Additionally, the
integration of alternative power sources like solar panels or
piezoelectric sensors offers prospects for sustainability and
autonomy. Furthermore, advancements in computer vision
technology present exciting possibilities for enhancing object
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detection and identification. By continuing to innovate and
collaborate, the "Smart Eye" project can pave the way for
continued progress in assistive technology, fostering a more
inclusive and accessible society for all.
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