International Journal on Science and Technology (IJSAT)

E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

=°

Smart Neckband for Visually Impaired People

Najiya Mansuri!, Sakshee Nonare?, Triveni Pandhare®, Poonam
Jibhakate®* Saurabh Malewar®

12345Students, Department of Computer Science and Engineering, Priyadarshini College of Engineering,
Nagpur

Abstract

The 'Smart Neckband' is an advanced mobility aid designed to enhance the safety and independence of
individuals with visual impairments. It helps blind people overcome their lack of vision by other senses
like sound. This device alerts the user of major hurdle with the help of audio and vibrating signals. As
These people suffer a lot of difficulties in their day to day routines. This Arduino based gadget will
assist the user in finding the obstacles in their way without the use of a stick, which is not that much
convenient for them, they can wear it as neckband which will be more convenient and easy for them.
Equipped with an Arduino Nano, GPS, GSM, an OLED display, and an ultrasonic sensor, the system
enables real-time location tracking and obstacle detection. By providing haptic or auditory feedback
upon detecting obstacles, it helps users navigate their surroundings with greater confidence and security.
This innovative solution addresses key challenges faced by disabled individuals, fostering autonomy,
social inclusion, and an improved quality of life. This design of neckband provides a low-cost, robust,
transportable solution for routes with a clear quick reaction time.
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1. Introduction

The 'Smart Neckband' is a cutting-edge mobility aid designed to overcome the challenges faced by
individuals with visual impairments. Traditional mobility tools, such as the white cane, primarily rely on
tactile feedback and offer limited functionality, making it difficult to detect obstacles at a distance or
communicate the user’s location during emergencies. The Smart Neckband addresses these limitations by
integrating modern technology to enhance safety, independence, and overall quality of life.

At the heart of the Smart Neckband is the Arduino Nano microcontroller, which coordinates the
functionality of key components, including GPS, GSM, an OLED display, and an ultrasonic sensor. The
GPS and GSM modules enable real-time location tracking, allowing caregivers or family members to
monitor the user's position remotely—an essential feature for ensuring prompt assistance in emergencies.
Meanwhile, the OLED display provides crucial information, such as battery status and connectivity alerts,
keeping users informed about the device’s operation.

A major innovation of the Smart Neckband is its ultrasonic sensor, which detects obstacles in the user's
path without requiring physical contact. Unlike traditional aids, which rely on direct interaction with
objects, this sensor identifies hazards from a distance and delivers early warnings through haptic or
auditory feedback. This proactive approach enhances navigation, reduces the risk of accidents, and boosts

IJSAT25012661 Volume 16, Issue 1, January-March 2025 1



https://www.ijsat.org/

International Journal on Science and Technology (IJSAT)

E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

=°

user confidence, particularly in unfamiliar or crowded environments.

Beyond its practical advantages, the Smart Neckband represents a significant step toward greater
inclusivity and accessibility. By harnessing advanced technology to meet the unique needs of individuals
with disabilities, it empowers users to participate more freely in daily activities—whether commuting,
working, or engaging in social interactions— without constant reliance on assistance. The Smart
Neckband is not just a mobility aid; it is a step toward a more inclusive society where innovation helps
improve the quality of life for all individuals, regardless of their physical abilities.

Aims and Objectives Aims

Provide individuals with visual impairments a dependable tool for independent navigation. Enhance user
independence by reducing reliance on caregivers for navigation and safety. Promote social inclusion
by empowering disabled individuals to confidently engage in daily activities.

Objectives

Integrate ultrasonic sensors to detect obstacles, minimizing accident risks and ensuring safer movement
in diverse environments.

Implement real-time location tracking using GPS and GSM modules, allowing caregivers to monitor the
user's whereabouts.

Design an intuitive and user-friendly system tailored to meet the specific needs of disabled individuals.

Literature Review

The paper "Voice Assisted Embedded Navigation System for the Visually Impaired” by Ramya,
Laxmi Raja, and B. Palaniappan discusses a navigation system designed to assist visually impaired
individuals. Traditional mobility aids like canes help detect obstacles but do not provide location
awareness, especially in new or changing environments. The authors propose an advanced system that
integrates electronic sensors, touch sensing, and microcontroller technology to enhance navigation. The
system offers audible messages and haptic feedback to help users identify their location and surroundings.
It also enables note-taking via a touch keypad and provides audio-based information on navigation
directions, ambient light, and temperature conditions. The goal is to improve mobility, independence, and
communication for visually impaired individuals, especially in unfamiliar areas.[1]

The paper "Design and Implementation of an Intelligent Navigation System for Visually Impaired
People" by Alves, Figueiredo, and Vieira (2018) presents a smart navigation system that assists visually
impaired individuals using sound navigation and ranging (SONAR). The system integrates ultrasonic and
infrared (IR) proximity sensors for real-time obstacle detection and employs image processing to estimate
the size and distance of obstacles, ensuring a safe navigation path. Additionally, it includes voice
recognition for hands-free device control and features a device recovery function in case it is lost. The
system is designed to be cost-effective, lightweight, and portable, allowing visually impaired individuals
to move independently without external assistance.[2]

The paper "Smart Blind Stick for Visually Impaired People Using Arduino and Ultrasonic
Sensors" presents a smart walking stick designed to assist visually impaired individuals in navigating
their surroundings. With around 37 million blind people worldwide, many rely on external assistance
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from humans, guide dogs, or electronic devices. This study introduces an improved white cane that
integrates ultrasonic sensors at specific positions to detect obstacles. When an obstacle, water, or dark
area is detected within 2 meters, the system activates a buzzer to alert the user. The device is low-cost,
lightweight, and microcontroller-based, processing signals in real-time to enhance mobility. The system
was developed using C programming, tested for accuracy, and validated by visually impaired users.[3]

The paper "Voice-Based Navigation System for Blind People Using Ultrasonic Sensor” by
Anushree Harsur and Chitra M. presents a cost-effective and flexible navigation system designed to help
visually impaired individuals navigate independently in outdoor environments. Existing navigation
systems are often expensive and time-consuming to manufacture. This system addresses these challenges
by using sound-based navigation instructions powered by speech-to-text and text-to-speech conversion
technologies. The system utilizes Pocket Sphinx and Google API for speech-to-text conversion, while
Espeak handles text-to-speech, converting navigation instructions into Hindi for user convenience. A
Raspberry Pi processes route navigation queries using Geo-coder to generate pedestrian routes, which are
then converted into voice guidance. The user can input a destination using a microphone, and the entire
system is lightweight and wearable, designed to be worn on the waist without obstructing the user's
senses. This system enhances independence and accessibility for visually impaired individuals. [4]

The paper "Remote Guidance for the Blind — A Proposed Teleassistance System" by M. Bujacz
et al. presents a teleassistance navigation system for visually impaired individuals. The system works by
transmitting a live video stream from a camera worn by the visually impaired user to a remote assistant,
who provides real-time spoken navigation instructions. Communication is established using GSM and
High-Speed Downlink Packet Access (HSDPA).

Mobility trials were conducted on a university campus with a mobile prototype and three blind
volunteers to evaluate the system’s efficiency, reliability, mobility impact, and safety improvements. The
results showed that the remote guidance system significantly improved travel speed and reduced missteps
and collisions, demonstrating its effectiveness in assisting visually impaired individuals in outdoor
navigation.[5]

Methodology

System Design and Component Integration

The Smart Neckband system is meticulously designed to integrate multiple essential components,
each playing a critical role in ensuring its functionality, usability, and overall effectiveness in assisting
individuals with visual impairments. At the heart of the system lies the Arduino Nano microcontroller,
which acts as the central processing unit, managing all data input and output operations and facilitating
seamless interaction between the system's various hardware components.

To enhance the mobility and independence of visually impaired users, the GPS module is
incorporated into the Smart Neckband to enable precise and real-time location tracking. This feature
allows the device to continuously determine and update the user’s geographical position. Complementing
this, the GSM module facilitates communication by enabling the transmission of location information to
caregivers, family members, or emergency services whenever necessary. This integration of GPS and
GSM technologies ensures that users can be tracked and assisted in real-time, particularly in situations

where immediate help is required.
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Additionally, an ultrasonic sensor is employed to enhance the safety of users by detecting obstacles
in their path. This sensor emits ultrasonic waves, which bounce off objects and return to the sensor,
allowing the system to calculate the distance of nearby obstacles. The information gathered is processed
by the Arduino Nano to determine potential hazards and alert the user accordingly.

To provide users with real-time feedback and system status updates, the OLED display is
integrated into the device. This screen conveys vital information such as battery levels, connectivity
alerts, and notification messages. Since individuals with visual impairments may have difficulty relying
solely on visual feedback, the system also includes alternative modes of feedback, such as haptic
(vibration- based) or auditory alerts, to ensure accessibility.

The selection and integration of these components are carefully planned to ensure compatibility,
efficiency, and seamless operation. Each element plays a crucial role in achieving the Smart Neckband’s
primary objective— enhancing mobility, safety, and independence for individuals with visual
impairments. The combination of these technologies creates a comprehensive assistive tool that
overcomes the limitations of traditional mobility aids, such as white canes or guide dogs, and offers greater
functionality and support for users.

Implementation of Real-Time Location Tracking

A key feature of the Smart Neckband system is its ability to provide continuous real-time location
tracking, a function that is made possible through the integration of GPS and GSM modules. The GPS
module is responsible for capturing the exact coordinates of the user’s location at any given time. This
location data is then processed and refined by the Arduino Nano, ensuring accuracy in position detection.

Once the real-time location is determined, the GSM module facilitates communication by
transmitting this information to designated recipients. This can be achieved through SMS alerts, cloud-
based data transmission, or direct messaging to a preconfigured recipient such as a caregiver or emergency
contact. In emergency situations—such as if the user is lost, in danger, or requires immediate assistance—
the system enables swift communication, allowing caregivers to track and locate the user efficiently.

Moreover, this tracking system operates in a continuous manner, meaning that users can be
monitored in real-time. If a user moves from one place to another, their current location can be updated
and relayed dynamically. This functionality greatly enhances personal safety, particularly in unfamiliar or
hazardous environments, by ensuring that assistance can be provided when needed.

The integration of GPS and GSM technology into the Smart Neckband represents a significant
advancement over conventional mobility aids, which typically do not offer location tracking or emergency
alert capabilities. This feature is especially beneficial for individuals who may have difficulty navigating
alone or who require frequent assistance from caregivers.

Obstacle Detection and User Feedback Mechanism

One of the core challenges faced by visually impaired individuals is the ability to navigate safely
while avoiding obstacles that may pose risks. To address this issue, the Smart Neckband system
incorporates an advanced ultrasonic sensor, which functions as the primary obstacle detection mechanism.
The ultrasonic sensor operates by emitting high-frequency sound waves that travel through the air,

bounce off objects, and return to the sensor. By measuring the time it takes for the sound waves to
return, the system determines the exact distance between the user and potential obstacles. This information
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is then processed by the Arduino Nano, which determines whether an obstacle is dangerously close.

If an obstacle is detected within a predefined critical distance range, the system activates its
feedback mechanism, alerting the user through haptic vibrations or auditory signals. These alerts allow the
user to adjust their movement accordingly, preventing collisions and improving navigation. The strength
and frequency of the feedback signals can be varied based on the distance of the detected obstacle—for
instance, obstacles that are extremely close may trigger stronger vibrations or more frequent beeping
sounds, while objects farther away may trigger milder alerts.

This real-time hazard detection system significantly enhances user safety, as it provides instant
feedback, allowing the user to react swiftly to avoid obstacles. Unlike traditional white canes, which rely
on physical contact to detect barriers, the ultrasonic sensor allows for proactive hazard avoidance—
detecting obstacles before physical contact is made, thus improving mobility and confidence in navigation.

User Interface and Interaction

A key aspect of the Smart Neckband’s design is its user- friendly interface, which ensures ease of
use for individuals with visual impairments. To achieve this, the system incorporates an OLED display,
which provides users with real-time updates on system status. The OLED display presents essential
information such as battery status, network connectivity, and system alerts, ensuring that users remain
informed about their device’s operational state.

Because visually impaired individuals may not always rely on screen-based feedback, the Smart
Neckband is also equipped with alternative interaction methods, such as tactile buttons, voice commands,
and haptic feedback mechanisms. These features ensure that users can interact with the device intuitively
without requiring complex inputs.

The design prioritizes simplicity, accessibility, and functionality, ensuring that users of varying

technical proficiency can operate the device with ease. The OLED screen is optimized for clarity,
displaying high-contrast text and symbols that are easy to read, while the auditory and haptic alerts ensure
accessibility for those who cannot rely on visual feedback.

Testing, Optimization, and Continuous Improvement

To ensure that the Smart Neckband performs reliably in real- world conditions, it undergoes
comprehensive testing and iterative optimization. The testing phase includes evaluations in various
environments, such as indoor spaces, crowded areas, streets, and open terrains, to determine how
effectively the device detects obstacles, tracks locations, and transmits alerts.
Key aspects of the testing process include:
1. Accuracy testing of the GPS module, ensuring that location tracking is precise and real-time updates
are reliably transmitted.
2. Effectiveness of the ultrasonic sensor, assessing its ability to detect various types of obstacles (e.g.,
walls, furniture, moving objects) at different distances.
3. Functionality of the GSM communication module, verifying that location alerts are
successfully transmitted to caregivers or emergency contacts.
4. User experience evaluation, gathering feedback from visually impaired individuals to assess
usability, comfort, and practicality.

Through multiple rounds of testing, necessary modifications and improvements are implemented
to enhance the performance, battery life, and overall efficiency of the system. Efforts are made to optimize
IJSAT25012661 Volume 16, Issue 1, January-March 2025 5
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power consumption, ensuring that the device remains operational for extended periods without requiring
frequent recharging.

By continuously refining the system based on user feedback and technological advancements, the
Smart Neckband evolves into a more sophisticated, reliable, and practical mobility aid, capable of
significantly improving the safety, independence, and confidence of visually impaired individuals.
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Figure 2: Circuit Diagram
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Results & Conclusion
Results:

The Smart Neckband underwent rigorous testing in real-world conditions to evaluate its efficiency in
navigation, obstacle detection, and real-time tracking. The system successfully met its design objectives,
offering accurate location tracking, reliable obstacle detection, and an intuitive user interface.

Real-Time Tracking Efficiency:

1. The GPS module accurately provided real-time location data, and the GSM module successfully
transmitted this information to caregivers.

2. Compared to traditional white canes or smart walking sticks, the neckband eliminates the need for
physical contact with obstacles and offers location monitoring, making it superior in emergency
scenarios.

Obstacle Detection & Navigation:

1. The ultrasonic sensor demonstrated high precision in detecting objects at varying distances.

2. Haptic and auditory feedback mechanisms provided instant alerts to users, improving response time
to potential hazards.

3. Compared to Smart Blind Walking Sticks, which require physical movement to detect obstacles, the
neckband offers early detection, allowing proactive avoidance.

User Interface & Usability:

1. The OLED display provided clear and accessible status updates, although visually impaired users
relied more on haptic and audio feedback.

2. Unlike other wearable assistive devices, the neckband integrates multiple communication modes
(visual, auditory, haptic), making it adaptable for different user preferences.

Battery Efficiency & Wearability:

1. The system was optimized for low power consumption, ensuring extended battery life.

2. Unlike Smart Glasses or Camera-Based Al Systems, which may require frequent recharging due to
camera and processing requirements, the Smart Neckband offers longer operational periods without
sacrificing functionality.

Smart Blind
Walking Stick

Al-Powered Smart
Glasses

Mobile-Based

Feature Smart Neckband Assistive Apps

Real-Time GPS
Tracking

& Yes X No B2 Yes (if integrated) & Yes

Obstacle
Detection

Emergency
Alerts

User Feedback
System

Wearability &
Portability
Power

Consumption

Ease of Use

Cost Efficiency

83 Yes (Ultrasonic)

& Yes (GSM-
based)

& Haptic, Auditory
& OLED Display

& Lightweight &
Hands-Free

2 Low

& Simple, Minimal
User Input

82 Affordable

82 Yes

(Ultrasonic)

X No

&3 Haptic &
Auditory

X Requires
Holding

& Low

& Simple,
Manual

Operation

& Affordable

% Yes (Camera-
Based)

B Yes (if connected

to a network)

82 Audio & Visual

X Bulky &
Expensive

X High (due to
cameras & Al

processing)

X Requires Training

X Expensive

X No

Yes (via app
notifications)

8 Visual & Audio

& Portable but
Requires Smartphone

X Dependent on
phone battery

X Depends on
Smartphone
Familiarity

& Affordable

Table 1: Comparison Table of Smart Neckband system and other systems.
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Conclusion

The Smart Neckband represents a significant advancement in assistive technology for individuals
with disabilities, particularly those with visual impairments. By integrating GPS, GSM, ultrasonic
sensors, and an OLED display, the system effectively addresses key challenges in navigation and personal
safety. The successful combination of these technologies underscores the potential for innovative
solutions to improve the quality of life for users, offering them greater autonomy and confidence in daily
activities.

The positive outcomes from the testing phase highlight the Smart Neckband’s reliability in
providing real-time location tracking and precise obstacle detection. The device’s user- friendly design
ensures accessibility, making it a practical tool for individuals with visual impairments. Its ability to
transmit location data and deliver timely feedback on surrounding obstacles marks a significant
improvement over traditional mobility aids.

In conclusion, the Smart Neckband not only meets its design objectives but also contributes to the
broader goal of fostering social inclusion and empowerment for individuals with disabilities. The
successful implementation and testing of the system suggest promising opportunities for further
advancements in assistive technology. Future research and development could focus on enhancing battery
efficiency, expanding functionalities, and integrating additional features to continue innovating in the
field of mobility assistance.
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