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Abstract

Assistive technologies play a vital role in improving the quality of life for individuals with visual
impairments. The Internet of Things (IoT) has enabled the development of smart devices that can collect,
process, and transmit real-time data to assist users in their daily activities. This paper presents the design and
development of IoT-enabled smart assistive glasses that help visually impaired individuals navigate their
surroundings safely. The system integrates sensors, a camera module, and a microcontroller to detect obstacles
and provide real-time audio alerts. The device communicates with connected platforms through IoT
technologies to enhance functionality and monitoring. The proposed solution is portable, affordable, and user-
friendly. The development of such assistive technologies contributes to global sustainability initiatives by
promoting inclusive innovation. This research aligns with Sustainable Development Goal (SDG) 3 — Good
Health and Well-Being, SDG 9 — Industry, Innovation and Infrastructure, and SDG 10 — Reduced Inequalities
by enabling accessible assistive technology for visually impaired individualsKeywords
IoT, Smart Glasses, Assistive Technology, Visual Impairment, Obstacle Detection, Wearable Devices, Smart
Sensors.
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Introduction

Visual impairment affects millions of people worldwide and significantly limits their ability to move
independently and safely. Traditional tools such as white canes and guide dogs help visually impaired
individuals navigate their surroundings, but they have certain limitations in detecting obstacles at different
heights or distances. With advancements in modern technology, especially the Internet of Things (IoT),
wearable devices can now provide intelligent assistance to users.

IoT enables devices to communicate and exchange data through the internet, allowing real-time
monitoring and smart decision-making. Smart assistive glasses are a wearable solution that integrates sensors,
cameras, and microcontrollers to detect obstacles and provide alerts to the user. These glasses help users
understand their environment through audio feedback, vibration signals, or smartphone notifications.The
purpose of this research is to develop an IoT-enabled smart assistive glasses system that improves mobility
and safety for visually impaired individuals. The system focuses on obstacle detection, object recognition, and
real-time alerts using connected technologies.

Literature Review

Researchers have explored several assistive technologies to support visually impaired individuals.
Traditional systems mainly rely on ultrasonic sensors to detect obstacles and provide warning signals.
However, these systems have limited detection capabilities and cannot identify specific objects.

Recent research focuses on integrating computer vision and artificial intelligence with wearable
assistive devices. Smart glasses equipped with cameras can capture images and process them using
image recognition algorithms. These systems can identify objects, recognize text, and detect
obstacles in real time.

Some IoT-based solutions integrate GPS technology for navigation assistance. These systems allow
visually impaired individuals to receive location-based guidance through smartphone applications.
However, many existing systems are expensive and require complex hardware setups.

Therefore, there is a need for an affordable IoT-based assistive solution that combines obstacle
detection, real-time feedback, and easy connectivity. The proposed IoT-enabled smart assistive
glasses aim to address these limitations by providing an efficient and cost-effective navigation aid.

Software Design

The software component of the system is responsible for processing sensor data and generating
appropriate alerts. The microcontroller is programmed using embedded C or Arduino programming
language. The program continuously reads sensor data and determines whether an obstacle is
present within a predefined range.

If an obstacle is detected, the system generates an audio alert to warn the user. The software
also manages communication between the device and connected loT platforms.
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System Architecture

The proposed system consists of smart assistive glasses integrated with IoT technologies. The system
is designed to detect obstacles and alert the user through audio feedback. The major components of
the system include a microcontroller, ultrasonic sensors, camera module, audio output device,
wireless connectivity module, and power supply.

The ultrasonic sensor continuously scans the environment to detect nearby obstacles. The camera
module captures images that can be processed to identify objects. The microcontroller processes
the data collected from sensors and triggers alerts when necessary.

The IoT connectivity allows the device to communicate with external platforms such as smartphones
or cloud servers. This feature enables data storage, monitoring, and additional processing for
improving system performance.
Hardware Components
e The hardware components used in the proposed system include:
e Microcontroller (ESP32): The ESP32 microcontroller is used as the central processing unit of the
system. It processes sensor inputs and controls the device operations.
e Ultrasonic Sensor: This sensor measures the distance between the user and nearby obstacles.
e Camera Module: The camera captures images of the surrounding environment for object recognition.
e Audio Output Device: A buzzer or earphone is used to provide alerts to the user.
e Battery: A rechargeable battery powers the wearable device.
Background

The Internet of Things has transformed many industries by enabling smart devices to communicate
and share information. In healthcare and assistive technologies, IoT plays a crucial role in developing
intelligent wearable devices that support individuals with disabilities.

Smart assistive glasses typically include components such as ultrasonic sensors for obstacle detection,
cameras for image capture, microcontrollers for data processing, and wireless modules for communication.
These devices can detect objects in the user’s path and provide immediate alerts.

Wearable assistive devices also use technologies such as cloud computing and mobile applications to
enhance functionality. With continuous improvements in sensors, artificial intelligence, and embedded
systems, loT-based wearable devices are becoming more powerful and accessible.

Problem Statement

Visually impaired individuals face significant challenges in navigating their surroundings safely and
independently. Traditional navigation tools such as white canes can only detect obstacles at ground level and
may not identify objects at head height or moving obstacles.

Existing assistive technologies are often expensive, bulky, or lack real-time connectivity and smart
features. Many systems do not provide accurate object detection or fail to offer immediate feedback to the
user.

Therefore, there is a need to develop an affordable, lightweight, and intelligent assistive device that
can detect obstacles, identify objects, and provide real-time alerts. The proposed IoT-enabled smart assistive

612



International Journal of Innovation Studies 10 (1) (2026)

glasses aim to address these limitations by integrating sensors, cameras, and wireless communication
technologies to enhance mobility and safety for visually impaired individuals.
Methodology

The proposed system is an loT-enabled smart assistive glasses designed to help visually impaired
individuals detect obstacles and navigate safely. The system consists of hardware components such as
ultrasonic sensors, a camera module, a microcontroller, a buzzer or vibration motor, and a wireless
communication module.

The ultrasonic sensor is used to detect obstacles in front of the user by measuring the distance between
the object and the glasses. When an obstacle is detected within a specific range, the microcontroller processes
the sensor data and triggers an alert signal through a buzzer or vibration motor.

The camera module captures images of the surroundings and sends them to a connected smartphone or
cloud server for object recognition. Through IoT connectivity, the device can transmit data in real time for
processing and monitoring.

The processed information is then converted into audio feedback that informs the user about nearby
objects or obstacles. This system helps visually impaired users understand their environment and move safely.
Results and Discussion

The prototype system was tested under different environmental conditions. The ultrasonic sensor
successfully detected obstacles within the specified range. Audio alerts were generated instantly
when objects were detected near the user.

The IoT connectivity enabled communication with external devices, allowing system monitoring
through connected applications. The device demonstrated improved navigation assistance compared
to traditional mobility aids.

Applications
The proposed loT-enabled smart assistive glasses can be used in various applications including:
e Navigation assistance for visually impaired individuals.

Smart healthcare monitoring systems

Wearable safety devices.

Smart city accessibility solutions.

These applications demonstrate the potential of IoT technologies in improving accessibility
and quality of life for people with disabilities.

Advantages

e Helps visually impaired people navigate independently
e Detects obstacles in real time

e Lightweight and wearable device

e Provides audio or vibration alerts

e (Can connect to smartphones through IoT

e Improves safety and mobility
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Future Scope

Future improvements may include the integration of artificial intelligence and machine learning
algorithms for advanced object recognition. GPS-based navigation systems can also be incorporated
to provide route guidance. Additionally, improvements in battery efficiency and device miniaturization
can enhance user comfort and usability

Requirement Analysis and Conceptualization

The process began with an "Empathy-First" analysis of the challenges faced by the visually impaired.
Traditional white canes were analyzed to identify their failure points—specifically their inability to detect
head-level obstacles and their lack of remote connectivity. This led to the conceptualization of a head-mounted
IoT node. The design requirement was set: the device must provide zero-latency local safety alerts while
maintaining a persistent cloud link for remote monitoring.

General Process of the Proposed Systems
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Fig .General Process of the Proposed Systems
Hardware Prototyping (Breadboard Phase)
During this stage, the "loT items" were integrated on a temporary breadboard to validate the serial
communication between the Arduino Nano and the ESP32-CAM.
o Challenge: It was discovered that the ESP32-CAM's Wi-Fi transmission caused significant power
spikes that reset the Arduino Nano.
Data Flow Diagram
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e Solution: The design was iterated to include a 1000uF decoupling capacitor and a dedicated 3.3V

voltage regulator to isolate the power rails, ensuring system stability during data uploads.
Software Logic and Algorithm Design

The software design process utilized a Modular Programming approach. The Arduino code was
designed around a non-blocking "Finite State Machine" to ensure the ultrasonic sensor could be polled 20
times per second. Simultaneously, the cloud-side logic was developed using Python and Firebase Functions to
handle the image-to-text conversion. The "Handshake Protocol" was designed at this stage to ensure the two
microcontrollers could synchronize their tasks without data collisions.
Hardware Implementation

The physical realization of the Al-Vision Pro followed a modular integration strategy to ensure signal

integrity and ease of troubleshooting.

e Processor Integration: The core implementation involved the Master-Slave synchronization of the
Arduino Nano and the ESP32-CAM. The Nano was mounted on the right stem of the glasses to handle
high-frequency sensor interrupts, while the ESP32-CAM was positioned on the bridge for an
unobstructed field of view.

e Sensor Calibrated Mounting: The HC-SR04 Ultrasonic sensor was mounted at a 5° downward tilt.
This implementation detail is crucial as it allows the system to detect low-lying obstacles (like curbs
or steps) that a parallel mount might miss.

Power Management Circuitry: Implementation included a TP4056 charging module and a Li-Po battery. A
common ground bus was established between all IoT items to prevent "ground loops," which can cause erratic
data in GPS and Ultrasonic readings

Embedded Firmware (Edge Logic)

The firmware was developed in Embedded C++.Nano Logic: Implemented a timer-based interrupt to poll the
ultrasonic sensor every 50ms.ESP32 Logic: Implemented an Asynchronous Web Server and MQTT Client.
This allows the glasses to stay "connected" to the internet without blocking the local safety functions of the
camera.
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The research confirms that:

o Hybrid Processing is Essential: Relying solely on the cloud creates dangerous latencies, while relying
solely on local sensors lacks context. The master-slave architecture used here provides a "fail-safe"
navigation system.

e Non-Visual UI Works: User testing showed that gradient haptic pulses are an intuitive way to convey
distance without causing "auditory fatigue."

e 10T Provides Peace of Mind: The integration of the NEO-6M GPS and Firebase ensures that the
glasses are not just a tool for the user, but a safety node for the caretaker.

In summary, the Al-Vision Pro fulfills its primary objective of enhancing the autonomy and safety of the
visually impaired, providing a cost-effective, scalable solution that competes with high-end proprietary
assistive technologies.

CONCLUSION

The IoT-enabled smart assistive glasses provide an innovative technological solution to support
visually impaired individuals in their daily lives. By integrating sensors, cameras, and IoT connectivity, the
proposed system can detect obstacles and provide real-time alerts to the user through audio or vibration signals.
This helps visually impaired people move safely and independently without relying completely on others. The
use of modern IoT technology makes the device more efficient and intelligent compared to traditional assistive
tools.

The proposed system focuses on improving mobility, safety, and confidence for visually challenged
individuals. Through obstacle detection and object recognition, the smart glasses help users understand their
surroundings and avoid potential dangers. The integration of wireless communication and mobile applications
also allows the device to provide additional support and monitoring features. This makes the system a practical
and effective solution for assisting visually impaired people.

Overall, the IoT-enabled smart assistive glasses demonstrate how wearable technology can
significantly improve accessibility and quality of life. The system is designed to be portable, affordable, and
easy to use, making it suitable for everyday applications. With further advancements in IoT, artificial
intelligence, and sensor technology, such assistive devices will continue to evolve and play an important role
in creating a more inclusive and supportive environment for people with disabilities.
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