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Abstract

Visually impaired individuals face significant challenges in navigating public and private spaces
due to limited environmental awareness and the risk of unexpected obstacles. Traditional mobility tools like
canes or guide dogs provide assistance but remain limited in range, precision and multi-directional
awareness. This paper introduces Vision Mate, a smart wearable shoe that combines IoT, embedded systems,
and sensor technology to deliver a comprehensive navigation aid. The system integrates Time-of-Flight
(ToF) sensors, an I.SP32 microcontroller, vibration feedback and Bluetooth-based smartphone connectivity
to achieve real-time obstacle detection, voice navigation, live tracking and emergency alerts. The project
JSocuses on developing a low-cost, portable and power-efficient assistive solution tailored for visually impaired
users. Extenstve testing in real-world conditions demonstrates promising results in accuracy, responsiveness
and user safety enhancement.
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Introduction

The World Health Organization (WHO) estimates that over 285 million people globally
live with some form of visual impairment. Navigating daily environments such as roads, pathways,
public transport and indoor spaces presents significant risks, including collisions, falls, and
disorientation. Conventional aids like walking canes provide tactile feedback but cannot detect
overhead or distant obstacles. Guide dogs, although effective, require intensive training and high
maintenance costs, making them inaccessible for many individuals. Recent advances in IoT and
embedded systems open new opportunities for developing cost-effective, wearable assistive devices
that enhance mobility and independence. Vision Mate aims to fill this technological gap by
designing a smart shoe that integrates compact sensors, wireless communication, and real-time
feedback mechanisms. The system provides directional vibration cues, voice assistance through a
mobile app and live location tracking, making navigation safer and more intuitive. This project
contributes to the growing research on assistive wearables, offering an innovative yet affordable
solution suitable for both indoor and outdoor environments.

Literature Survay

This research introduces a wearable shoe system for visually impaired people, built using

Internet of Things (IoT) technologies. The shoe is embedded with sensors and a microcontroller
and connects wirelessly to a companion mobile app. It can detect obstacles, monitor the user’s
motion (like gait or falls) and provide real-time alerts (via the app) to help the user navigate safely
and independently. Through user testing and feedback, the authors demonstrate that their system
improves mobility, reduces risk and empowers visually impaired individuals with more
autonomy.[17]
The smart shoe system uses ultrasonic sensors embedded in the footwear to detect obstacles in the
path of a visually impaired person. When the sensor detects an object within a certain distance, the
microcontroller processes this data and triggers feedback — typically a buzzer sound or vibration
— to alert the wearer. Some designs also incorporate a GPS-GSM module, which can send the
user’s location to a caretaker in case of emergencies.[2]

The Voice-Guided Smart Shoes with Bluetooth (IJERT 2022) is a wearable assistive
system designed to help visually impaired individuals navigate safely. The shoe integrates
ultrasonic sensors to detect nearby obstacles and a moisture sensor to identify wet surfaces. When
a hazard is detected, the system sends information via Bluetooth to a smartphone, which then
provides voice-based alerts and navigation guidance to the user. The design also supports two-way
connectivity for route assistance using GPS through the mobile app, and includes a wireless
charging mechanism for convenience. Overall, the project enhances mobility, safety and
independence by offering real-time voice guidance directly through the footwear.[3]
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Methodology
The methodology of this project follows a systematic process to design, develop and validate a smart wearable shoe
capable of detecting obstacles, guiding visually impaired users and ensuring safe navigation.
Problem Analysis & Requirement Gathering
The project starts by understanding the mobility difficulties faced by visually impaired individuals and identifying the
weaknesses of current tools like canes and basic smart devices. These solutions lack multi-direction obstacle detection and reliable
navigation support. Therefore, the system requirements were defined to include all-direction obstacle sensing, mobile-based
navigation, real-time tracking, and clear haptic or audio alerts to ensure safe and independent movement.
System Architecture & Module Design
The system architecture is designed by integrating sensors, the ESP32 microcontroller, a mobile application and
Bluetooth communication. Suitable components such as ToF sensors, an IMU, vibration motors and a Li-ion battery are selected
to ensure accurate sensing and efficient operation. The data flow is structured so that the hardware collects obstacle information,
processes it through the ESP32, and sends navigation or safety updates to the smartphone app for real-time user guidance.
Data Processing & Control Algorithms
The system processes sensor data by applying filtering techniques to minimize noise and improve accuracy. Sensor
fusion between the IMU and ToF sensors enhances stability and reliability during movement. Based on the processed real-time
data, the control algorithm instantly triggers vibration alerts or voice instructions to guide the user safely around obstacles.
Evaluation & Optimization
The system is evaluated through repeated testing to analyze performance and user responses. Based on the results,
vibration patterns and detection thresholds are refined for better accuracy, while power consumption is optimized to extend
battery life. Mechanical mounting and the mobile app interface are also improved to enhance comfort, usability and overall
reliability of the smart shoe.
Testing Validation
e  Module Testing
Each hardware component—ToF sensors, IMU, ESP32, vibration motors and Bluetooth—is tested separately to verify
correct functionality and stable response.
e  Environmental Testing
The shoe is tested in indoor and outdoor environments, including crowded areas, low-light spaces, uneven surfaces, and
narrow pathways, to measure detection accuracy and reliability.
e  Obstacle Detection Validation
Obstacle range, angle coverage and response time are evaluated to ensure timely vibration or voice alerts in real walking
scenarios.
e  Mobile App Testing
Bluetooth connectivity, navigation guidance, live tracking and SOS communication are tested for accuracy and smooth
performance.
e  User Experience Testing
Users test the prototype to evaluate comfort, clarity of vibration patterns, ease of understanding alerts and overall usability.
¢  Final System Validation
All modules are integrated and tested together to ensure consistent alerts, stable communication and safe navigation
performance.
Hardware Components
e JoT-Based Shoe
The shoe has sensors and actuators such as accelerometers, gyroscopes, pressure sensors and vibration motors. These
components capture data related to the user's movement, gait and interaction with the environment.
e JoT Connectivity Wireless Communication
The IoT-Based Shoe communicates with other devices and the internet using wireless communication technologies such as
Wi-Fi, Bluetooth or cellular connectivity. This allows for realtime data transmission and interaction with the system.
e  Sensor Data Processing Microcontroller
The shoe's hardware includes a microcontroller or embedded system that collects processes and analyses the sensor data in
real time. It may use algorithms and signal-processing techniques to extract relevant information from the sensor readings.
e Mobile Application User Interface
A dedicated mobile application is the user interface for interacting with the IoT-Based Shoe system. It can be installed on a
smartphone or tablet and provides a graphical interface for configuring settings, receiving alerts, and accessing additional
features.
e  Cloud InfrastructureData Storage and Processing
The IoT-Based Shoe system may utilise cloud infrastructure to store and process the collected sensor data. This allows long-
term storage, data EAI Endorsed Transactions on Internet of Things | Volume 10 | 2024 | IoT-Based Shoe for Enhanced
Mobility and Safety of Visually Impaired Individuals 8 analytics and machine learning algorithm to derive insights and
improve system performance.
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Proposed System

The system consists of a smart insole equipped with pressure sensors and other embedded sensors connected to a central
microcontroller. The microcontroller receives continuous input from these sensors to detect obstacles, terrain changes and user
steps in real-time. Actuators embedded within the shoe receive signals from the microcontroller to alert the user using vibrations
or sounds whenever an obstacle or directional change is detected. A wireless communication module allows the microcontroller to
transmit critical data—including location, movement status and alerts—to a connected mobile application or cloud platform. A
rechargeable battery powers all electronic components, ensuring extended use and portability.

Function Modules
Pressure Sensors & Embedded Detectors: Detect step pressure, terrain type and proximity obstacles.
Microcontroller Unit: Central node that processes sensor inputs, runs detection and navigation algorithms and manages all
outputs.
Actuators (Vibration/Sound Feedback): Notify the user of immediate hazards or provide turn-by-turn navigation cues.
Wireless Communication Module: Enables connection to smartphones and the cloud for live tracking, assistance and emergency
alerts.
Battery Power Supply: Rechargeable unit for mobile operation with monitoring and energy conservation features.
Operation Flow
Sensors scan for obstacles and monitor foot pressure.
Microcontroller processes sensor data for detection and movement patterns.
When a hazard or navigation event is detected, actuators produce vibration or audio feedback.
Microcontroller transmits data to the wireless module for mobile/cloud interaction.
. System continuously monitors power, alerts for battery low and allows remote monitoring via app.
Block Diagram

a INPUT PROCESSING OUTPUT
Ultrasonic sensor mees———————  Microcontroller # Vibrating Motors
| Buzzer
GPS Module d
Bluetooth :
Accel Mobil
ccelerometer Module obile App
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Future Scope

e Advanced Sensor Integration
Future versions of the smart shoe can adopt higher-precision Time-of-Flight sensors, thermal imaging modules or LiIDAR
mini-modules to improve obstacle detection accuracy. These advanced sensors will help the system identify objects at longer
distances and classify obstacles more effectively, enhancing safety for visually impaired users.

e Al-Based Navigation & Object Recognition
Artificial Intelligence can be incorporated to analyze patterns in user movement, predict obstacles and provide smarter
navigation decisions. With on-device machine learning or cloud-based AI models, the shoe can recognize object types
(vehicle, human, step, pothole) and guide the user with more meaningful alerts.

¢ Cloud Connectivity & IoT Integration
The project can be expanded to connect the system to cloud platforms for real-time monitoring. Families or caretakers can
track user movement, receive emergency alerts and analyze mobility patterns. Cloud storage will also help in long-term data
analysis to improve device performance.

e  Enhanced Mobile Application Features
The mobile app can be upgraded with features like customizable vibration modes, voice command support, Google Maps-
based navigation and health/mobility analytics. These additions can make the system more user-friendly and adaptable to
individual needs.

e Power Optimization & Battery Upgrade
Future models can use ultra-low-power microcontrollers, optimized firmware and energy-harvesting systems such as
piezoelectric soles to extend battery life. Faster charging and wireless charging options may also be incorporated for
convenience.

e Improved Mechanical and Ergonomic Design
The shoe can be made lighter, more durable, and more comfortable by using flexible PCBs and compact sensor housing.
Waterproofing, shock resistance, and stylish designs can make the device more suitable for daily usage.

e Real-Time Environment Mapping
Future versions can include environment mapping (SLAM technology) to create a layout of nearby areas. This can help users
understand their surroundings better and navigate unknown places with higher confidence.

e Integration with Assistive Ecosystems
The system can be expanded to connect with other assistive technologies like smart canes, wearables (smartwatch) or AR
navigation glasses. Combining multiple devices will create a complete mobility-assistance ecosystem.

e  Personalization & User Behavior Analytics
Using long-term data, the shoe can adapt vibration strength, alert frequency, and navigation style based on user behavior.
Personalized settings will make the system more intuitive and suitable for different walking speeds or habits.

e Commercial Deployment & Scalability
In future, mass production can reduce the cost of the device, making it affordable for visually impaired communities.
Collaboration with NGOs and healthcare organizations can help in large-scale deployment and social impact.

Conclusion

The IoT-Based Smart Shoe for visually impaired individuals offers a practical, affordable, and reliable solution to
enhance independent mobility and safety. By integrating obstacle-detection sensors, a microcontroller, haptic feedback and a
mobile app, the system provides real-time guidance and reduces the risk of accidents in both indoor and outdoor environments.
The lightweight design, low power consumption, and intuitive alerts make it suitable for daily use. Overall, the project
demonstrates how IoT and wearable technology can significantly improve the quality of life for visually impaired users, while also
providing a strong foundation for future advancements such as Al, cloud support and advanced navigation features.

Result

The proposed Vision Mate — Smart Shoe for Blind Persons was successfully developed and tested, demonstrating reliable
performance in real-time mobility scenarios. The integrated ToF distance sensors accurately detected obstacles within a safe
range, providing early alerts through vibration motors and mobile app voice guidance. The ESP32 microcontroller processed
sensor inputs smoothly with minimal latency, ensuring that users received timely warnings during walking. Bluetooth
communication with the mobile app remained stable within a 10—15 meter range, enabling continuous navigation support and live
location tracking.

Battery testing showed that the device operated efficiently for several hours due to optimized power management. The
shoe’s lightweight and ergonomic design ensured comfort and ease of movement. Real-world testing with controlled environments
proved that the system significantly reduces the chances of collisions, missteps, or directional confusion. Overall, the prototype
validated the effectiveness of IoT-based wearable assistive technology in improving safety, confidence, and independence for
visually impaired individuals.
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Test Case
Analysis Table
Obstacle Avg. Bluetooth User
. False Battery
crowded | Detection | Response . Range Comfort
. Detection .2 Backup .
Area Accuracy Time Rate (%) Stability (Hours) Rating
(%) (ms) i (%) (1-5)
Indoor 92 180 3 98 6.5 5
Outdoor 89 210 5 95 6 4
Crowded 85 240 7 92 5.5 4
Area
Low 87 200 6 94 6.2 5
Light ' ’
Uneven 83 260 8 90 5 3
Surface
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