International Journal of Scientific Research & Engineering Trends
Volume 12, Issue 2, Mar-Apr-2026, ISSN (Online): 2395-566X

Intelligent Shoe System For Blind Navigation

Dr.S. Manikandan !, Premkumar V %, Thamarai Selvan T 3, Tharun M *
! Assistant Professor Department of Computer Science and Engineering Kongunadu College of Engineering and Technology
Tamilnadu,India
234 Department of Computer Science and Engineering Kongunadu College of Engineering and Technology Tamilnadu, India

Abstract- — Independent navigation in dynamic and unfamiliar environments remains a major concern for individuals with
visual impairments. Conventional mobility aids such as white canes and guide dogs offer limited spatial awareness and may not
effectively detect obstacles at varying distances or heights. This paper introduces an Intelligent Shoe System for Blind Navigation
that enhances user safety and mobility through real-time sensing and feedback mechanisms. The system embeds ultrasonic and
infrared sensors within footwear to continuously monitor the surrounding environment and identify obstacles in the user’s path.
A microcontroller processes sensor inputs and provides immediate feedback through vibration and audio cues, enabling intuitive
and hands-free navigation. The design optionally incorporates GPS and wireless communication to support outdoor navigation,
route assistance, and emergency alerts. Emphasis is placed on low power consumption, affordability, and comfort to ensure
suitability for everyday use. Experimental results indicate improved obstacle detection performance and a noticeable reduction
in collision incidents when compared to traditional assistive tools. The proposed intelligent shoe system aims to promote greater
independence, confidence, and overall quality of life for visually impaired users.
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I. INTRODUCTION

Visual impairment substantially compromises an individual's
capacity for secure and autonomous navigation in everyday
environments. International health statistics indicate that
millions worldwide suffer from reduced or absent vision,
constraining their movement capabilities and heightening
reliance on external assistance. Achieving safe mobility across
indoor and outdoor settings represents a paramount challenge
for people with vision loss, as environmental hazards including
barriers, irregular terrain, and moving entities present persistent
threats of physical harm.

Conventional navigation tools such as mobility canes and
assistance animals have historically served blind users. Despite
their utility, these solutions possess fundamental constraints.
Mobility canes detect only proximate ground-level
impediments, providing insufficient awareness of overhead or
mobile dangers. Assistance animals, while valuable, demand
rigorous preparation, substantial ongoing expenses, and remain
unavailable to many potential users. These shortcomings
underscore the necessity for innovative assistive technologies
delivering superior spatial awarenesswhile maintaining
affordability, compactness, and operational simplicity.

Contemporary progress in microcontroller platforms, detection
instrumentation, and body-worn electronics has facilitated
creation of sophisticated navigation assistance for vision-

impaired persons. Body-worn solutions particularly enable
hands-free functionality and smooth incorporation into routine
activities. Smart footwear emerges as an especially viable
medium, naturally synchronizing with human locomotion
while discreetly providing navigational support. Through direct
sensor integration within footwear, environmental information
acquisition occurs continuously without imposing physical
encumbrance.

The Intelligent Footwear System for Vision-Impaired
Navigation addresses these limitations by incorporating multi-
modal sensors detecting obstacles across varying ranges and
elevations. Ultrasonic and infrared detection modules identify
proximate objects, while processing hardware analyzes sensor
inputs and produces instantaneous feedback. Haptic stimulation
and auditory signals notify users, facilitating rapid and
instinctive reactions without mental strain. Supplementary
capabilities including satellite positioning and wireless
connectivity can augment outdoor wayfinding and crisis
response mechanisms.

This research concentrates on engineering an economical,
power-optimized, and ergonomic intelligent footwear platform
that advances mobility security for vision-impaired
populations. Through integration of continuous obstacle
recognition with wearable convenience, the presented system
endeavors to elevate autonomy, self-assurance, and general
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well-being, advancing
infrastructure.

inclusive and equitable mobility

II. RELATED WORKS

Al Azim Bari, Md. Farhan Fuad Antar, Sadia Islam,
Sadman Shahriar Alam, Naimur Rahman Esam & S. M.
Tanvir Hassan Shovon (2025)“A Low-cost Smart Shoe
Solution for Real-Time Obstacle Detection and Location
Monitoring in Deafblind Users.” This paper presents a smart
shoe system designed for deafblind navigation using ultrasonic
sensors, vibration motors, buzzers, and a GPS module managed
by an ESP32 microcontroller. The system detects obstacles in
real time and provides dual feedback—vibration and sound—
to alert users and prevent collisions. Integrated GPS enables
remote location tracking via mobile applications for caregiver
monitoring. Testing in varied environments showed around
92.4% obstacle detection accuracy and £5 m GPS precision,
demonstrating effectiveness and practicality. The lightweight,
portable, and energy-efficient design emphasizes comfort for
daily use and supports future enhancements like Bluetooth or
Al-assisted navigation, making it an accessible solution for
dual sensory impairments.

Laxmi Raja & R. Santhosh (2021)

“Experimental study on shoe based navigation system for the
visually impaired.” This study develops a shoe-based
navigation system to support visually impaired individuals in
moving independently. The design embeds ultrasonic and
infrared sensors into footwear to sense obstacles and minimize
false positives. An ARM Cortex-M3 microcontroller processes
sensor data and triggers alerts through buzzers and vibration
alarms. A force—sensitive resistor ensures efficient activation
only when the shoe is worn. The system also incorporates cloud
connectivity for remote data access. Testing suggests enhanced
obstacle detection and mobility support indoors and outdoors.
The research highlights practical advances in smart shoe
navigation, balancing sensor fusion, embedded control, and
user interaction.

S. Ananth, L. S. Kavitha, S. Kesavprabu, S. Prasanna, S.
Veerajayashuriya& M. Vignesh Kumar (2025)

“An Al-Powered Autonomous System for Real-Time Blind
Smart Shoe.” This paper proposes an Al-enhanced smart shoe
leveraging IoT and computer vision. An ESP32-CAM
continuously captures the user’s surroundings, transmitting
visual data to an Android app that uses deep learning models
for object detection. Detected obstacles are classified and
communicated via voice alerts using TTS (Text-to-Speech)
over Bluetooth audio modules. The app also integrates GPS for
route guidance, offering directional instructions like “Turn left”

in real time. The fusion of real-time vision processing,
smartphone integration, and speech feedback improves
navigation awareness and independence.

Timofei Kozlov, Artem Trandofilov, Georgii Gazaryan,
Issatay Tokmurziyev, Miguel Altamirano Cabrera &
Dzmitry Tsetserukou (2026)“GuideTouch: An Obstacle
Avoidance Device for Visually Impaired.”GuideTouch
introduces a wearable haptic navigator using vertically aligned
Time-of-Flight (ToF) sensors to capture 3D environmental data
and four vibrotactile actuators to provide directional haptic
feedback around the shoulders and chest. Tested with
participants and visually impaired users, the system achieved
~93-94% recognition accuracy for primary directional cues,
confirming intuitive spatial perception and enhanced mobility
safety. Its design emphasizes compactness, affordable
materials, and intuitive user interaction, extending beyond
cane-based solutions.

Edgar Casanova, Diego Guffanti & Luis Hidalgo (2025)
“Technological Advancements in Human Navigation for the
Visually Impaired: A Systematic Review.” This systematic
review examines recent wearable and electronic travel aids
(ETAs) that improve mobility for blind individuals. It analyzes
technologies such as ultrasonic sensors, LIDAR, RGB/RGB-D
vision, and localization algorithms to assess their effectiveness
and limitations, including power use and user comfort. The
review also highlights progress in navigation maps and
feedback mechanisms (auditory, haptic), stressing the need for
multimodal sensing and environment-aware systems for safe
mobility. It provides a comprehensive overview of emerging
methods and identifies persistent gaps in real-world
deployment.

Saranya V. S., Sonthi V. K., Boyapati P., Krishna B. L. V. S.
R., Ummadisetti G. N. & Naresh P. V. (2023)“An IoT
Machine Learning Approach for Visually Impaired People
Walking Indoors and Outdoors.” This research introduces an
IoT and machine learning-based system to support indoor and
outdoor navigation for visually impaired users. The framework
integrates sensor networks with ML models to interpret
environmental data and provide timely feedback for safe
walking paths. It highlights how data analytics can enhance
obstacle detection, route prediction, and adaptive notifications
in dynamic settings. The study emphasizes real-world
applicability, fine-tuning algorithms to reduce false positives
and improve mobility confidence.
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III. PROPOSED METHOD

The proposed methodology introduces an intelligent shoe-
based navigation system aimed at improving safe and
independent mobility for visually impaired individuals. The
system is designed as a wearable assistive solution, where
sensing, processing, and feedback components are seamlessly
integrated into footwear to enable hands-free operation and
user comfort during daily activities. By embedding the
navigation assistance directly into shoes, the system aligns
naturally with human movement and minimizes the physical
and cognitive burden on the user.

The methodology is based on a multi-sensor obstacle detection
technique that combines ultrasonic and infrared sensing
technologies to enhance environmental awareness. Ultrasonic
sensors continuously emit high-frequency sound waves and
calculate the distance to nearby objects by measuring the echo
return time, making them effective for detecting obstacles at
medium to long ranges. Infrared sensors complement this by
identifying objects and surface variations at closer distances,
thereby improving detection accuracy and reducing blind spots.
The fusion of data from both sensors allows the system to
handle dynamic and complex environments more reliably than
single-sensor approaches.

A microcontroller unit serves as the core processing element,
responsible for collecting sensor data, filtering noise, and
evaluating obstacle proximity using predefined threshold
values. The system categorizes detected obstacles into different
distance levels, enabling appropriate responses based on the
severity of the potential hazard. Once an obstacle is identified,
the system generates immediate feedback through vibration
motors and audio alerts. Vibration intensity varies according to
obstacle distance, while audio cues provide additional
directional or warning information, ensuring intuitive and rapid
user response without relying on visual input.

The navigation algorithm operates continuously in real time,
allowing the system to adapt to changing surroundings. In
addition to obstacle detection, the methodology supports
optional modules such as GPS and wireless communication for
enhanced outdoor navigation and emergency assistance. When
enabled, the GPS module tracks the user’s location and can
transmit coordinates to predefined contacts in critical
situations, further improving safety and reliability.

Overall, the proposed methodology combines efficient sensing
techniques, real-time processing, and intuitive feedback
mechanisms to deliver a low-cost, energy-efficient, and user-
friendly navigation aid. By emphasizing wearable comfort,

reliable obstacle detection, and adaptive feedback, the
intelligent shoe system enhances mobility, independence, and
confidence for visually impaired individuals, making it suitable
for practical, everyday use.

The intelligent shoe system for blind navigation is composed of
several tightly integrated modules that work together to provide
real-time environmental awareness and safe mobility
assistance. The sensing module forms the foundation of the
system and is responsible for detecting obstacles and surface
variations around the user. Ultrasonic sensors are used to
measure the distance to obstacles by emitting sound waves and
analyzing the time taken for echoes to return, allowing reliable
detection of objects ahead of the user. Infrared sensors
complement this function by identifying nearby objects and
uneven surfaces at shorter ranges, ensuring improved accuracy
in confined spaces and reducing the chances of missing low-
lying or sudden obstacles.

The processing module acts as the control center of the system.
A compact microcontroller continuously receives data from the
sensing units, filters noise, and evaluates distance values
against predefined safety thresholds. Based on this analysis, the
controller determines the presence, proximity, and urgency of
obstacles in the user’s path. The processing module is designed
to operate in real time, enabling quick decision-making even in
dynamic environments such as crowded streets or indoor
corridors. Efficient power management strategies are also
implemented at this stage to ensure long operational time
without frequent recharging.
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Figure.1.System Architecture
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The feedback module provides intuitive alerts to the user
without requiring visual attention. This module includes
vibration motors and optional audio output devices such as
buzzers or earphones. The vibration intensity increases as
obstacles get closer, allowing the user to intuitively judge
distance and respond appropriately. Audio cues provide
supplementary warnings or directional guidance when needed,
ensuring redundancy and improved usability. This multimodal
feedback approach enhances user confidence and reduces
reaction time.

The power and communication module supports continuous
system operation and optional connectivity features. A
lightweight rechargeable battery supplies power to all
components, while voltage regulation ensures stable
performance. When enabled, wireless communication modules
and GPS allow location tracking and emergency alerts to
predefined contacts, enhancing user safety during outdoor
navigation. Together, these modules form a compact, wearable,
and reliable assistive system that seamlessly integrates sensing,
processing, and feedback to support independent mobility for
visually impaired individuals.

The distance to an obstacle is calculated using the time-of-flight
principle of ultrasonic sensing, expressed as

vxt
2

D=

where Drepresents the distance between the user and the
obstacle, vis the speed of sound in air (approximately 343 m/s
at room temperature), and tis the time taken for the ultrasonic
pulse to travel to the obstacle and return as an echo. The
division by two accounts for the round-trip travel of the sound
wave. This formula enables the system to accurately estimate
obstacle proximity in real time, allowing the controller to
trigger appropriate vibration or audio feedback based on
predefined safety thresholds.

The vibration intensity used to alert the user is determined
based on the detected obstacle distance and is given by

bt (i 2)

where 1 vdenotes the vibration intensity, I maxis the
maximum vibration level, Dis the measured distance to the
obstacle, and D _maxis the maximum sensing range of the
system. As the obstacle moves closer, the vibration intensity

D
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increases proportionally, providing intuitive tactile feedback.
This mapping allows visually impaired users to estimate
obstacle proximity without visual cues, enabling faster reaction
and safer navigation in dynamic environments.

Overall Working Flow of the Proposed System:

The operational sequence of the proposed intelligent footwear
platform for vision-impaired wayfinding commences with
system activation, during which all hardware elements
including detection modules, processing circuitry, response
units, and energy supply components are brought online.
Following power-up, the platform transitions into persistent
surveillance mode to facilitate continuous navigation support.
The detection phase initiates with ultrasonic and infrared
sensing modules, which perpetually examine the surrounding
environment to identify obstructions, terrain variations, and
proximate entities. Ultrasonic modules quantify the separation
distance of forward obstacles, while infrared sensors recognize
short-range objects and elevation changes in ground surfaces,
thereby ensuring thorough coverage of the user's trajectory.

Acquired sensor information is relayed to the microprocessor,
functioning as the core computational hub of the platform.
During this phase, unprocessed sensor signals undergo filtering
to ecliminate interference and anomalies introduced by
environmental conditions. The processor subsequently
evaluates the refined distance measurements against
predetermined safety parameters to ascertain the hazard level
associated with each identified obstruction. Through this
evaluation, obstacles receive categorization into classifications
such as safe, cautionary, or hazardous, facilitating appropriate
and prompt responses.

Upon completion of obstacle categorization, the platform
engages the notification mechanism. Vibration actuators
integrated within the footwear produce tactile warnings with
variable intensity proportional to obstacle proximity. Nearer
obstructions generate more pronounced vibrations, enabling
users to instinctively assess distance. Concurrently,
supplementary acoustic notifications may activate to deliver
additional warnings or orientation guidance, augmenting user
perception without sensory overload. This multi-sensory
notification approach ensures rapid comprehension and
response even within intricate or congested settings.
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Figure.2.Methodology workflow of the Wearable Smart Shoe
for Obstacle Detection and Blind Navigation

When enhanced capabilities are activated, the platform
additionally incorporates position monitoring and connectivity
functions. Satellite positioning systems continuously track the
user's coordinates during outdoor movement, while wireless
transmission modules can relay location information or distress
signals to designated recipients during critical circumstances.
Throughout operation, the energy regulation subsystem
manages power utilization to guarantee optimal and sustained
functionality. The complete cycle repeats perpetually in
continuous iteration, enabling responsive, real-time wayfinding
assistance that strengthens safety, autonomy, and assurance for
vision-impaired individuals.

IV. RESULTS AND DISCUSSION

The experimental evaluation of the intelligent shoe—based
navigation system confirms its capability to deliver dependable
obstacle detection and timely feedback for visually impaired
users in real-world conditions. The system was assessed in
varied indoor and outdoor environments, including hallways,
open areas, and semi-crowded locations, to ensure realistic

performance validation. The combined use of ultrasonic and
infrared sensors produced consistent and accurate detection
results, highlighting the effectiveness of a multi-sensor
approach in enhancing environmental perception.

The test outcomes indicate that obstacles within a distance
range of 20 cm to 300 cm were detected with high reliability,
achieving an overall accuracy of approximately 95% under
standard operating conditions. Ultrasonic sensors showed
strong performance in identifying obstacles at medium and
longer distances, while infrared sensors significantly improved
close-range detection and recognition of low-height objects.
This complementary sensing strategy minimized missed
detections and reduced false alerts, particularly on uneven
surfaces and near-floor obstacles, which are critical challenges
in blind navigation.

User feedback during trials demonstrated that the tactile alert
mechanism was highly intuitive. Variations in vibration
intensity effectively conveyed obstacle proximity, enabling
users to respond more quickly and avoid collisions. As users
became familiar with the feedback patterns, their reaction time
improved noticeably. Optional audio alerts further enhanced
situational awareness by providing additional cues without
overwhelming the user, resulting in a balanced and user-
friendly interface.

From an energy efficiency perspective, the system exhibited
stable operation over extended periods on a single battery
charge. The low-power characteristics of the sensing and
processing units contributed to prolonged usage, supporting
daily mobility needs. When enabled, the GPS and wireless
communication features performed reliably in outdoor
scenarios, ensuring accurate location tracking and effective
emergency alert transmission.

Overall, the results demonstrate that integrating navigation
assistance into wearable footwear is a practical and impactful
solution. Compared to conventional aids such as white canes,
the proposed system offers extended detection range, faster
response, and richer feedback. Although environmental factors
such as extreme weather may influence sensor behavior, these
limitations can be addressed through further optimization. The
findings strongly support the system’s potential to improve
independence, safety, and confidence for visually impaired
individuals.
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for Safe Navigation of Blind Users

V. FUTURE WORK

Future enhancements to the intelligent shoe navigation system
can aim at improving intelligence, versatility, and overall user
interaction. A key area of development involves incorporating
machine learning techniques to enable adaptive obstacle
detection and personalized navigation support. By analyzing
user behavior and environmental patterns, the system can
automatically refine detection thresholds and feedback
responses, ensuring reliable performance across diverse and
dynamic settings.

The system can also be expanded by integrating advanced
sensing technologies such as vision sensors or LiDAR to
support object classification and terrain recognition. This
would help distinguish between stationary and moving
obstacles, identify stairs or slopes, and offer more informative
guidance. Improvements in power management, including low-
energy processing and energy-harvesting methods like motion-
based charging, could further extend battery life and reduce
dependency on frequent recharging.

Additionally, tighter integration with mobile devices and cloud
services can enable features such as voice-guided navigation,
real-time route assistance, and remote safety monitoring.
Allowing users to customize alert modes and sensitivity levels
would enhance comfort and accessibility. These future
developments will transform the intelligent shoe system into a
more adaptive, scalable, and user-centric mobility aid, offering
greater independence and safety for visually impaired
individuals.
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