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ABSTRACT -

Smart shoes for blind people using ultrasonic sensors and
voice guidance are an innovative assistive technology
designed to enhance independent mobility and safety for
visually impaired individuals. The system integrates
ultrasonic sensors into footwear to continuously detect
obstacles in the user’s path. These sensors measure the
distance between the shoe and surrounding objects by
emitting ultrasonic waves and analyzing the reflected
signals. When an obstacle is detected within a predefined
range, the system processes the data wusing a
microcontroller and determines the appropriate alert to
provide to the user.

The proposed system incorporates a voice guidance
module to deliver real-time audio feedback, enabling users
to understand the position and proximity of obstacles.
Unlike traditional white canes that detect objects only
through physical contact, smart shoes can identify
obstacles at different heights and distances before
collision. The voice alerts may indicate directions such as
“obstacle ahead,” “object on the left,” or “step up,” thereby
improving navigation efficiency and reducing the risk of

accidents. The compact design ensures that all electronic

components, including the microcontroller, battery, and
sensors, are embedded comfortably within the shoe
without affecting normal walking. Overall, smart shoes
with ultrasonic sensing and voice assistance provide a
cost-effective, portable, and user- friendly solution for
visually impaired individuals. The system enhance spatial
awareness, promotes confidence in independent travel, and
reduces reliance on external support. With further
development, features such as GPS tracking, emergency
alerts, and smartphone integration can be added, making
the device even more intelligent and practical for real-
world applications.
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1.INTRODUCTION

Visually impaired individuals face significant challenges
in navigating their surroundings safely and independently.
Everyday tasks such as walking on roads, avoiding
obstacles, or identifying pathways become difficult
without proper assistance. Traditional mobility aids like
white canes provide limited support, as they can only
detect obstacles within a short range and require physical
contact.
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With advancements in embedded systems and sensor
technologies, smarter assistive solutions can be developed
to enhance mobility and safety. The proposed system,
Smart Shoes for Blind People Using Ultrasonic Sensor and
Voice Guidance, aims to provide an efficient, user-friendly,
and cost-effective solution to overcome these limitations.

This system integrates ultrasonic sensors to detect
obstacles in real time by measuring the distance between
the user and nearby objects. When an obstacle is detected
within a predefined range, the system processes this
information and provides immediate feedback through
voice guidance. This allows the user to take necessary
actions such as stopping, turning, or changing direction
without relying solely on physical contact.

The smart shoes are designed to be wearable, portable, and
easy to use, making them a practical assistive device for
daily life. By combining sensing technology with audio
feedback, the system enhances spatial awareness and helps
visually impaired individuals navigate more confidently

and independently.

Fig no: 1 prototype setup

Overall, this project demonstrates how modern IoT and
embedded technologies can be utilized to improve the
quality of life for differently-abled individuals by offering
a safer and smarter mobility solution.

2.PROBLEM IDENTIFICATION

Visually impaired individuals encounter significant
difficulties in navigating their surroundings independently
and safely. They often rely on traditional aids such as white
canes or assistance from others, which have several
limitations. White canes can only detect obstacles upon
physical contact and within a limited range, making it
difficult to identify hazards like holes, elevated objects, or
fast-approaching obstacles in advance.

In crowded or dynamic environments, such as roads,
public places, and unfamiliar areas, these limitations
increase the risk of accidents and reduce the confidence
and mobility of wvisually impaired individuals.
Additionally, existing assistive technologies may be
expensive, bulky, or not user-friendly, making them
inaccessible for many users.

Therefore, there is a need for a smart, cost-effective, and
reliable assistive system that can detect obstacles in real
time without physical contact and provide immediate
feedback to the user. The system should be wearable, easy
to use, and capable of guiding the user through voice
instructions to enhance safety, independence, and mobility.

The problem addressed in this project is the design and
development of smart shoes equipped with ultrasonic
sensors and voice guidance that can accurately detect
obstacles and alert visually impaired users, thereby helping
them navigate their environment more safely and
efficiently.

3.Literature Survey

3.1 Introduction —assistive wearables and the

research landscape

Wearable assistive technology for visually impaired users
has matured from concept demonstrations into a broad
field of applied research and low-cost products. Early
commercially visible efforts (e.g., vibration-based
navigation insoles) demonstrated the viability of
embedding guidance cues into footwear and established
key design goals: unobtrusiveness, hands-free operation,
intuitive feedback and low power consumption. The
Lechal smart-shoe (commercialized 2014) highlighted that
tactile cues delivered through the shoe could be used as
effective turn-by-turn navigation guidance when paired
with a smartphone, and inspired later academic and
prototype work that expands functionality toward obstacle
detection and direct environment sensing. Academic and
engineering work since then has concentrated on two broad
approaches: (a) sensorized footwear that directly senses
the nearby environment (e.g., ultrasonic, infrared, depth or
pressure sensors) to detect obstacles and hazards, and (b)
connected  footwear that relies on  external
positioning/processing (smartphone, cloud) to provide
higher-level navigation. The smart shoe concept examined
in this project falls mainly into the first class, with
ultrasonics used for short-range obstacle detection and an
on-board or paired voice subsystem for immediate user
feedback. Multiple recent prototypes and journal papers
validate this approach as practical for day-to-day mobility

assistance.
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3.2 Ultrasonic sensing for obstacle detection —

principles and advantages

Ultrasonic distance sensors (time-of-flight of a sound
pulse) are widely used in robotic and wearable obstacle
detection because they are inexpensive, robust in varied
lighting, and tolerate surface color/texture variability
better than many optical sensors. Several surveys and
system papers highlight ultrasonic sensors as a preferred
low-cost option for shoe-mounted systems aimed at
outdoors/indoor environments: ultrasonics can reliably
detect objects such as walls, parked vehicles, poles and
steps within a typical operating band of a few centimeters
to several meters, with useful resolution for human
navigation decisions. Importantly, ultrasonics do not rely
on ambient light and are less affected by transparent or
low-contrast obstacles than infrared 15 solutions, which
makes them well-suited to the real-world conditions faced
by visually impaired users. Many prototype designs use
multiple ultrasonic units (front, left, right) to provide
directional detection and coarse localization of obstacles.
Studies show that multi-sensor layouts reduce false alarms
(single-sensor occlusion) and enable simple rule-based
direction cues (“obstacle on left — turn right”) without
heavy processing. However, practical issues such as sensor
mounting angle, ground reflections, and the influence of
the user’s gait have been repeatedly noted as factors that
must be addressed in sensor placement and signal

processing.

3.3 Feedback modalities — voice guidance vs.

haptics

Feedback modality is central to usability. The literature
identifies three common feedback channels for shoe-based
aids: audio/voice, vibration/haptics, and simple beeps.
Voice guidance (pre-recorded messages or text-to-speech)
is highly informative and easy to interpret, particularly for
non-technical users, because it can convey semantic
instructions (“Obstacle ahead”, “Turn left”, “Low
battery”) rather than abstract signals. Multiple recent
implementations therefore pair ultrasonics with an audio
output module (on-board speaker or Bluetooth earphones)
for clear, human-readable cues. Voice systems are slightly
more power- and hardware-intensive than vibration, but
they reduce cognitive load and learning time for users who

may have difficulty mapping vibratory patterns to actions.

Haptic feedback (vibration motors embedded in left/right
insole) remains attractive when audio privacy or
environmental noise is a concern. Hybrid designs — voice
for important environmental warnings and vibration for
directional nudges — are common in the literature as a
practical compromise. Researchers also stress the need for
adjustable feedback intensity and simple user controls so
that the system can be personalized to hearing ability,

social context, and preference.

3.4 System architectures and common

components

A review of recent papers shows a fairly consistent
hardware architecture for smart shoes: a microcontroller
(Arduino, ESP32, Raspberry Pi Pico) interfaces with one
or more ultrasonic transceivers, power management
(rechargeable Li-ion/Li-Po), and an output module
(ISD1820/MP3 module or Bluetooth audio). Many
implementations add auxiliary sensors — water detectors
(for  puddles), flame sensors, step counters
(accelerometer/pedometer) and simple GPS or Bluetooth
for route guidance. IoT-enabled projects extend
functionality to cloud 16 logging, remote monitoring or
integration with smartphone apps (route marking, fall
alerts). These architectures emphasize modularity (sensor
modules that can be added or removed) and low cost to

maximize accessibility.
4. Existing System

To understand the necessity of the proposed solution, it is
essential to evaluate existing systems and identify their

limitations.
White Cane

* Most widely used device.

* Detects only ground-level obstacles.

* Ineffective for overhead or distant objects.
* Requires constant physical sweeping.

* Provides no information about surrounding environment
until contact occurs.

Limitation: Does not offer early warning or detailed
feedback

Guide Dogs

* Highly effective for navigation.
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* Provide intelligent guidance.
* Offer emotional support.

Limitation: Extremely costly, require training,
maintenance, and not accessible for everyone.

Smart Sticks / Electronic Canes

» Some include ultrasonic sensors or vibration alerts.

« Offer better detection range compared to normal canes.
Limitation:

* Often bulky and difficult to carry.

¢ Alert mechanism (vibration/beeps) may be confusing.

* Hands are still occupied; the user cannot carry other
items.

Mobile Apps / GPS Navigation Tools

* Provide maps and route information.

* Useful for outdoor navigation.
Limitation:

* Cannot detect physical obstacles.

* Require internet and smartphone literacy.
* Not suitable for indoor environments.
Wearable Navigation Aids

Devices such as smart belts, smart helmets, and haptic
gloves exist.

Limitation:

* Not socially acceptable to many users. * May cause
discomfort when worn for long hours. ¢ Expensive and
complex.

5.SYSTEM ARCHITECTURE AND DESIGN

5.1 Overall Architecture
The system architecture consists of four major modules:

1. Ultrasonic Sensing Module — Detects the
presence and distance of obstacles.

2. Microcontroller Processing Unit — Reads
sensor inputs and processes distance data.

3. Voice-Guidance Output System — Provides
real-time audio instructions to the user.

4. Power Management Module — Supplies
regulated power to all components.
These modules communicate in a coordinated
manner to ensure smooth obstacle detection and

timely audio feedback

5.2Detailed Methodology
Requirement Analysis

The first stage involved analyzing the physical and
cognitive needs of visually impaired users. Various
factors such as walking patterns, obstacle types, ground
textures, and environmental noise conditions were
studied. The primary requirement identified was a hands-
free, lightweight device that provides real-time obstacle

alerts using audio instructions.

Surveys with disabled-aid centers and secondary research
helped identify ideal detection range (20—150 cm),
comfortable placement of sensors (shoe toe area), and
suitable audio formats (pre-recorded messages).

Design of Sensing Module

The ultrasonic sensor plays the key role in detecting
obstacles. The HC-SR04 sensor was selected due to its
accuracy, low cost, and easy integration.

Steps:

1. Placing the sensor at the front of the shoe for straight-
path detection.

2. Defining sensing angles and positioning to avoid

false readings from the ground.

3. Setting threshold distances (e.g., 40 cm) for
triggering warnings.

4. Testing detection performance on different surfaces

such as concrete, walls, cloth, and metal.

The sensor continuously emits ultrasonic waves and
receives reflected signals, converting time- of-flight data
to distance. The microcontroller then interprets this data.
The microcontroller firmware follows this algorithm:

1. Trigger the ultrasonic sensor at set intervals.

2. Measure the echo return duration.

3. Convert raw data into distance values.

4. Compare measured distance with the threshold.

5. If obstacle detected — trigger a voice message.

6. Loop and continue monitoring in real time.

A filtering algorithm removes noise and inconsistent
readings.

Voice Guidance System Development
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The audio output system is responsible for delivering
clear voice alerts. Two approaches were evaluated:
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6.EXPERIMENTAL SETUP AND RESULTS

6.1 Experimental Results

the system can effectively detect obstacles within a range
of approximately 20 cm to 300 cm with an accuracy of
about 95-100% at close distances and slightly lower
accuracy at longer ranges, while maintaining a fast
response time of less than one second for real-time
feedback; the voice guidance system provided clear and
understandable alerts that enabled users to identify and
avoid obstacles efficiently during both indoor and outdoor
testing, improving their confidence and mobility, although
minor limitations were observed in detecting very small or
transparent objects and slight performance variation in
complex environments, overall demonstrating that the
system is reliable, responsive, and suitable as a low-cost

assistive solution for visually impaired individuals.
6.2 Object Detection Results

the system successfully detects obstacles and
provides real-time feedback to the user. In this case,
the sensor measured an object at a distance of 76 cm,
which indicates that the path ahead is clear and safe
for movement, as reflected by the “SAFE” status
displayed. Additionally, the integration of GPS
provides location information (latitude 17.19 and
longitude 78.18), enhancing navigation and safety.

Overall, the system effectively combines obstacle

detection and location tracking to assist visually

impaired users in moving safely and independently.
When object detected

the system accurately detects nearby obstacles and
alerts the user effectively. In this case, the sensor
measured a very close distance of 6 cm, which
signifies the presence of an immediate obstacle, and
the system correctly responded by displaying the
status  “OBJECT DETECTED.” The GPS
coordinates (latitude 17.19 and longitude 78.18)
provide the user’s location, enhancing navigation
support. This demonstrates that the system works
efficiently in identifying hazards at close range and
ensures user safety through timely alerts and location

tracking.

Ultrasonic Object
Detection

Distance

76 cm

GPS

Lat: 17.19, Lon: 78.18

Status

SAFE

Fig n0:6.2 Object not detected
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Ultrasonic Object
Detection

Distance

6 cm

GPsS

Lat: 17.19, Lon: 78.18

Status

OBJECT
DETECTED

Fig no:6.2 Object detected

6.4 Discussion

The integration of the ultrasonic sensor with the
microcontroller (ESP32) plays a crucial role in
processing distance measurements and triggering output
actions such as voice guidance or alerts. The sensor
works on the principle of sound wave reflection, where
the time taken for the echo to return is used to calculate
the distance. The ESP32 efficiently processes this data
and determines whether the path is safe or obstructed.
The inclusion of a voice output system (such as a speaker
module) enhances usability, as it provides intuitive

guidance to the user without requiring visual interaction.

Additionally, the incorporation of GPS functionality
adds another layer of safety and navigation support. By
providing real-time location coordinates (latitude and
longitude), the system allows users or caregivers to track
the wearer’s position. This feature is particularly useful
in emergency situations or unfamiliar environments,
improving overall confidence and independence for

visually impaired users.

6.5 Future Scope

The Smart Shoes for Blind People Using Ultrasonic Sensor
and Voice Guidance system has significant potential for
future  improvements and enhancements. With
advancements in technology, the system can be further
developed to provide more accurate, intelligent, and user-
friendly assistance for visually impaired individuals.
Future enhancements can focus on improving
performance, adding new features, and increasing overall

reliability.

One of the major areas of improvement is the integration
of advanced sensors and technologies such as cameras and
image processing. By incorporating computer vision and
artificial intelligence, the system can not only detect
obstacles but also identify objects, recognize faces, read
text, and understand the environment more effectively.
This would provide more detailed and meaningful

guidance to the user.

Another important future scope is the use of machine
learning algorithms to make the system adaptive and
intelligent. The device can learn from user behavior and
environmental conditions to provide personalized alerts
and improve decision-making over time. This can enhance

the accuracy of obstacle detection and reduce false alerts.

The system can also be improved by enhancing navigation
capabilities. Integration with -mobile applications and
mapping services can provide turn-by-turn navigation
through voice guidance. This would help users reach
specific destinations more easily, making the system more

useful for outdoor travel.

Another area of development is improving communication
and connectivity. The system can be integrated with IoT
platforms and mobile networks to provide real-time alerts,
emergency notifications, and health monitoring features.
For example, an emergency button can be added to send
the user’s location instantly to caregivers during critical

situations.

Overall, the future scope of this project lies in transforming
it into a more intelligent, connected, and versatile assistive
device. With continuous improvements, the smart shoes
can become a comprehensive mobility solution that

significantly enhances the independence, safety, and

quality of life for visually impaired individuals.
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7 CONCLUSION

The Smart Shoes for Blind People Using Ultrasonic Sensor
and Voice Guidance system is an innovative and practical
solution designed to assist visually impaired individuals in
navigating their surroundings safely and independently. By
integrating modern technologies such as ultrasonic
sensors, ESP32 microcontroller, vibration motors, voice
modules, and GPS tracking, the system provides real-time
obstacle detection along with effective feedback

mechanisms.

The project successfully demonstrates how obstacles can
be detected without physical contact and how immediate
alerts can be delivered through both vibration and voice
guidance. This dual-feedback approach enhances the
user’s awareness and allows quick decision-making,
thereby reducing the risk of accidents. The addition of GPS
and cloud connectivity further improves the system by
enabling location tracking and ensuring user safety in

emergency situations.

The design of the smart shoes as a wearable device makes
the system convenient, portable, and easy to use in daily
life. It eliminates the need for carrying additional
equipment and provides a more natural and comfortable
user experience. The use of cost-effective and energy-
efficient components ensures that the system remains

accessible and practical for widespread use.

Although the system has certain limitations, such as sensor
range constraints and reduced GPS performance in indoor
environments, it still provides a reliable and effective
solution for obstacle detection and navigation assistance.
These limitations can be addressed in future developments

by integrating advanced technologies like artificial

intelligence and improved sensing mechanisms.

In conclusion, the proposed smart shoe system
significantly enhances the mobility, safety, and
independence of visually impaired individuals. It reflects
the potential of embedded systems and IoT technologies in
developing meaningful assistive devices that improve the
quality of life. With further advancements, this system can
evolve into a more intelligent and comprehensive solution

for real-world applications.
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