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ABSTRACT

Visually impaired individuals often face difficulties in
navigating their surroundings safely and identifying people in
their environment. Traditional mobility aids such as walking
sticks provide limited assistance and cannot offer advanced
environmental awareness. To address these limitations, this
paper presents the design and implementation of a Smart Shoe
with Human Identification and Obstacle Detection with Voice
Output. The proposed system integrates ultrasonic sensors, a
NodeMCU microcontroller, and a camera-based human
identification module to assist visually impaired users in real-
time navigation. The ultrasonic sensors continuously monitor
the surroundings and detect obstacles from different
directions. When an obstacle is detected within a predefined
distance, the microcontroller processes the sensor data and
generates a voice alert through a headset to inform the user
about the obstacle direction. In addition to obstacle detection,
the system incorporates a human identification module using
a webcam and computer vision techniques. The captured
images are processed using Python and OpenCV libraries to
detect and recognize faces from a stored database. Once a
person is identified, the system generates a corresponding
voice message to notify the user about the detected individual.
The proposed system focuses on simplicity, portability, and
real-time operation, combining embedded sensing technology
with computer vision and voice output mechanisms. The
developed prototype demonstrates an effective assistive
navigation solution that enhances safety, independence, and
social interaction for visually impaired individuals.
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INTRODUCTION

Communication and safe navigation are essential
aspects of daily life. However, visually impaired
individuals often face significant challenges while
moving independently in unfamiliar environments.
Traditional mobility aids such as walking sticks help
detect obstacles on the ground, but they provide only
limited information about the surrounding
environment. These limitations may increase the risk of
accidents and reduce the confidence of visually

impaired users while traveling.

With the rapid development of embedded systems,
sensors, and assistive technologies, several innovative
solutions have been developed to support visually
impaired individuals. Technologies such as ultrasonic
sensors, computer vision, and voice output systems can
be integrated into wearable devices to provide real-time
environmental awareness. These smart assistive
systems can detect obstacles, analyse surroundings,
and provide audio guidance to help users navigate
safely.

Obstacle detection is an important feature in assistive
navigation systems. Ultrasonic sensors are widely used
for this purpose because they can measure the distance
between objects and the user by transmitting and
receiving ultrasonic sound waves. By processing the
distance data through a microcontroller, the system can
identify obstacles and alert the user through audio
signals. This method provides a reliable and low-cost
solution for real-time obstacle detection.

In addition to navigation assistance, identifying nearby
people is also an important aspect of social interaction
for visually impaired individuals. Computer vision
technologies and face recognition algorithms can be
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used to identify individuals using a camera. By
analysing facial features captured by a webcam and
comparing them with stored images in a database, the
system can recognize known individuals and inform
the user through voice output.

This paper presents the design and implementation of a
Smart Shoe with Human Identification and Obstacle
Detection with Voice Output. The proposed system
integrates  ultrasonic  sensors, a NodeMCU
microcontroller, and a camera-based face recognition
module to provide real-time navigation assistance and
human identification. By combining sensor-based
obstacle detection with computer vision and voice
guidance, the system aims to improve safety,
independence, and mobility for visually impaired
users.

PROBLEM DEFINITION AND SOLUTION
A. Existing System

At present, visually impaired individuals mainly
depend on traditional mobility aids such as white canes
or guide dogs for navigation. While these tools help
detect obstacles on the ground, they provide limited
information about the surrounding environment. The
white cane can only detect objects that are directly in
contact with it, making it difficult for users to identify
obstacles at a distance or at different heights.

Several modern assistive technologies have been
developed to improve mobility for visually impaired
individuals. Some systems use camera-based object
detection, wearable sensors, and smartphone
applications to provide navigation support. However,
many of these systems require complex hardware, high
computational power, and continuous internet
connectivity. This increases the cost of the device and
makes it difficult to implement as a compact wearable
system.

In addition, many existing assistive devices focus only
on obstacle detection and do not provide information
about nearby people. As a result, visually impaired
individuals may face difficulties in recognizing and
identifying people around them during social
interactions. Therefore, there is a need for a simple,
portable, and cost-effective assistive device that can
detect obstacles and also identify nearby individuals
while providing clear voice guidance.

B. Problem Definition

* Traditional mobility aids such as white canes
provide limited environmental awareness

* Many assistive navigation systems are expensive and
require complex hardware

* Existing devices often focus only on obstacle
detection and lack human identification capability

» Some systems require high computational power and
internet connectivity

* Lack of compact, wearable, and real-time assistive
navigation devices for visually impaired individuals

C. Proposed Method

The proposed system is based on an embedded
assistive navigation device integrated into a smart shoe
designed to help visually impaired individuals move
safely and independently. The system is implemented
using a NodeMCU microcontroller programmed
through embedded software to process sensor data and
control the output devices.

Ultrasonic sensors are used to detect obstacles around
the user. These sensors transmit ultrasonic waves and
measure the time taken for the reflected signal to return,
which helps determine the distance between the user
and nearby objects. The NodeMCU microcontroller
processes the sensor data and compares it with
predefined distance thresholds to identify potential
obstacles.

When an obstacle is detected within the predefined safe
distance, the system generates a voice alert through a
headset or speaker, informing the user about the
obstacle and its direction. This real-time audio
guidance helps the user take necessary actions to avoid
collisions while walking.

In addition to obstacle detection, the system also
includes a human identification module using a
webcam and computer vision techniques. The captured
images are processed using Python and OpenCV
libraries to detect and recognize human faces. When a
known person is identified from the stored database,
the system generates a voice message to inform the user
about the identified individual.

As the demand for assistive technologies continues to
increase, the proposed system provides a simple, cost-
effective, and portable solution for visually impaired
individuals. By combining sensor-based obstacle
detection with camera-based human identification and

© 2026, IJSREM | https://ijsrem.com

DOI: 10.55041/I]SREM58751 |  Page?2


https://ijsrem.com/

Volume: 10 Issue: 03 | March - 2026

International Journal of Scientific Research in Engineering and Management (IJSREM)

SJIF Rating: 8.659 ISSN: 2582-3930

voice guidance, the system enhances mobility, safety,
and social interaction.

Therefore, this work presents a smart shoe system that
integrates sensing, processing, and voice output
mechanisms to provide real-time navigation assistance
and human identification for visually impaired users.
The proposed system can be used in everyday
environments to improve independence and quality of
life.

BLOCK DIAGRAM AND ITS DESCRIPTION

Power Supply

Ultrasonic Sensar 1

Ultrasanic Sensor 2

Ultrasanic Sensor 3 NODE MCU

Voice module

Ultrasonee Sensor 4

| Laptop H Camera ]—‘

The above Figure illustrates the block diagram of the
Smart Shoe with Human Identification and Obstacle
Detection with Voice Output system. The system is
designed to assist visually impaired individuals by
detecting obstacles, identifying nearby people, and
providing voice alerts for safe navigation. The entire
system operates automatically once the power supply
is provided, enabling real-time assistance to the user.

The main component of the system is the NodeMCU
microcontroller, which acts as the central processing
unit. All input devices such as ultrasonic sensors and
the camera module send data to the NodeMCU for
processing. The microcontroller analyses the received
information and generates appropriate outputs such as
voice alerts and buzzer notifications.

The system uses four ultrasonic sensors placed around
the shoe to detect obstacles from different directions.
These sensors continuously transmit ultrasonic waves
and measure the time taken for the reflected signals to
return after hitting an object. Based on this time
calculation, the distance between the user and the
obstacle is determined. The distance data is sent to the
NodeMCU, which compares it with predefined
threshold values. If an obstacle is detected within the
safe distance, the system immediately generates an
alert.

A buzzer is connected to the NodeMCU to provide
instant warning signals when an obstacle is detected.
This sound alert helps the user become aware of nearby
obstacles quickly. In addition to the buzzer, a voice
module is used to generate clear audio instructions
through a headset or speaker, informing the user about
the direction or presence of obstacles.

The system also includes a camera connected to a
laptop, which is used for human identification. The
camera captures images of people in front of the user,
and the laptop processes these images using computer
vision techniques and face recognition algorithms. By
comparing the captured images with a stored database,
the system can identify known individuals. Once a
person is recognized, the system generates a voice
message to inform the visually impaired user about the
identified individual.

An IoT module integrated with the NodeMCU allows
the system to transmit data and monitor the device
remotely if required. This feature can be used for
tracking system status, updating data, or integrating
with other smart applications.

The power supply unit provides regulated voltage to all
components of the system, ensuring stable and
continuous operation. Proper power regulation is
important for maintaining sensor accuracy and reliable
performance of the microcontroller and output devices.

Overall, the block diagram represents a smart assistive
system that integrates sensing, processing, and output
modules to provide real-time navigation assistance and
human identification. The combination of ultrasonic
sensors, computer vision, and voice feedback helps
improve safety, independence, and mobility for
visually impaired individuals.

HARDWARE DESCRIPTION

The hardware design of the proposed Smart Shoe with
Human Identification and Obstacle Detection with
Voice Output system consists of several components
such as ultrasonic sensors, a NodeMCU
microcontroller, a buzzer, a voice module, a camera, a
laptop, and a regulated power supply. These
components work together to detect obstacles, identify
nearby people, and provide voice alerts to assist
visually impaired users during navigation.
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A. NodeMCU Microcontroller

The NodeMCU microcontroller is the main processing
unit of the system. It is based on the ESP8266 Wi-Fi
module and is responsible for controlling all hardware
components. The NodeMCU receives input signals
from the ultrasonic sensors and processes the distance
data. Based on predefined threshold wvalues, the
microcontroller determines whether an obstacle is
present near the user. If an obstacle is detected, the
NodeMCU activates the buzzer and voice module to
generate alert messages. The microcontroller also
supports [oT communication for monitoring and future
system expansion.

B. Ultrasonic Sensors

Ultrasonic sensors are used for obstacle detection in the
system. Four ultrasonic sensors are placed around the
shoe to monitor obstacles in different directions. These
sensors work by transmitting ultrasonic sound waves
and receiving the reflected waves after they hit an
object. The time taken for the echo to return is used to
calculate the distance between the object and the
sensor. This distance information is sent to the
NodeMCU for processing. When an obstacle is
detected within the predefined safe distance, the system
generates an alert to warn the user.

C. Camera Module

The camera module is used for human identification.
The camera captures images of people present in front
of the user. These images are sent to the laptop for
further processing. The camera plays an important role
in enabling face detection and recognition in the
system. By continuously capturing images, the system
can analyse the surroundings and identify known
individuals.

D. Laptop

A laptop is used to process the captured images for
human identification. The laptop runs computer vision
algorithms using programming languages such as
Python and libraries like OpenCV. The captured images
are analysed and compared with stored images in the
database to identify known individuals. Once a person
is recognized, the system generates a corresponding
voice message to inform the user.

E. Voice Module

The voice module is responsible for generating audio
messages. It stores pre-recorded voice commands that

can be triggered by the NodeMCU. When an obstacle
is detected or a person is identified, the microcontroller
sends a signal to the voice module, which plays the
corresponding voice message through a headset or
speaker. This allows visually impaired users to receive
clear and understandable instructions.

F. Buzzer

The buzzer is used to provide immediate warning
sounds when an obstacle is detected. It is connected to
the NodeMCU and produces a beeping sound when
triggered by the microcontroller. The buzzer serves as
a quick alert mechanism, ensuring that the user
becomes aware of obstacles instantly.

G. Power Supply Unit

The power supply unit provides the required electrical
power to all hardware components in the system. A
regulated DC supply is used to ensure stable voltage for
the NodeMCU, sensors, and other modules. Proper
power regulation is important to maintain the accuracy
and reliability of the system during continuous
operation.

RESULT AND DISCUSSION

The proposed Smart Shoe with Human Identification
and Obstacle Detection with Voice Output system was
experimentally tested under indoor conditions to
evaluate its performance in assisting visually impaired
users during navigation. The evaluation focused on
three main aspects: obstacle detection accuracy, human
identification performance, and voice alert response.

A. Obstacle Detection Performance

The ultrasonic sensors were tested to evaluate their
ability to detect obstacles at different distances. Each
sensor was calibrated to establish a safe threshold
distance for obstacle detection. Experimental
observations showed that the ultrasonic sensors
accurately measured the distance between the user and
nearby objects.

When an object entered the predefined threshold range,
the sensor transmitted the distance data to the
NodeMCU microcontroller. The controller
successfully identified the presence of an obstacle and
triggered the alert mechanism. Multiple tests were
conducted at different distances and angles, and the
sensors consistently detected obstacles with minimal
error.
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The results confirmed that the use of multiple
ultrasonic sensors improves the coverage area around
the user, allowing the system to detect obstacles from
different directions and provide reliable navigation
assistance.

B. Voice Alert Response

The voice alert system was tested to analyze how
quickly the system informs the user after detecting an
obstacle. When the NodeMCU received the sensor data
indicating an obstacle within the safe distance, it
activated the voice module to generate an audio
warning message.

The response time between obstacle detection and
voice output was observed to be within a few
milliseconds. The voice alerts were clear and easily
understandable through the connected headset or
speaker. This quick response ensures that the user
receives immediate feedback and can react quickly to
avoid collisions.

In addition to voice alerts, the buzzer was also activated
to provide an instant warning signal. The combination
of buzzer alerts and voice instructions improved the
overall reliability of the system.

C. Human Identification Performance

The human identification module was tested using a
webcam connected to a laptop running computer vision
algorithms. The camera captured images of individuals
standing in front of the user. These images were
processed using Python and OpenCYV libraries to detect
and recognize faces.

The system successfully compared the captured facial
images with the stored database and identified known
individuals. When a match was found, the system
generated a voice message informing the user about the
identified person. The face recognition process worked
efficiently under normal lighting conditions and
provided accurate identification results.

This feature helps visually impaired individuals
recognize familiar people during daily interactions,
improving their confidence and social communication.

D. System Stability and Reliability

During experimental testing, the stability of the entire
system was monitored while all components were
operating simultaneously. The NodeMCU
microcontroller, sensors, voice module, and buzzer

functioned continuously without system crashes or
interruptions.

The regulated power supply ensured stable voltage
levels for all components, preventing fluctuations that
could affect sensor readings or microcontroller
operation. The system operated reliably for extended
periods, demonstrating its suitability for real-time
assistive applications.

E. Overall System Evaluation

The experimental results confirm that the proposed
system:

a. Accurately detects obstacles using ultrasonic
Sensors.

b. Provides real-time voice alerts to assist visually
impaired users.
c. Successfully identifies known individuals using
camera-based machine learning model for the face
recognition.

d. Operates reliably with stable hardware and software
integration.

e. Improves safety, mobility, and social interaction for
visually impaired individuals.

CONCLUSION AND FUTURE SCOPE

A. Conclusion

This paper presented the design and implementation of
a Smart Shoe with Human Identification and Obstacle
Detection with Voice Output system to assist visually
impaired individuals during navigation. The proposed
system integrates ultrasonic sensors, a NodeMCU
microcontroller, a camera-based human identification
module, and a voice output system to provide real-time
environmental awareness and guidance.

The ultrasonic sensors continuously monitor the
surroundings and detect obstacles at different
directions and distances. The sensed distance data is
processed by the NodeMCU microcontroller, which
applies predefined threshold conditions to determine
the presence of obstacles. When an obstacle is detected
within the safe range, the system generates immediate
alerts through a buzzer and voice module, informing
the user about the obstacle and helping them avoid
potential collisions.

In addition to obstacle detection, the system
incorporates a human identification module using a
webcam and computer vision techniques. The captured
images are processed using Python and OpenCV
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libraries to detect and recognize faces from a stored
database. When a known individual is identified, the
system generates a corresponding voice message to
inform the visually impaired user. This feature
enhances social interaction and allows users to
recognize familiar people in their surroundings.
Experimental testing demonstrated that the ultrasonic
sensors accurately detect obstacles and provide reliable
distance measurements. The NodeMCU
microcontroller processes sensor data efficiently and
triggers alert mechanisms with minimal delay. The
voice output system successfully provides clear and
understandable audio guidance, enabling users to
receive instructions without visual assistance.

The overall system demonstrates low power
consumption, compact design, and reliable
performance, making it suitable for wearable assistive
applications. By integrating sensing, processing, and
voice feedback into a single embedded platform, the
proposed system provides a cost-effective and practical
solution for improving mobility and independence
among visually impaired individuals.

Therefore, the developed smart shoe system proves to
be an effective assistive device that enhances safety,
navigation capability, and social interaction for visually
impaired users in real-world environments.

B. Future Scope

Although the proposed smart shoe system
demonstrates reliable performance in obstacle
detection and human identification, several
improvements can be implemented in the future to
enhance its functionality, accuracy, and usability.
Future development may include the integration of
advanced computer vision techniques and deep
learning algorithms to improve the accuracy and speed
of human identification. Machine learning models can
enable the system to recognize a larger number of
individuals and adapt to different lighting conditions,
facial expressions, and environmental variations.

The system can also be enhanced by incorporating
additional sensors such as infrared sensors, GPS
modules, and accelerometers. GPS integration would
allow the system to provide navigation assistance and
location tracking, enabling visually impaired users to
receive directions and reach specific destinations
safely.

Another possible improvement is the integration of
wireless communication technologies such as Wi-Fi or
Bluetooth to enable IoT-based monitoring and data
sharing. Through IoT platforms, the system can send
location updates or emergency alerts to caregivers or

family members in case of dangerous situations.

The hardware design can also be further optimized by
implementing  miniaturized = components  and
rechargeable battery systems, making the device more
lightweight, portable, and energy efficient. A compact
design will allow the system to be easily integrated into
wearable footwear without affecting user comfort.

In addition, the voice guidance system can be improved
by implementing intelligent audio feedback and multi-
language voice support, allowing users from different
regions to use the device comfortably. Real-time
environmental analysis and object recognition features
can also be integrated to provide more detailed
information about surroundings.

With these improvements, the proposed smart shoe
system can evolve into a more intelligent, adaptive, and
fully integrated assistive navigation device. Such
advancements will significantly enhance the
independence, mobility, and quality of life of visually
impaired individuals, making the system suitable for
deployment in smart cities, healthcare environments,
and daily real-world applications.
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