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Abstract-Safety for pedestrians ranks as a key issue for
blind  individuals, particularly  in dynamic
environments where traditional assistive devices like
canes and guide dogs prove inefficient in perceiving
moving obstacles and providing sufficient advance
warnings. In order to compensate for such
shortcoming, we present an IoT- enabled wearable
system integrated mounted on the shoes to provide
enhanced situational awareness and body safety. The
system combines an Arduino Uno microcontroller,
ultrasonic sensor, piezoelectric buzzer as an audio
alert system, and lithium battery inside a compact
integrated assembly onto a regular shoe where these
connections are connected via jumper wires.

This paper enlightens the potential of coupling IoT
technologies with wearables on a daily basis to offer
accessible, scalable, and user-friendly solutions that
enable independent mobility and safety for visually
impaired individuals.

Keywords: Detection system, IoT Shoe, Audio alert
system, visually impaired, real time, mobility device,
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LINTRODUCTION

Visually impaired people encounter major difficulties in
moving around their environment safely, especially in
urban areas where there are obstacles, uneven ground,
and hazards that are not easy to foresee. Even with the use
of conventional aids like the white cane and guide dog,
these mechanisms tend to be insufficient in identifying
objects at a distance or offering directions in real-time.
This shortcoming subjects’ users to risks and their freedom
of movement in new locations is limited.
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The development of embedded systems and the Internet
of Things (IoT) presents a new horizon for assistive
technology. With the use of low-power, small-form-factor
components and real-time sensing, IoT-based solutions
can potentially greatly increase mobility and situational
awareness for the visually impaired. Yet numerous current
electronic aids to navigation are too complicated, too
costly, or too impractical for everyday use.

In this study, we suggest a low-cost, wearable system that
embeds key 10T elements into a common shoe to enable
constant obstacle detection and user notification. The
system includes an Arduino Uno microcontroller, an
ultrasonic sensor to measure distance, a piezoelectric
buzzer for outputting alerts, and a battery power source.
Installed directly on footwear, the design is capable of
hands-free use and integration into the user's routine
without interruption.

The main functionality of the system is that it detects
obstacles within a defined range and sends instant
warnings through sound and vibration, allowing users to
respond immediately and prevent collisions. The
components' light weight and ergonomic location ensure
that the system will not restrict movement or comfort.
Through extensive real-world testing, the imagined device
was shown to be robust and able to be a beneficial
pedestrian navigation aid for the visually impaired. This
work provides the design strategy, component synthesis,
system operation, and performance assessment of the
imagined wearable system. Through the realization of a
necessary gap in assistive mobility devices, this effort
continues the ongoing endeavor to facilitate safer, smarter
environments for the visually impaired.
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ILLITERARTURE SURVEY

[1] In a study on vehicle and pedestrian detection (VaPD)
for advanced driver assistance systems (ADAS),
researchers presented a low-rank (LR) variant of the Tiny
YOLO v3 model. [2] This work is experimented on
Raspberry Pi 4 and NVIDIA Jetson Nano with PASCAL VOC
and KITTI datasets, the LR Tiny YOLO v3 showed an
optimal performance regarding inference speed and
accuracy. [3] This work created a driver support system
predicting pedestrian crossing danger based on their
orientation and motion patterns. The system uses a
convolutional neural network (CNN) and depth-sensing
camera to estimate the position and distance of
pedestrians in 3D space.

[4] This paper introduces a real-time multiple pedestrian
tracking system on embedded platforms. It enhances
efficiency by combining object detection and feature
extraction into one deep learning model and proposes a
novel object association approach based on a JDE-inspired
prediction head, which reaches a 45.2% improvement in
performance. [5] The system CNN with a depth camera to
provide pedestrian orientation and distance from the
vehicle with accuracy. The CNN will detect major human
body points from 2D images, which are then transformed
into 3D space to improve tracking and distance
measurement. [6] This work introduces XM- YOLOVIT, a
fog-optimized real-time object detection algorithm based
on the YOLOvS5 architecture. It solves issues such as
obstruction.[7] This article proposes a real-time car
detection and counting system for traffic light control,
using HOG for feature extraction and Linear SVM classifier
for object detection. The system uses a NoSQL database
(Redis) to facilitate quick data handling. [8] This article
introduces a computer vision- driven pedestrian detection
system for enhancing mobility and independence of
visually impaired persons. Based on a deep neural
network trained on pedestrian datasets, the system
interprets real-time video from a wearable camera and
provides audio to alert users regarding pedestrians'
presence, location, and motion around them. [9] This
work investigates new approaches to enhance pedestrian
detection on datasets. It demonstrates that the use of
motion features from optical flow can greatly enhance
detection performance, even in poor video quality. [10]
This work proposes a comprehensive evaluation method
for pedestrian detection in monocular images, of relevance
to tasks like autonomous driving and surveillance using
video. The research provides an extensive benchmark to
guide future research in pedestrian detection.

IILMETHODOLOGY

The main objective of this project is to develop a low- cost
yet effective mobility device for the blind, in real- time
object detection via the system integrated on the shoes
which helps the visually impaired to navigate easily
without any difficulties.

Component Integration and Physical Design The single
unit, HC-SR04 ultrasonic sensor, is held at the fore edge of
the shoe in an acute angle so that it is able to sense objects
close to ground level forward.

Operating Principle and Detection Logic The ultrasonic
sensor sends out high-frequency sound waves, which
reflect off any object they encounter. The Arduino Uno
takes the time the sound takes to reflect and, based on that,
calculates how far away the object in front of the shoe is.
When the object is sensed within a critical distance (usually
30 to 50 centimeters), the system helps the buzzer to ring
which in turn helps user to be aware. The buzzer will be
audible as long as there is any obstruction in sight, turning
off when the road is clear in order for the user to act and
react accordingly by turning whenever necessary.

Power Supply and the Control To make the system
convenient for use while mobile, the system is connected
to a battery and the same is connected to both the Arduino
and to the ultrasonic sensor, and after recharging to full
capacity, it can drive the system for several hours. An
on/off switch has been incorporated into the system such
that the user can only turn the device on when necessary.
This helps to conserve battery life and gives the user full
control over when the system should be in operation.

4 Practical Considerations and Usage The system is
intended for wearing on routine activities—whether one is
moving around indoors, sidewalks, or outdoors. Being
ultrasonic sensing only, the system is fully functional
under various lighting conditions, unlike camera-based
systems. The simplicity of the system renders maintenance
extremely low, and components are low-cost and readily
available.

Positioning the detection mechanism at floor level, the
system aims at the most proximal danger zone for the
visually impaired— obstacles to be tripped over or evaded
altogether using other sensors. The audible feedback
offers a non-intrusive means of expanding spatial
awareness to allow safer and more confident mobility.
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A. System Architecture
Hardware Components

Power and Battery Switch: The device uses a 9V battery
so that it is convenient to carry around and utilize
anywhere. There is a toggle switch that serves as an
effortless means of enabling or disabling the system and
thus provides direct access to controlling whether the
Arduino platform is powered or not.

Arduino Uno: The Arduino Uno is the master controller of
the system. The real-time data is fed from the ultrasonic
sensor, which calculates the distance of objects, and sends
also alerts when an object gets too close. high response
rate and intuitive programming make it a suitable option
for small embedded systems such as this one. Its high
response rate and intuitive programming make it a
suitable option for small embedded systems such as this
one.

Ultrasonic Sensor (HC-SR04): The ultrasonic sensor is
responsible for sensing nearby obstacles, such as human
beings. It functions by sending out sound waves and then
checking how long it takes them to return after reflecting
off a target. The duration provides an accurate estimate of
the distance of the object from the user. The sensor
performs optimally at short distances and continues to
function well even under low light conditions or when
there is background noise.

Piezoelectric Buzzer: The buzzer serves as the system's
real-time feedback device, alerting users to sensed
obstacles through audio signals. Different buzzer patterns
(e.g., beeping rate or volume) depending on obstacle
proximity can be employed to convey the degree of threat.
The piezoelectric buzzer is selected because it has a small
package size, low power consumption, and high sound
pressure in typical outdoor environments.

Mounting Platform and Connecting Wires: All electronic
elements are interfaced with flexible, insulated wires that
are wearables-optimized to avoid being broken by foot
movements.

A compact mounting point made of materials such as
foam shoes or 3D-printed polymers supports the
electronics securely to the shoe.

Manual Power Switch: There is a built-in manual on/off
switch located in the hardware for ease of use and
conservation of energy. It allows users to easily turn the
system off/on without actually removing the power
supply. The switch is located on the side of the shoe, so

they can be easily turned off when not in use, which
conserves battery life, and stops the wasting of energy. The
presence of a manual power switch also allows for system
resets and maintenance without the user having to touch
sensitive electronic components.

B. Software Components.

The programming aspect of the system is done with the
Arduino Integrated Development Environment (IDE),
which is a highly uncomplicated and user- friendly
environment. It assists in coding, verifying (compiling),
and loading the code directly into the Arduino Uno, which
serves as the brain of the hardware setup.

The programming is mostly in C and C++, and it makes
extensive use of pre-built libraries and the underlying
structure from Arduino to keep the development speedy
and well-structured. The entire process of coding the
software in the Arduino IDE is done following a simple,
step-by-step approach:

Sensor Initialization:

First, the Arduino code initializes and configures the input
and output pins that interface with the ultrasonic sensor
(HC-SR04). This configuration is highly crucial since it
makes sure that the microcontroller is able to send
instructions to the sensor effectively and receive data from
it.

Distance Measurement Logic:

The second half of the program instructs the ultrasonic
sensor to emit sound waves and then waits for the echoes
that bounce back after colliding with an object. The
duration for the echo to return is measured, and the
program immediately computes how far away the object
is. This way, the system can continuously monitor the
environment in real time.

Alert Triggering:

Whenever an object is sensed within a specific danger area,
the software automatically activates a warning system,
such as activating a buzzer or vibration motor. The closer
the object is, the faster or more powerful the warning can
be generated, allowing the user to respond in time.

Looped Operation:

Arduino utilizes a unique form: the setup() function only
executes once when the program begins to initialize all the
things, and the loop() function continually repeats. That
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repetition ensures the system never falls asleep and keeps
sensing and responding to the change around the user.

C. Data Flow

The switch provides the facility of switching on/off the
system by the user at will, either giving or stopping the
Arduino and sensor of power. It saves battery power by
retaining power only to the system when actually
required. Arduino Uno is the processor that gets distance
feedback from the sensor and decides whether there is
something in the safety zone. Then it decides whether to
trigger an alarm or not. All of the equipment runs on the
battery pack for simplicity and extended usage.

The system keeps monitoring sensor readings against a
previously set threshold. On detecting an object in near
proximity danger, it activates the warning system;
otherwise, it continues monitoring.
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Obstacles

3 -

’ 2 l Switch (ON/OFF) I :
Ultra sonic sensor < e User Switch
4 >4 . ;

' Powared By ™
somouno ), ;
Microcontroller '< Baltery Pack )

¥

[ Process. Check Distance

l Obstacie < Threshold l

Visually lmpurod\
POISON rceives
audiory alert

Figure 1: Data flow diagram

On an obstacle coming in close proximity, the Arduino
triggers the buzzer, which modulates its brightness based
on proximity. This instant feedback informs the user of
surrounding dangers. The output module consists of the
buzzer or other alerting devices, which send clear,
immediate signals. Lastly, the blind individual receives the
sound signal, which enables safe movement and
enhances their mobility and independence.

IV.IMPLEMENTATION

The device would be implemented as a small, wearable
device embedded within a typical shoe that will not disturb
the user's normal walking pattern. The device prioritizes
portability, reliability, and instant obstacle detection for
facilitating safe pedestrian movement of visually impaired
people.

Figure 2: Connection of hardware components
Hardware Implementation

The hardware configuration uses the Arduino Uno
microcontroller due to its simplicity of programmability,
enough processing power, and compatibility with a broad
range of peripheral sensors. An HC-SR04 ultrasonic sensor
on the front of the shoe measures the area in front of the
wearer by firing ultrasonic waves and measuring the time of
return. The system calculates the distance of the wearer
from the possible obstacles on the basis of the time-of-
flight concept.

A piezoelectric buzzer is connected on the digital output
pins of the Arduino to warn the user upon sensing the
presence of an obstacle within the pre-set threshold
distance. The buzzer alarm produces a loud tone when
triggered, notifying the wearer of the nearness of
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obstructions on the path. A switch on the side of the shoe
is also provided for the user to turn the device off or on
according to the kind of environment being traversed
(e.g., open or crowded environment.

All the electronic components are connected using
flexible insulated wires that have a wearables- optimized
durability to prevent damage by foot movement. The
entire device runs on a light-weight rechargeable lithium-
ion battery that powers the device for hours on end
without weighing the shoe excessively.

Software Implementation

The embedded C environment of Arduino was used to
develop the software logic that oversees monitoring by
sensors, calculating distances, as well as alert
management. On activation of the system by the switch,
the microcontroller commences incessant distance
sensing by periodically triggering the ultrasonic sensor.

The data captured is processed in real time:

When the measured distance is beyond a set safe limit, the
system stays in the rest state without generating any alert.
When the distance drops below the threshold value (say,
less than 60cm), the buzzer immediately rings to warn the
user.

V. RESULT

The IoT-based pedestrian safety system for visually
impaired individuals was successfully tested in indoor and
outdoor environments that closely resemble actual
conditions. The system uses an ultrasonic sensor, driven
by an Arduino board, and a buzzer to assist users in
sensing nearby obstacles. Upon testing, the ultrasonic
sensor identified objects as close as 30cm and replies in
one second. On obstacle detection, the buzzer provides
prompt and clear warning, so that the user is known about
the danger without seeing. The prompt warnings
promoted situation awareness on users, particularly while
navigating crowded or unfamiliar locations. The setup is
also tried with a number of visually impaired subjects,
who gained confidence to move around when walking,
particularly in avoiding obstacles outdoors. The system
operates effectively on an Arduino microcontroller and
had suitable battery life. Overall, the system is simple,
effective, and reliable—making it a valuable device to
assist visually impaired people in mobility more securely.

VI.CONCLUSION

Development of a pedestrian and obstacle detection
system as part of a wearable shoe model represents an
important milestone for assistive technology for the blind.
In contrast to existing systems that use either handheld or
head-mounted devices exclusively, our design presents a
solution based on feet that increases the ease of use,
discretion, and mobility of hands.

The system integrates ultrasonic sensing with
microcontroller-based processing to identify objects in real
time and give instant haptic feedback to the user through
buzzer incorporated into the shoe. This method
guarantees the user to be alerted towards objects or
pedestrians around them without causing a disruption in
their natural walking pattern or demanding visual
attention.

Finally, the smart shoe is an immense leap towards
empowering visually impaired individuals with intuitive
real-time perception of their environment, nsuring safer
and more confident movement through urban areas
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