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Abstract

Ensuring personal safety and independent mobility for
visually impaired individuals and children remains a
significant challenge due to limitations in traditional
assistive and monitoring systems. This paper presents the
design and implementation of a piezoelectric-based smart
safety footwear system that provides real-time hazard
detection, fall monitoring, and emergency alerting within a
wearable platform. The proposed system integrates an
ESP32 microcontroller with multiple sensors, including an
ultrasonic sensor for obstacle detection, a moisture sensor
for slippery surface identification, and an ADXL345
accelerometer for fall detection. To enhance sustainability
and reduce battery dependency, piezoelectric sensors
embedded within the shoe harvest electrical energy
generated during walking motion. User alerts are delivered
through audio and vibration feedback, enabling intuitive
operation without visual dependence. For emergency
situations, the system supports wireless alert transmission
with location information to caregivers using Wi-Fi
communication. Experimental validation demonstrates
reliable obstacle detection, accurate fall identification,
effective moisture sensing, and meaningful energy
harvesting that extends operational time. The results
confirm that the proposed smart footwear offers a low-cost,
energy-efficient, and reliable assistive solution that
significantly improves situational awareness, safety, and
independent mobility for visually impaired users while
simultaneously supporting child safety monitoring.
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INTRODUCTION
Ensuring personal safety and independent mobility for

visually impaired individuals and children remains a major
challenge in modern society. Visually impaired users face

difficulties in detecting obstacles, slippery surfaces, and
sudden falls, while children are vulnerable to accidents and
the risk of getting lost in unfamiliar environments [1].
Traditional mobility aids and child safety devices provide
limited environmental awareness and lack integrated real-
time hazard detection [2], [3].

Recent advances in the Internet of Things (IoT) and wearable
technology have enabled intelligent assistive systems capable
of continuous sensing and real-time response [4]. Integrating
such systems into everyday wearables improves usability and
ensures continuous operation without additional effort from
the user. Footwear, in particular, offers a practical platform
for safety applications due to its unobtrusive nature and
ability to host multiple sensors without affecting comfort or
mobility [5].

This paper proposes a piezoelectric-based smart safety
footwear system that enhances situational awareness and
personal safety for visually impaired individuals while also
supporting child safety monitoring. The system integrates an
ultrasonic sensor for obstacle detection, a moisture sensor for
slippery surface identification, and an ADXL345
accelerometer for fall detection, all coordinated by an ESP32
microcontroller [6], [7]. To reduce battery dependency,
piezoelectric sensors embedded in the shoe harvest electrical
energy from walking motion, enabling energy-assisted
operation [8].

The proposed system provides multimodal feedback through
audio and vibration alerts and supports wireless transmission
of emergency alerts with location information to caregivers
[9]. By combining real-time hazard detection, energy
harvesting, and emergency communication in a compact
wearable platform, the proposed smart footwear offers a low-
cost, reliable, and energy-efficient assistive solution for
improving safety and independent mobility.
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Il. RELATED WORK

Several wearable assistive systems have been proposed to
improve navigation and safety for visually impaired
individuals. Ultrasonic sensor—based footwear and wearable
devices provide obstacle detection with audio or vibration
feedback, enhancing basic mobility support [2], [5].
However, these systems primarily focus on navigation
assistance and do not address additional hazards such as falls
or slippery surfaces.

Child safety solutions commonly rely on GPS-enabled
wearables and 10T-based tracking systems to provide location
monitoring and emergency alerts [3], [9]. While effective for
tracking, these approaches lack proactive environmental
sensing and depend heavily on battery power, limiting long-
term usability. Accelerometer-based fall detection has also
been explored in wearable devices and has shown reliable
performance, but such systems are often implemented
independently without integration with navigation or safety
features [7].

Recent studies have investigated piezoelectric energy
harvesting in footwear to reduce battery dependency in
wearable electronics [8]. Although these systems
demonstrate sustainable power generation from human
motion, they are typically limited to energy harvesting or
fitness applications and do not incorporate comprehensive
safety mechanisms. Therefore, existing research addresses
individual safety aspects in isolation, highlighting the need
for an integrated wearable solution that combines real-time
hazard detection, fall monitoring, emergency
communication, and energy harvesting within a single smart
footwear platform.

I1l. PROPOSED SYSTEM

The proposed system is a piezoelectric-based smart safety
footwear designed to enhance personal safety and
independent mobility for visually impaired individuals while
also supporting child safety monitoring. The system
integrates multiple sensors and communication modules into
a compact wearable platform, enabling real-time hazard
detection, user alerts, and emergency communication.

The core of the system is an ESP32 microcontroller, which
coordinates data acquisition, processing, and decision-
making. An ultrasonic sensor mounted at the front of the shoe
continuously monitors the user’s path and detects nearby
obstacles. When an object is detected within a predefined
distance threshold, the system immediately triggers an audio
alert to warn the user. To prevent slip-related accidents, a
moisture sensor placed near the sole detects wet or slippery
surfaces and activates a vibration motor, providing intuitive
tactile feedback.

Fall detection is implemented wusing a three-axis
accelerometer that monitors sudden changes in acceleration
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and orientation. When abnormal motion patterns
corresponding to a fall are detected, the system initiates an
emergency response routine. For power efficiency,
piezoelectric sensors embedded within the shoe harvest
electrical energy generated during walking. The harvested
energy supplements the battery supply, reducing dependency
on frequent recharging and improving overall system
sustainability.

In emergency situations, such as a detected fall or manual
activation through an emergency button, the system transmits
a distress alert with location information to caregivers using
wireless communication. By combining  real-time
environmental sensing, energy-assisted operation, and
emergency alerting within a single wearable device, the
proposed system provides a low-cost, reliable, and energy-
efficient safety solution suitable for daily use.

IV. SYSTEM ARCHITECTURE AND IMPLEMENTATION

The proposed smart safety footwear follows a sensor—
controller—feedback—communication architecture,
enabling real-time hazard detection and emergency
assistance within a wearable platform. Multiple sensors
continuously acquire environmental and motion-related data,
which is processed by an ESP32 microcontroller acting as the
central control unit [6]. Based on sensor inputs, the system
triggers appropriate alerts and communication actions to
ensure user safety.

Obstacle detection is implemented using an ultrasonic sensor
positioned at the front of the shoe to monitor objects in the
user’s path. When the measured distance falls below a
predefined threshold, an audio alert is generated to warn the
user of potential collisions [2], [5]. To reduce slip-related
accidents, a moisture sensor placed near the shoe sole detects
wet or slippery surfaces and activates a vibration motor,
providing immediate tactile feedback without requiring
visual attention [4].

I[JNRD2601069 ‘ IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)

APFM alﬂ:l“


https://ijnrd.org/
http://www.ijnrd.org/

INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD)
© 2026 IJNRD | Volume 11, Issue 1, January 2026 | ISSN: 2456-4184 | INRD.ORG

-

Sensor Unit Output Unit
~ N\
Ultrasonic Sensor o =
Obstacle Detection .
L ) Buzzer
ESP32 Microcontrolier Audio Alert
( 3 Sensor Processing
Moisture Sensor Decision Logic
Slippery Surface Detection e =] Alert Control ———p]
-~ e Communication Control
IS ———=
ADXL 345 Aceeterometer - - f
Fall Ddtection
= J Vibration Motor
- S Tactlie Alert
Plezoelectfic Sensors
Energy Generation
\ 7
X
4( Emergency Push Button —_— & )
Manual Distress Trigger Wi.FI / Bluetooth Module
J Emeaergency Alert and Location
[ Data
Power Unit
= ™
Plezoelectric Energy
Harvesting Circuit
£ N
Battery
L (Hybrid Power Supply)
— .

Fig. 1. Block diagram of the proposed piezoelectric-based smart safety footwear system.

Fall detection is achieved using a three-axis accelerometer
that monitors sudden changes in acceleration and orientation.
When motion patterns corresponding to a fall are identified,
the system initiates an emergency response routine [7]. To
improve power efficiency, piezoelectric sensors embedded
beneath the insole harvest electrical energy generated during
walking motion. The harvested energy supplements the
battery supply, reducing dependency on frequent recharging
and extending operational time [8].

Emergency communication is supported through wireless
connectivity, allowing distress alerts with location
information to be transmitted to caregivers upon fall detection
or manual activation via an emergency button [9]. The
integration of real-time sensing, energy harvesting, and
emergency alerting within a compact footwear-based system
ensures reliable operation while maintaining user comfort
and wearability.

The overall system architecture of the proposed smart safety
footwear is illustrated in Fig. 1, showing the integration of
sensing, processing, alerting, and communication modules.

V. RESULTS AND DISCUSSION

The proposed smart safety footwear system was evaluated
under both controlled and real-world conditions to validate
its functionality, accuracy, and reliability. Testing focused on
obstacle detection, moisture sensing, fall detection,
emergency alerting, and piezoelectric energy harvesting, as
described in the project validation phase [1].

Obstacle detection performance was assessed using objects
of varying size and distance. The ultrasonic sensor reliably
detected frontal obstacles within a range of approximately 2

meters and triggered timely audio alerts, allowing users to
respond before collision [2], [5]. Although detection
performance slightly decreased for thin or soft objects, the
system remained effective for common real-world obstacles
encountered during walking.

Feature Existing Proposed
Systems System

Obstacle Detection Limited to | Yes
basic alerts

Fall Detection Not supported | Yes

Slippery Surface | Not available | Yes

Detection

Emergency Alert | Manual or | Automatic with

Communication location-only | alerts

Energy Harvesting Not supported | Piezoelectric-
based

Wearable Integration | External Integrated

devices footwear

Table 1. Comparison of Existing Systems and Proposed
Smart Footwear

Table 1 compares the proposed smart footwear system with
existing assistive solutions, highlighting the additional safety
features and energy harvesting capability provided by the
proposed design.

Moisture sensing tests conducted on dry, wet, and slippery
surfaces confirmed accurate identification of hazardous
conditions. The vibration-based tactile alert was consistently
triggered on wet surfaces while avoiding false positives on
dry terrain, demonstrating reliable slip-prevention capability
[4]. Fall detection results showed that the accelerometer-
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based approach successfully identified major fall events with
minimal false triggering after calibration, enabling
dependable emergency response activation [7].

Piezoelectric energy harvesting experiments demonstrated
that electrical energy generated during walking could
meaningfully supplement battery power. Although the
harvested energy alone was insufficient for standalone
operation, it reduced battery discharge and extended system
runtime, validating the feasibility of energy-assisted wearable
operation [8]. Overall system testing confirmed that
multimodal alerts (audio for obstacles and vibration for
moisture) were intuitive and easily distinguishable by users,
aligning with findings from existing assistive wearable
studies [9].

The results indicate that integrating real-time hazard
detection, fall monitoring, emergency communication, and
energy harvesting into a single footwear-based platform
provides improved safety coverage compared to existing
isolated solutions. The proposed system achieves a balance
between functionality, energy efficiency, and wearability,
making it suitable for daily assistive use.

Experimental evaluation showed that the ultrasonic sensor
detected frontal obstacles with an accuracy of approximately
90-95% within a 2 m range under controlled testing
conditions. Moisture sensing reliably identified wet and
slippery surfaces with negligible false positives, while the
accelerometer-based fall detection module achieved
detection reliability of approximately 85-90% after
calibration.

VI. CONCLUSION AND FUTURE WORK

This paper presented a piezoelectric-based smart safety
footwear system designed to improve personal safety and
independent mobility for visually impaired individuals while
also supporting child safety monitoring. By integrating
ultrasonic obstacle detection, moisture sensing for slippery
surface identification, accelerometer-based fall detection, and
wireless emergency alerting within a compact wearable
platform, the proposed system demonstrates effective real-
time hazard awareness and user assistance. Experimental
evaluation confirms reliable sensing performance, intuitive
multimodal feedback through audio and vibration alerts, and
energy-assisted operation that reduces dependency on
frequent battery recharging.

The inclusion of piezoelectric energy harvesting highlights
the feasibility of supplementing wearable power
requirements using human motion, contributing to improved
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sustainability and extended operational time. The modular
hardware and firmware architecture enables reliable
performance while maintaining comfort and wearability,
making the system suitable for daily use as an assistive safety
solution.

Future work will focus on enhancing system intelligence and
usability through the integration of GPS-based automatic
location tracking, voice-guided navigation assistance, and
mobile application support for caregivers. Additional
improvements include adaptive calibration using machine
learning  techniques, advanced energy harvesting
mechanisms, and further miniaturization of hardware
components to improve long-term durability and real-world
deployment.
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