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ABSTRACT: The increasing demand for energy and the depletion of conventional energy sources have motivated
researchers to explore alternative and renewable energy generation methods. Energy harvesting technologies capture
small amounts of energy from environmental sources such as vibration, pressure, and motion. Among these
technologies, piezoelectric energy harvesting has emerged as a promising approach for converting mechanical stress
into electrical energy. This paper presents the design and implementation of a piezoelectric footstep energy harvesting
system capable of converting human footsteps into electrical power. The system uses piezoelectric sensors placed
beneath a walking platform to generate electrical voltage when mechanical pressure is applied. The generated voltage is
rectified, regulated, and stored using an energy storage module. A microcontroller-based monitoring system is used to
observe the voltage output and demonstrate practical applications of the generated power. Experimental observations
show that piezoelectric sensors can generate usable electrical energy sufficient to power low-power devices such as
LEDs and small sensors. The proposed system provides an eco-friendly and sustainable solution for utilizing otherwise
wasted mechanical energy in crowded public areas such as railway stations, shopping malls, and sidewalks.

KEYWORDS: Piezoelectric sensors, Energy harvesting, Footstep power generation, Renewable energy, Arduino.
L. INTRODUCTION

The rapid growth of urbanization and technological development has significantly increased global energy demand.
Traditional energy sources such as fossil fuels are limited and contribute to environmental pollution. Therefore,
researchers are increasingly focusing on renewable and sustainable energy generation methods to address future energy
challenges. Energy harvesting is a technique that captures small amounts of energy from the surrounding environment
and converts it into electrical energy that can be used for low-power electronic devices. Common energy harvesting
sources include solar radiation, thermal gradients, vibrations, and mechanical motion. Among these sources,
mechanical energy harvesting using piezoelectric materials has gained significant attention due to its ability to convert
mechanical stress directly into electrical energy [1][2].

Piezoelectric materials generate electrical voltage when mechanical pressure or deformation is applied to them. This
phenomenon, known as the piezoelectric effect, enables the conversion of mechanical energy into electrical energy [3].
Researchers have explored the use of piezoelectric materials for various applications such as vibration energy
harvesting, wireless sensor networks, and micro-power generation systems [4]. One innovative application of
piezoelectric technology is footstep power generation. Human walking produces mechanical pressure that can be
converted into electrical energy using piezoelectric sensors embedded beneath walking surfaces. This approach enables
the generation of renewable electricity in crowded public areas where thousands of footsteps occur every day [5].

The remainder of this paper is organized as follows. Section II presents the literature review related to piezoelectric
energy harvesting technologies. Section III describes the proposed footstep power generation system and its
components. Section IV explains the system design and working principle of the piezoelectric sensors and associated
circuitry. Section V presents the experimental results and discussion based on the developed prototype system. Finally,
Section VI concludes the paper and highlights possible future improvements.
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II. LITERATURE SURVEY

Several researchers have investigated the use of piezoelectric materials for energy harvesting applications. Priya and
Inman discussed various energy harvesting techniques and highlighted the importance of piezoelectric systems in
micro-energy generation [1]. Roundy et al. studied energy scavenging methods for powering wireless sensor networks
using mechanical vibrations [2].

Sodano et al. presented a comprehensive review of piezoelectric materials used for vibration-based energy harvesting
and analyzed their electrical output characteristics [3]. Ramadass and Chandrakasan proposed efficient power interface
circuits that improve the performance of piezoelectric energy harvesting systems [6].

Recent studies have also explored the application of piezoelectric energy harvesting in public infrastructure. Mitcheson
et al. demonstrated the feasibility of harvesting energy from human motion for powering small electronic devices [7].
Khaligh et al. analyzed kinetic energy harvesting systems and highlighted their potential for sustainable energy
generation [8]. These studies show that piezoelectric energy harvesting is a promising method for generating renewable
energy from mechanical motion, particularly in areas with high human activity.

II1. PROPOSED SYSTEM

The proposed system aims to capture mechanical energy generated by human footsteps and convert it into electrical
energy using piezoelectric sensors. The system consists of the following components:

Piezoelectric sensors

Bridge rectifier circuit

Voltage regulator

Rechargeable battery or capacitor
Arduino microcontroller

LED or small load device

When a person steps on the surface containing the piezoelectric sensors, mechanical pressure is applied to the sensors.
This pressure causes deformation in the piezoelectric material, generating an alternating voltage. The generated voltage
is then converted into direct current using a bridge rectifier circuit.

The rectified voltage is filtered using capacitors to remove fluctuations and provide stable DC output. This energy is
then stored in a rechargeable battery or capacitor for later use. A microcontroller such as Arduino can be used to
monitor the voltage output and display it on an LCD display or use it to power small electronic loads.

The proposed system provides an efficient and eco-friendly method for utilizing otherwise wasted mechanical energy in
public areas such as sidewalks, shopping malls, and railway stations.

IV. SYSTEM DESIGN AND WORKING PRINCIPLES

1. Piezoelectric Effect :

The piezoelectric effect refers to the ability of certain materials to generate electrical voltage when mechanical stress is
applied. Materials such as quartz, lead zirconate titanate (PZT), and polyvinylidene fluoride (PVDF) exhibit strong
piezoelectric properties and are widely used in energy harvesting systems [3][8]. When mechanical pressure is applied
to these materials, their internal crystal structure becomes distorted, resulting in the generation of an electrical potential
difference across their surfaces.

2. Hardware Architecture :

The hardware architecture of the proposed system includes several modules working together to convert mechanical
energy into electrical energy.
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3. Piezoelectric Sensor Module
Piezoelectric sensors are placed beneath a walking platform where mechanical pressure from footsteps can be captured.

4. Rectifier Circuit
The voltage generated by piezoelectric sensors is alternating current. A bridge rectifier circuit converts this AC voltage
into DC voltage.

5. Energy Storage Module
Capacitors or rechargeable batteries are used to store the generated electrical energy.

6. Monitoring Unit
An Arduino microcontroller can be used to monitor the generated voltage and display output readings.

7. Load Module
The stored electrical energy can power small electronic devices such as LEDs, sensors, or low-power microcontrollers.

V.RESULTS AND DISCUSSION

The developed prototype of the piezoelectric footstep energy harvesting system was implemented using piezoelectric
sensors, a rectifier circuit, an Arduino microcontroller, and an LCD display module. The sensors were placed beneath a
walking surface so that mechanical pressure from human footsteps could be captured and converted into electrical
energy.

When a user stepped on the platform containing the piezoelectric sensors, mechanical stress was applied to the sensors,
resulting in the generation of electrical voltage due to the piezoelectric effect. The generated alternating voltage was
converted into direct current using a bridge rectifier circuit and then regulated before being stored in the battery
module.

The working prototype of the system is shown in Figure 1, where the piezoelectric sensors are connected to the signal
conditioning circuit and the microcontroller unit. The LCD display module is used to indicate the system operation and
confirm the generation of electrical energy from footsteps.

The experimental observations indicate that the voltage output depends on the magnitude of force applied to the sensors
as well as the number of piezoelectric elements used in the system. A single piezoelectric sensor produces a relatively
small voltage output; however, connecting multiple sensors in series or parallel can significantly increase the generated
voltage and improve overall energy harvesting efficiency.

The prototype system successfully demonstrated the feasibility of converting mechanical energy generated from human
footsteps into electrical energy capable of powering low-power electronic devices such as LEDs and sensors. These
findings are consistent with previous studies on piezoelectric energy harvesting systems for micro-power generation
applications [7].

Figure 1 Prototype setup of the piezoelectric footstep energy harvesting system.
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VI. CONCLUSION

This paper presented the design and implementation of a piezoelectric footstep energy harvesting system capable of
converting mechanical energy from human footsteps into electrical energy. The system demonstrates an
environmentally friendly and sustainable approach for capturing wasted mechanical energy.

Experimental results show that piezoelectric sensors can generate usable electrical energy when subjected to
mechanical pressure. The generated energy can be stored and used to power low-power electronic devices.

Future improvements may include increasing the number of piezoelectric elements, improving energy storage systems,
and integrating wireless monitoring systems. With further development, piezoelectric energy harvesting technology can
play an important role in smart city infrastructure and renewable energy solutions.

REFERENCES

[1]S. Priya and D. J. Inman, “Energy harvesting technologies and applications,” Journal of Intelligent Material
Systems and Structures, 2010.

[2] S. Roundy, P. Wright, and J. Rabaey, “Energy scavenging for wireless sensor networks,” Wireless Sensor Networks
Journal, 2004.

[3]H. A. Sodano, D. J. Inman, and G. Park, “A review of power harvesting from vibration using piezoelectric
materials,” Shock and Vibration Digest, 2004.

[4] N. Elvin and A. Erturk, “Advances in piezoelectric energy harvesting,” Smart Materials and Structures, 2013.

[5]S. Beeby, M. Tudor, and N. White, “Energy harvesting vibration sources for microsystems applications,”
Measurement Science and Technology, 2006.

[6] Y. Ramadass and A. Chandrakasan, “An efficient piezoelectric energy harvesting interface circuit,” IEEE Journal of
Solid-State Circuits, 2010.

[7] P. Mitcheson et al., “Energy harvesting from human motion,” Proceedings of the IEEE, 2008.

[8] A. Khaligh, P. Zeng, and C. Zheng, “Kinetic energy harvesting using piezoelectric systems,” IEEE Transactions on
Industrial Electronics, 2010.

IJIRSET©2026 | AnI1SO 9001:2008 Certified Journal | 2786



http://www.ijirset.com/

INDIA

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

INTERNATIONAL '
‘ ‘ STANDARD INNO SPACE
SERIAL
' \ NUMBER SJIF Scentific Journal Impact Factoe

[ 3940572 462 [© 6381907 438 [ ijirset@gmail.com 5

WW.ijirset.com



