www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 7 July 2025 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

éh INTERNATIONAL JOURNAL OF CREATIVE
Q RESEARCH THOUGHTS (1JCRT)
@ aﬁ An International Open Access, Peer-reviewed, Refereed Journal
Walking Watts: Footstep-Based Electricity

Generator And Energy Harvesting System

Komala N?, Kushal Gowda U?, Lohith S®, Sai Rahul N*, Saleem S Tevaramani®

Student! -4, Assistant Professor®
Department of Electronics and communication®
K S Institute of Technology, affiliated to VTU, Bangalore, India®

Abstract: The footstep-induced electricity generator and energy harvesting system is a cutting-edge solution
intended to transform Kinetic energy from footsteps into electrical energy through piezoelectric transducers
incorporated in flooring. To maximize efficiency, the system combines renewable sources of a solar tree,
windmill, and dual-axis solar tracking. The stored energy is saved in batteries and controlled by a power
management system for real-world applications. A significant application is powering an Al-powered traffic
controller. The technology can be used for high-traffic locations such as sidewalks, transportation hubs, and
public areas to energize lighting, signage, and intelligent infrastructure. It lessens reliance on traditional energy
sources, enables carbon footprint minimization, and facilitates sustainable energy operations. The process
involves system design, selection of the energy harvesting mechanism, conversion, storage, and testing. In
general, it provides a scalable, green solution to urban energy problems by tapping into energy from the daily
movement of people.

Index Terms - Al traffic controller, Energy storage, Footstep energy harvesting, Piezoelectric effect, Solar
and wind energy integration.

1. INTRODUCTION

Electricity has become a fundamental requirement in day-to-day life. With the rise in energy demands
globally and concern for the depletions of fossil fuels, the demand for innovative and clean sources of energy
has never been more urgent. Sustainable, environmentally friendly, and decentralized energy options are what
today's society demands, especially ones that can be integrated into everyday human activities. Of the new
technologies being developed in this area, footstep power generation is a practical and innovative solution to
harvesting human kinetic energy derived from walking. The idea rides on the plain concept of using
mechanical energy generated by foot pressure to produce electricity, providing an alternative route for
supplementing conventional energy systems, particularly in urban and semi-urban areas where space is
constrained Millions of individuals go about their daily business by walking over streets, public transport
hubs, parks, shopping centers, and school hallways each day. If the energy potential in each step could be
efficiently harvested, it would create the possibility of an uninterrupted, inexpensive, and clean source of
energy. In the last decade, scientists across the world have researched and created numerous systems for
harnessing this energy potential. These systems typically belong to two broad categories: mechanical energy
conversion systems, and piezoelectric-based systems.
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Mechanical Energy Conversion Systems: One of the oldest and most extensively researched mechanisms for
generating power from footsteps is the rack and pinion system. In this system, the force downward from a
footstep is utilized to power a rack and pinion system, translating linear motion into rotational motion, which
powers a dynamo or motor to produce electricity. Some of the most prominent research in this area includes
that by Suresh Balaji et al. [1], Md. Azhar et al. [3], and P. Kumar et al. [13], both of whom researched the
design and construction of rack and pinion-based models. Many of these designs come with return springs so
that the mechanism resets itself after every step.

The mechanical method is preferable because of its simplicity, cost-effectiveness, and convenience of use in
rural or resource-poor settings. Shubham Kumar et al. [9] also showed a suitable low-cost model for small-
scale power generation. Their research emphasized how systems with mechanical motion can be designed for
higher power output with more efficient gears and energy storage elements. Other scholars, like V. Jose
Ananth Vino [2] and Vipin Kumar Yadav et al. [5], focused on the use of such systems in educational
institutions and railway platforms. The study suggests using the stored energy from such systems to power
LED streetlights, digital display boards, or charging stations, particularly in areas with minimal power
infrastructure.

Piezoelectric-Based Footstep Energy Systems: Thanks to advancements in material science and sensor
technology, piezoelectric energy harvesting has become highly sought after. Piezoelectric materials develop
an electric charge upon mechanical stress, which is why they can be used effectively to harvest energy from
foot pressure. Shiva Kumar et al. [10] and J. Patel et al. [11] published studies with an emphasis on installing
piezoelectric tiles into floor systems for generating electricity through each step taken. These tiles are placed
in matrices to maximize power output per unit area.

Additionally, B. Zhang et al. [17] presented a non-linear model and optimization technique for a single-axis
footstep-excited energy harvester with improved performance through damping and stiffness control. Such
systems provide increased energy density, lower wear and tear (since they lack movable mechanical parts),
and compactness. They are, however, comparatively more costly and need exact engineering for maximum
efficiency.

A fascinating expansion of piezoelectric systems is their coupling with smart technologies, including 1oT-
based voltage monitoring [11] and gait recognition [18]. H. Takahashi et al. explored a two-in-one
piezoelectric harvester that harvests energy while also conducting biometric gait analysis, creating
opportunities for both smart cities and health monitoring applications. Likewise, F. Liu et al. [19] proposed
the idea of a current-generating shoe with a porous sole covered with piezoelectric film, which broke new
ground in wearable power generation.

1.1 PROBLEM IDENTIFICATION:

The need for electricity has been growing exponentially which is mostly driven by intensified
industrialization. Such increased demand has put immense pressure on traditional sources of power, which
are mostly driven by fossil fuels. That leads to environmental degradation, resource depletion, rising cost of
energy, energy access disparity.

1.2 OBJECTIVE:

To develop a system which transduces mechanical energy of footsteps into electrical energy.
To create intelligent energy monitoring platform.

To measure and display the generated voltage in real-time.

To implement circuits that stabilize, store, and utilize the harvested energy effectively.

O O O O
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1.3 CONTRIBUTION:

The paper describes a footstep-powered electricity generator based on piezoelectric transducers embedded
in flooring materials to achieve high-energy conversion efficiency. The system enhances energy efficiency by
incorporating sophisticated power management and is scalable for high-traffic environments such as
sidewalks and transport centers. Through energy harvesting from human movement, it minimizes dependence
on conventional power sources and decreases carbon footprints. The system can drive streetlights, displays,
and charging stations, with interactive feedback stimulating public interaction. It has economic advantages in
terms of cost savings and installation and maintenance jobs, facilitating sustainable urban development.

1.4 ORGANIZATION:

Section 1: Introduction, Section 2: Literature Survey, Section 3: Methodology, Section 4: Performance
Analysis, Section 5: Conclusion

1.5 APPLICATION:

Al based traffic analysis system
Road Lighting

Public Spaces

Smart Cities

Transport Terminals

Malls

Sports Facilities

Schools and Universities
Mobile Phone Charging
Emergency Power

O 0O 0O 0O 0O 0 O o o o
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LITERATURE SURVEY:

1. Early Development and Mechanical Systems: Footstep power generation has been a topic of significant
interest for many years. Early efforts primarily focused on mechanical systems that convert the mechanical
energy of footsteps into electrical power. One of the most well-known approaches is the use of the rack and
pinion mechanism, which converts linear motion from a footstep into rotary motion. Suresh Balaji et al. [1]
designed and fabricated a footstep power generation system based on a rack and pinion assembly. This system
utilized a mechanical setup that was capable of generating electricity through the compression of a spring and
subsequent motion transfer via gears.

Similarly, Md Azhar et al. [3] explored energy generation using a similar mechanical approach, integrating a
rack and pinion mechanism in their design. The mechanism allowed the system to harness energy effectively,
but also brought forth challenges related to efficiency and mechanical wear. Their findings showed that gear-
based systems are simple, cost-effective, and efficient at converting small forces, but are subject to wear over
time, potentially limiting their long-term use.

In V. Jose Ananth Vino’s study [2], the power generation through foot pressure was explored using a
mechanical approach with a focus on applications like urban areas and transport hubs. This research
underscored the importance of cost-effective solutions for urban infrastructure where energy demands can be
significant, but budgets may be limited. The application of simple mechanical devices such as pedals, gears,
and springs demonstrated the feasibility of harvesting energy from human movement.
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2. Advancements in Piezoelectric Systems:

Piezoelectric materials, which generate electricity under mechanical stress, have emerged as a prominent
technology in footstep power generation. The major advantage of piezoelectric systems over mechanical
systems is the lack of moving parts, which improves durability and reduces maintenance requirements. Shiva
Kumar et al. [10] focused on the use of piezoelectric tiles embedded in flooring to generate electricity. This
design involves placing piezoelectric materials beneath walking surfaces to directly convert footstep pressure
into electrical energy. Their work, along with studies by J. Patel et al. [11], demonstrated that piezoelectric
tiles are not only viable but also scalable, with the potential to generate sufficient power in high-traffic areas
such as malls, railway stations, and public parks.

B. Zhang et al. [17] expanded on piezoelectric systems by incorporating a non-linear model for energy
harvesting. This study analyzed the efficiency of piezoelectric devices using advanced algorithms that
optimize the energy output based on the footstep force profile. Such approaches highlight the role of
optimization techniques in improving the performance of piezoelectric energy harvesters. F. Liu et al. [19]
introduced a wearable piezoelectric device in the form of a shoe with a porous sole, capable of generating
electricity while walking. This innovative solution takes the concept of footstep power generation into the
realm of wearable technology, offering the potential for personal energy generation.

These studies collectively underscore the growing role of piezoelectric materials in modern footstep power
generation. Piezoelectricity allows for the creation of more flexible and adaptable energy harvesting solutions.
Additionally, the integration of advanced materials like graphene and flexible polymers has the potential to
enhance the efficiency of these systems even further.

3. Integration with Smart Technologies: As footstep power generation technology has matured, there has
been increasing interest in integrating these systems with smart technologies. The Internet of Things (loT) is
particularly well-suited to this field, as it can enable real-time monitoring and data-driven energy management.
J. Patel et al. [11] and A. Sharma et al. [12] explored the use of 10T in piezoelectric systems, particularly for
voltage monitoring and optimization of energy use. These technologies not only improve energy generation
but also allow for the monitoring of energy production and usage, ensuring efficient integration into smart
cities.

The integration of gait recognition technologies is another innovative approach explored by H. Takahashi et
al. [18], who developed a system capable of simultaneously harvesting energy and recognizing gait patterns.
This dual-purpose approach could lead to new applications, such as smart shoes that not only generate
electricity but also contribute to health monitoring and personalized services. Such innovations underscore
the potential for footstep power generation to merge with other industries, including wearables, healthcare,
and smart infrastructure.

4. Application in Urban and Public Spaces: A key area of interest in footstep power generation is its
application in urban environments, where energy needs are high, and space is often limited. Joy Dev Ghosh
et al. [4] proposed a footstep-powered energy generation system for urban areas, specifically for powering
street lighting and public displays. Their study suggests that energy harvested from footsteps could be used to
power low-energy devices, such as LED street lights, in high-footfall areas. This concept has the potential to
reduce reliance on centralized power grids, particularly in off-grid areas, providing a sustainable energy
solution that is both localized and renewable.

In Suryaprakash Kumawat et al. [8], the feasibility of footstep energy harvesting in public spaces was
analyzed. The study found that footstep-based systems could be effectively used in large buildings, shopping
malls, and public transportation systems. Their research indicated that even relatively modest energy outputs
from each footstep could accumulate over large crowds, providing a reliable and clean source of power for
ambient lighting, security cameras, and information displays.

5. Challenges and Optimization of Footstep Power Generation: Despite its promising potential, footstep
power generation still faces several challenges. One of the primary challenges is the low energy output per
step, typically in the range of milliwatts to watts. This output is not sufficient for powering high-demand
systems but is more suitable for low-energy applications such as lighting and small electronics. To address
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this, researchers like R. Gupta et al. [14] have explored energy storage solutions, including the use of
supercapacitors and batteries to store and release harvested energy when needed.

Another challenge is system durability. The mechanical components of traditional systems, such as gears and
springs, can wear out over time. However, the emergence of piezoelectric systems has helped mitigate this
issue, as these systems rely on solid-state materials that have a longer operational lifespan with minimal
maintenance.

Researchers like Nitesh Kumar et al. [6] have also identified the need for better material optimization to
enhance energy harvesting efficiency. Their research highlights the potential of integrating advanced materials
such as nano-generators and graphene-based composites, which can significantly increase the energy output
and overall system performance.

3 METHODOLOGY:

Footstep electricity generator and energy harvesting system is a recent technology that has the ability to
harvest the kinetic energy of footsteps and generate electrical energy. The system uses piezoelectric materials
embedded in flooring materials to generate the mechanical energy of footsteps. The generated electrical
energy is stored in energy storage devices, like batteries and regulated by a power management system for
effective utilization. The mechanical system includes solar tree, wind-mill to increase the efficiency of the
system. The system also includes the dual axis solar tracking, where it is programmed to increase the
efficiency of solar panels by tilting the position to follow the movement of the sun during the day. As an end
application, Al based traffic analysis system is mounted in high traffic area, the generated power is used to
monitor the real-time data and advanced algorithms to optimize traffic flow and reduce delays.

3.1 BLOCK DIAGRAM:

A piezoelectric sensor-based footstep electricity generator is a novel method of energy harvesting from
human movement. The system utilizes the piezoelectric effect, in which some materials produce an electric
charge when subjected to mechanical stress like pressure from a footstep. Figure 3.1 illustrates block diagram
of the model it explains the working flow of the system.

Foot step Power supply
Pressure
l mm)| LCD
Piezoelectric
sensors Arduino UNO

Driver circuit

Battery |-

Solar and
Wind mill

Applications

Fig 3.1: Block diagram of Footstep-Based Electricity Generator and Energy Harvesting System

The block diagram illustrates a footstep electricity generator system with piezoelectric sensors, an Arduino
UNO, and energy storage devices. When someone steps on the system, the pressure applied is transformed
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into electrical energy by piezoelectric sensors, which produce an alternating current output. This AC signal is
thereafter treated by a driver circuit that comprises a rectifier to make AC into DC and a voltage regulator to
regulate the output. The regulated DC power is saved in a battery, which also gets extra energy from solar
panels and wind turbines, thus the system being a hybrid renewable energy solution.

1. Footstep Pressure: This is the mechanical pressure when a person steps or walks on the ground. This
pressure is the initial input that triggers the process of converting energy.

2. Piezoelectric Sensors: These sensors transform the mechanical stress caused by footstep pressure into
electrical energy. Piezoelectric materials produce an electric voltage upon deformation, and they are the
essential building blocks for energy harvesting from motion.

3. Driver Circuit: The puny electrical signal from the piezoelectric sensors is directed into a driver circuit,
which commonly consists of parts to control, amplify, and rectify the signal. It makes the voltage reliable and
utilizable for additional processing or storage.

4. Battery: The driver circuit output charges a battery. The battery stores the transformed electrical energy
and serves as a power source for executing different applications even when footsteps are not being made.

5. Solar and Wind Mill: These are other renewable sources that are wired in parallel to deliver supplementary
charging to the battery. This hybrid configuration provides energy availability even during periods of limited
foot traffic.

6. Arduino UNO: The Arduino UNO microcontroller is the system's brain. It controls sensor inputs and output
to the display and connected programs. It also checks the battery level and maximizes power distribution.

7. Power Supply: A special power supply powers the Arduino UNO itself, particularly during system boot-up
or when battery voltage is low.

8. LCD: The LCD (Liquid Crystal Display) displays real-time system information like voltage produced,
battery level, or power consumed by applications. This enhances user feedback and monitoring.

9. Applications: This block signifies the end-use devices that utilize the produced energy—examples are LED
streetlights, charging points, or small electronic systems.

3.2 WORKING PRINCIPLE:

Footstep Pressure on Piezoelectric Sensors: Upon a person's stepping on the system, pressure is exerted on
piezoelectric sensors. The sensors translate mechanical stress to electrical energy (AC voltage).
Driver Circuit: Because the output of piezoelectric sensors is weak and in AC, a driver circuit (rectifier and
voltage regulator) is employed. The rectifier translates AC to DC. The voltage regulator levels the voltage
prior to storage.
Battery Storage: The DC power converted is saved in a battery to be used later. Extra energy from wind
turbines and solar panels can also be saved.
Arduino UNO Integration: Power Supply: The Arduino is supplied power from a different power source.
Monitoring and Control: The Arduino controls energy production and distributes power. LCD Display: Shows
live information like voltage output, power stored, and number of footsteps.

IJCRTBE02029 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ] 206


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 7 July 2025 | ISSN: 2320-2882

3.3 FLOWCHART:

The flowchart illustrates the working process of a footstep electricity generator using piezoelectric sensors
integrated with an Arduino UNO and an LCD display. Figure 3.8 shows the working flow of the model.

Foot step
Pressure

I

Piezoelectrid
sensor

.

Driver
circuit

I

Arduino ; Voltage
UNO e Display

Battery

.

Application

Fig 3.8: Flow diagram of the footstep-based electricity generator

= Start — The system starts and waits for input (footstep pressure).

= Footstep Pressure Applied — When a person walks on the system, mechanical pressure is applied to the
piezoelectric sensors.

= Piezoelectric Sensor Activation — The sensors transform the mechanical stress into electrical energy in
the form of AC voltage.

= Driver Circuit Processing — The driver circuit rectifies and regulates the voltage, transforming it from
AC to DC for usable power.

= Arduino UNO Control — The processed signal is transmitted to the Arduino UNO, which tracks and
processes the generated voltage.

= LCD Voltage Display — The Arduino transmits the voltage data to the LCD display, displaying real-
time energy generation.

= Battery Storage — The energy generated is stored in a battery for future use.

= Application Utilization — The stored power is utilized to power other applications like LED lights,
sensors, or small electronic devices.

= End - The system runs as long as footsteps are registered.
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34 HARDWARE COMPONENTS:

Piezoelectric sensors: Piezoelectric sensors are devices that generate electrical voltage when subjected to
mechanical stress, utilizing the piezoelectric effect. They convert mechanical pressure (footsteps) into
electrical energy.

Fig 3.2: Piezoelectric sensors

Arduino Uno: Microcontroller for data acquisition, processing, and display. Regulated 5v and 3.3v outputs
available for powering external components.

Fig 3.3: Arduino Uno

Voltage regulator: Regulates and limits the output voltage to a usable range (e.g., LM7805 for 5V). Ensures
stable voltage to power the Arduino and other components.

~_

Fig 3.5: Voltage regulator LM7805

Rechargeable battery or super capacitor: Stores harvested energy for later use. Example: 3.7V li-ion
battery or 2.7V super capacitors.
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Fig 3.6 Rechargeable battery

LCD I12C display: Displays real-time voltage or power output.

"Thiz iz a 2x1&

line LCD Disrplag

Fig 3.7 LCD 12C display

3.5 SOFTWARE TOOLS:
Arduino IDE: It is used for writing, uploading, and debugging code for the Arduino uno.
Serial monitor (Arduino ide): To visualize real-time data (e.g., Voltage generated).

4 PERFORMANCE ANALYSIS

4.1 MATHEMATICAL EXPRESSION:

1.  Piezoelectric Voltage Generation: The voltage generated by a piezoelectric sensor is given by

V = g*F*d -(4.1)
Where:
g = Piezoelectric voltage coefficient
F = Applied force
d = Thickness of the piezoelectric material

2. Energy Generated by Piezoelectric Sensor: The electrical energy stored in a capacitor due to
piezoelectric generation is:

E =% CV? -(4.2)
Where:
C = Capacitance of the storage capacitor
V = Voltage generated

3. Power Output from Piezoelectric Sensors: The instantaneous power generated is:

P=V* - (4.3)
Where:
V = Voltage output
I = Current output
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4. Efficiency of the System: The efficiency of the energy conversion can be calculated using:
n=(P output/P input) %100 - (4.4)
4.1 RESULTS AND DISCUSSION:

The effective energy generation from human footsteps, with measurable voltage and power output. The
obtained output is used to power small loads and stored energies in batteries.

Fig 4.1: Working prototype of the foot step electricity generator and energy harvesting system

The image illustrates a functional model of a footstep energy harvesting system coupled with solar and wind
energy sources. The lower part of the system consists of a series of piezoelectric transducers positioned on
foam for electricity generation based on foot pressure. The left side of the photograph depicts mini solar panels
and a wind turbine, which symbolize a hybrid renewable energy system for power production. The right side
seems to be a simulation of an urban intersection with microcontrollers and sensors, probably used for
monitoring energy generation and supply. The system shows a realistic method of sustainable energy
harvesting by using several renewable sources to achieve maximum efficiency.

Fig 4.2 The Output voltage produced from the piezo is displayed in the LCD

Fig 4.3 The Output voltage produced from solar is displayed in the LCD
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Fig 4.4 The Output voltage produced from the wind is displayed in the LCD

Real-time monitoring of voltage output using the Arduino uno. Display of data on an LCD screen for easy
visualization and analysis.

5 CONCLUSION:

The Successful demonstration of this paper serves as the ability of marrying renewable energy technology
to our built world, energizing efficiency, and establishing sustainability culture. Generation of electricity using
the footsteps involves application of piezoelectric material such that the kinetic power obtained from stepping
on can be turned into electric energy, thereby eliminating dependency on conventional power resources. To
further achieve the effectiveness, the system comes packaged along with the solar tree and shall mill. The
solar tree features dual axis solar tracking where it maximizes the solar panel efficiency through the
adjustment of the position to track the sun movement during the day. Piezoelectric technology is quite useful
in highly trafficked regions. As a final application, the system appears in the Al traffic analysis. The acquired
output from all the three sources i.e. piezoelectric sensor, solar tree and the windmill is stored in a battery and
later utilized to analyze the real-time data and sophisticated algorithms to improve traffic flow and minimize
delays.

51 FUTURE SCOPE:

The proposed footstep energy generation system is full of future potential for further development and
incorporation into smart city infrastructures. With the improvements in piezoelectric material and energy
storage technologies, the system can be optimized to become more efficient, compact, and cost-effective.
Future advancements might involve real-time energy monitoring, 10T integration to enable smart grid
connectivity, and mass deployment across high-footfall locations such as metro stations, shopping malls, and
airports. Moreover, the integration of Al-powered energy optimization and user interaction platforms could
also augment system efficiency and community engagement toward making smarter, greener cities.
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