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Abstract— The work undertaken focuses on the design, development, and implementation of a
footprint-based energy harvesting system, aimed at harnessing renewable energy from
everyday human activities This project focuses on designing and implementing a footprint-
based energy harvesting system that converts human footsteps into usable electrical energy
using piezoelectric plates. These plates, arranged beneath a robust walking platform, deform
slightly under pressure, generating electrical charges. The small amounts of AC voltage
produced are converted to DC using a bridge rectifier and stored in rechargeable batteries.
Voltage regulators, capacitors, and transformers ensure safe and stable storage. A
microcontroller monitors key parameters like voltage, current, and energy generation in real-
time. The modular design allows scalability, making it suitable for areas like public walkways
and institutions. The harvested energy, though small, is enough to power devices like LEDs,
mobile chargers, and clocks. This prototype supports green infrastructure and educates on
renewable energy. It promotes the use of micro-energy systems and paves the way for smart city
applications, standing as a small yet impactful step toward sustainable, decentralized energy
system

Index Terms—Energy, LED, Generation, Power, Harvesting, Regulator.

1. INTRODUCTION

This project focuses on designing and implementing a footprint-based energy harvesting system that converts
human footsteps into usable electrical energy using piezoelectric plates. These plates, arranged beneath a robust
walking platform, deform slightly under pressure, generating electrical charges. The small amounts of AC
voltage produced are converted to DC using a bridge rectifier and stored in rechargeable batteries. Voltage
regulators, capacitors, and transformers ensure safe and stable storage. A microcontroller monitors key
parameters like voltage, current, and energy generation in real-time. The modular design allows scalability,
making it suitable for areas like public walkways and institutions. The harvested energy, though small, is enough
to power devices like LEDs, mobile chargers, and clocks. This prototype supports green infrastructure and
educates on renewable energy. It promotes the use of micro-energy systems and paves the way for smart city
applications, standing as a small yet impactful step toward sustainable, decentralized energy system.
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This project aims to design and implement a functional prototype of a footprint-powered energy harvesting
system using piezoelectric plates. The design ensures durability, safety, and sensitivity to effectively capture
energy while withstanding repeated human traffic. The modular architecture allows for easy scalability, so the
system can be expanded to larger areas depending on energy requirements [1][2].

In addition to its practical applications, this technology has great potential in raising public awareness about
renewable energy and energy conservation. It turns passive infrastructure into active contributors to the energy
grid and promotes the idea of smart environments—where buildings and public spaces not only consume energy
but also produce it. Moreover, it opens up new avenues for energy generation in remote or off-grid locations
where access to traditional electricity sources is limited. The goal of this project is not only to prove the concept
but also to demonstrate that sustainable energy can be generated through the kinetic energy we produce
unconsciously every day. By successfully implementing this system within a localized environment—such as an
educational institute or public building—it becomes a step forward in promoting environmentally responsible
innovation and building a foundation for smart, self-sustaining infrastructure in the future [3][4].

II. OBJECTIVE / AIM OF THE PROJECT WORK

The primary aim of this project is to design, develop, and successfully implement a prototype system that utilizes
piezoelectric materials to harvest mechanical energy generated from human footsteps and convert it into usable
electrical energy. This system aims to demonstrate a practical and environmentally friendly method of micro-
energy generation, highlighting the potential of everyday human activity as a renewable energy source. The
project emphasizes the integration of energy conversion, regulation, storage, and monitoring into a compact,
modular, and scalable platform that can be installed in highfootfall areas such as educational institutions, public
transportation hubs, shopping malls, and commercial buildings. The broader aim is to support the global
movement toward sustainable development by exploring alternative sources of green energy and raising public
awareness about the feasibility of energy harvesting technologies [5][6].

III. LITERATURE SURVEY

Piezoelectric materials are extensively researched for their ability to convert mechanical pressure into electrical
signals, making them ideal for energy harvesting and smart switching systems. Studies have shown that
piezoelectric discs generate small alternating voltages when stressed, which can be rectified and stored.
Demonstrated that a full-wave bridge rectifier using diodes like 1N4007 is effective for converting the piezo’s
AC output into a usable DC signal. This rectified signal, when filtered using a capacitor-resistor combination,
produces a smoother voltage suitable for microcontroller input. Arduino boards are often used in such systems
due to their flexibility in analog signal reading and digital control Arduino can read voltage from sensors and
trigger actions such as lighting a bulb. In this project, the filtered DC voltage is fed into analog pin A0 of the
Arduino Uno, which processes the signal and compares it against a threshold. If the voltage exceeds the
threshold, the Arduino sends a HIGH signal through pin 8 to drive a BC547 NPN transistor. Literature supports
the use of BC547 for switching low-power devices, acting as an interface between Arduino and external loads
like bulbs. Additionally, to enhance user interaction, an I2C LCD is used to display the live piezo value and bulb
status, connected through pins A4 (SDA) and A5 (SCL). Recent studies also highlight the integration of such
piezo-Arduino systems in real-time applications like smart floors, energy-saving walkways, and footstep-
powered street lights [7][8]..

IV. OUTCOME OF THE PROJECT

» The expected outcomes of footprint power generation using piezoelectric plates include the successful
conversion of mechanical energy from foot traffic into usable electrical energy,

» contributing to a sustainable and eco-friendly power source. This technology is anticipated to provide a
reliable, low-maintenance solution for powering small-scale applications such

» as LED lights, sensors, and other low-power devices in high-footfall areas. Additionally, it is expected to
promote energy awareness and innovation in urban infrastructure by

» integrating energy-harvesting systems into everyday environments like sidewalks, train stations, and
commercial buildings. The implementation of such systems may also offer

» valuable real-time data on pedestrian movement, supporting smart city development and efficient space
utilization. Overall, this approach aims to enhance energy efficiency while reducing dependency on
conventional power sources.
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V. DESIGN CONCEPTS GOING TO BE USED

The project is designed to convert mechanical energy (pressure or vibration) into electrical energy using a
piezoelectric disc. When force is applied to the disc, it generates a small AC voltage. This AC output is passed
through a bridge rectifier made using four 1N4007 diodes, which converts the signal to DC voltage. A capacitor
and resistor are used to filter and smooth the output, ensuring stable voltage is available for sensing. This DC
voltage is then fed into the analog input pin A0 of an Arduino Uno, which continuously monitors the voltage
level. Based on a predefined threshold, the Arduino makes decisions. If the input voltage exceeds the threshold
(indicating a valid pressure event), it sends a HIGH signal to digital pin 8 to activate a BC547 transistor. The
transistor acts as a switch and allows current to flow, thereby turning ON a connected bulb. At the same time,
the Arduino communicates with an 12C-based LCD display, showing real-time data such as the piezo voltage
and bulb status. The LCD is connected using pins A4 (SDA) and AS (SCL). The overall concept combines
energy harvesting, threshold detection, transistor switching, and realtime monitoring, making it suitable for smart
control and automation applications like footstep power systems, intelligent lighting, or smart surfaces [9][10].

VI. ALGORITHM / FLOW CHART / DFD

The overall working principle of the mini-project work has to be present here. The working principle of this
project is based on the piezoelectric effect, where a piezoelectric disc generates electrical energy when
mechanical pressure is applied to it. This pressure-induced vibration creates an alternating (AC) voltage output
from the piezo disc. Since the Arduino and other components require direct current (DC), the AC voltage is
passed through a bridge rectifier using four 1N4007 diodes to convert it into pulsating DC. A capacitor-resistor
filter is then used to smooth the output and remove ripples, producing a steady voltage. This filtered voltage is
connected to the analog pin A0 of the Arduino Uno, which continuously reads the signal. The Arduino compares
the piezo voltage against a set threshold value. If the voltage is higher than the threshold, it sends a HIGH signal
to digital pin 8, which drives the BC547 transistor into conduction. This transistor acts as an electronic switch
and allows current to flow through the connected bulb, turning it ON. At the same time, an [2C LCD display
connected to the Arduino shows real-time piezo readings and the ON/OFF status of the bulb. If the voltage falls
below the threshold, the bulb turns OFF, and the LCD updates accordingly. This system effectively demonstrates
how pressure can be converted into electrical signals and used for intelligent control applications [11][12].

VII. PROPOSED BLOCK DIAGRAM AND CIRCUIT DIAGRAM

In this section, draw the block-diagram used or the circuit diagram that you have used in the project and explain
in brief the diagram with all the components involved in it. A brief explanation about block diagram and
working principle of mini-project should be presented here. The Fig. 2 gives the block-diagram of the proposed
methodology of the mini project work [13][14].

MECHANICAL PRESSURE

ON PIEZO DISC
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Bridge Display
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Figure 1. Flow-chart of the methodology used & the block-diagram of the proposed methodology

Block 1 gives the information about piezo electric disk
Block 2 gives the information about Bridge rectifier
Block 3 gives the information about LCD Display
Block 4 gives the information about Filter circuit
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» Block 5 gives the information about BC547 transistor
The overall circuit diagram of the proposed undergraduate mini-project work is shown in the Fig. 2. (Detailed
explanation to be presented regarding design, how the circuit works, etc...) [15][16].

VII. PROPOSED RESEARCH METHODOLOGY
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Fig. 2: Snapshot of the project work done & implemented & Flow-chart of the methodology used

The Fig. 2 gives the snapshot of the project work done & implemented & flow-chart of the methodology used.
The project began with selecting the required components: a piezoelectric disc, four 1IN4007 diodes for a bridge
rectifier, a capacitor and resistors for filtering, a BC547 NPN transistor for switching, an Arduino Uno
microcontroller, an 12C LCD display, and a small DC bulb. The piezo disc was connected to the bridge rectifier
to convert the AC voltage generated by mechanical pressure into DC. A capacitor resistor network was added to
smooth the output voltage. This filtered voltage was then connected to analog pin A0 of the Arduino. The
Arduino was programmed to read the piezo voltage and compare it with a set threshold. If the voltage exceeded
the threshold value, the Arduino sent a HIGH signal to digital pin 8, which activated the BC547 transistor. This
allowed current to flow through the bulb, turning it ON. The status of the piezo voltage and the bulb was also
displayed on an I2C-based LCD connected to pins A4 (SDA) and A5 (SCL). The entire setup was assembled on
a breadboard, and the system was powered using the Arduino’s 5V and GND lines. After building the circuit, it
was tested by applying pressure to the piezo disc and observing the response on the bulb and LCD. Adjustments
were made to the threshold in the code to match real-world sensitivity. The methodology ensured a step-by-step
approach to building a working energy-harvesting and control system using simple, lowcost components. The
development of this project follows a systematic approach to design, assemble, and test a system that converts
mechanical energy from footsteps into usable electrical energy using piezoelectric technology [17][18].

VIII. OVERALL WORKING OF THE PROJECT

The project is designed to demonstrate energy harvesting and intelligent control using a piezoelectric disc and an
Arduino-based switching system. When pressure is applied to the piezo disc—such as by a footstep—it
generates a small AC voltage due to the piezoelectric effect. This AC voltage is converted into DC using a
bridge rectifier made from four 1N4007 diodes. The output is then filtered with a capacitor-resistor network to
provide a stable voltage. This filtered voltage is fed to the analog pin A0 of the Arduino Uno, which reads the
input and compares it against a predefined threshold level. If the sensed voltage is greater than the threshold, it
indicates a valid pressure event. The Arduino then sends a HIGH signal from digital pin 8 to activate a BC547
NPN transistor, which acts as a switch and turns ON a connected bulb. At the same time, the Arduino sends data
to an 12C LCD display, showing the real-time piezo voltage and bulb status (ON/OFF). If no pressure is applied
or the voltage is below the threshold, the bulb remains OFF. This system effectively converts mechanical energy
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into a usable signal for automation, providing a low-cost, real-time, and interactive control solution that can be
applied in smart footpaths, energy-saving devices, or human-triggered lighting systems [19].

IX. EXPERIMENTAL RESULTS

The project was implemented successfully using both simulation and experimental methods. When pressure was
applied to the piezoelectric disc, it generated a small AC voltage, which was converted to DC using a bridge
rectifier. The filtered DC voltage was then processed by the Arduino Uno, which accurately read the analog
input through pin AO. In real-time testing, when the piezo output exceeded the threshold (typically around 2-3V
depending on the pressure), the Arduino sent a signal to activate the BC547 transistor, which in turn switched
ON the bulb. The LCD display effectively showed the live piezo voltage and updated the bulb status to ON or
OFF based on the input [20].

X. CONCLUSIONS

In conclusion, footprint power generation using piezoelectric plates represents a forward-thinking and
environmentally conscious approach to addressing the growing demand for sustainable energy. By capturing the
mechanical energy produced by human footsteps and converting it into electrical power, this technology makes
effective use of an abundant and otherwise wasted energy source. It is especially suited for high-traffic urban
environments such as train stations, shopping malls, schools, and public walkways, where the constant
movement of people can be harnessed to generate electricity for lighting, sensors, and other low-power
applications. Beyond its practical benefits, this form of energy harvesting promotes greater awareness of
renewable energy technologies and encourages innovation in smart city infrastructure. The integration of
piezoelectric systems into everyday settings not only helps reduce reliance on fossil fuels but also supports the
creation of intelligent systems that can monitor foot traffic and improve energy efficiency. While it may not yet
be a large-scale power solution, its scalability, low maintenance, and eco-friendly nature make it a valuable
complementary energy source. As research and development continue to advance, footprint power generation
has the potential to play a significant role in the future of urban sustainability and green technology.
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