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Abstract - The Hybrid Piezo-Magnetic Energy 

Harvesting System is designed to convert mechanical 

energy generated from human footsteps into usable 

electrical energy by integrating piezoelectric and 

electromagnetic energy harvesting techniques. The 

proposed system utilizes eight piezoelectric discs of 

27 mm diameter along with two 100-turn 

electromagnetic coils to improve overall energy 

conversion efficiency and power generation. Electrical 

energy generated from both harvesting sections is 

rectified and stored in a rechargeable battery for later 

utilization. The stored energy can be effectively used for 

powering low-power applications such as LED lighting, 

sensor-based devices, LCD monitoring systems, and 

short-duration mobile charging demonstrations. Arduino 

Uno is used for system monitoring and control, while 

system performance and output characteristics are 

analyzed using Proteus simulation and Arduino IDE. 

Experimental results indicate that the hybrid system 

provides better output performance compared to 

standalone piezoelectric and electromagnetic harvesting 

methods. The proposed system offers a sustainable, cost-

effective, and eco-friendly solution for renewable energy 

generation in high-footfall areas such as railway stations, 

shopping malls, airports, and smart city infrastructures. 
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1. INTRODUCTION 

With the rapid increase in global energy demand and 

depletion of conventional energy resources, renewable 

energy harvesting has become an important area of 

research. Energy harvesting refers to the process of 

capturing and converting ambient energy sources into 

usable electrical energy. Among various energy sources, 

mechanical energy generated from human activities such 

as walking, running, and vibrations is widely available 

and can be effectively utilized  for  power  generation.  

Footstep  energy 

harvesting is an emerging technology that converts 

mechanical pressure from footsteps into electrical 

energy. High-footfall areas such as railway stations, 

airports, shopping malls, public walkways, and smart 

city infrastructures generate a large amount of 

mechanical energy daily, which can be harvested for 

useful applications. Piezoelectric energy harvesting 

works on the principle of converting mechanical stress 

into electrical voltage using piezoelectric materials and 

generally produces high voltage but low current. In 

contrast, electromagnetic energy harvesting operates 

based on Faraday’s Law of Electromagnetic Induction, 

where relative motion between a magnet and coil 

generates electrical energy, usually producing higher 

current with comparatively lower voltage. To overcome 

the limitations of individual energy harvesting 

techniques, this project combines both piezoelectric and 

electromagnetic methods into a hybrid energy harvesting 

system. The hybrid approach improves overall efficiency 

and output performance by utilizing the advantages of 

both technologies. The generated energy is rectified, 

regulated, and stored in a rechargeable battery for future 

use. This harvested energy can power low-power 

applications such as LED lighting, sensors, embedded 

devices, and other low-power electronic devices. 

Therefore, the proposed Hybrid Piezo-Magnetic Energy 

Harvesting System provides an efficient, sustainable, 

and environmentally friendly solution for energy 

generation from daily human activities. 

2. Body of Paper 

 
2.1 Literature Review 

Energy harvesting has gained significant attention as a 

sustainable solution for generating electrical energy from 

ambient sources such as vibrations, pressure, and 

motion. Various methods such as piezoelectric, 

electromagnetic, thermoelectric, and solar energy 

harvesting have been studied extensively. Priya and 

Daniel J. Inman reported that piezoelectric materials 

effectively convert mechanical stress into electrical 

energy with high voltage output and good conversion 

efficiency. Shad Roundy et al. studied vibration-based 
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energy harvesting systems and demonstrated their 

capability in powering low-power electronic devices and 

wireless sensor networks. Joseph A. Paradiso and Thad 

Starner presented energy scavenging techniques for 

mobile and wireless electronics, highlighting the 

importance of renewable energy harvesting in portable 

systems. Paul D. Mitcheson et al. discussed energy 

harvesting from human motion and machine movement 

for low-power wireless applications. Recent research 

indicates that hybrid energy harvesting systems 

combining piezoelectric and electromagnetic methods 

provide improved efficiency and better power output 

compared to standalone systems. Such systems are 

increasingly suitable for powering modern low-power 

embedded devices, IoT sensors, and smart monitoring 

systems. 

2.2 Proposed System 

The proposed Hybrid Piezo-Magnetic Energy 

Harvesting System converts mechanical energy 

generated from human footsteps into electrical energy 

using both piezoelectric and electromagnetic energy 

harvesting techniques. The system consists of eight 

piezoelectric discs of 27 mm diameter connected in 

parallel configuration to maximize output current and 

improve energy generation. These discs are strategically 

placed to receive maximum pressure during footstep 

application. The electromagnetic section consists of two 

copper coils, each having 100 turns, placed above and 

below the magnet assembly. Permanent magnets move 

relative to these coils when pressure is applied on the tile 

surface. This relative motion generates electrical energy 

based on Electromagnetic Induction. The hybrid 

arrangement improves energy harvesting performance 

by combining the high-voltage characteristics of 

piezoelectric discs with the higher current generation 

capability of electromagnetic harvesting. The generated 

AC output from both sections is rectified into DC voltage 

and stored in a rechargeable battery for future use in 

low-power applications. 

 

 

2.3 Block Diagram 
 

 

 

2.4 Hardware Setup 

The hardware setup of the proposed system consists of 

eight piezoelectric discs, two electromagnetic coils, 

permanent magnets, bridge rectifier circuits, 

rechargeable battery, Arduino Uno, and a 16×2 LCD 

display. The piezoelectric discs generate voltage under 

mechanical pressure, while electromagnetic coils 

generate electrical energy due to relative motion 

between the coil and magnet. Bridge rectifier circuits 

convert the AC output into DC voltage for usable 

electrical power. The generated electrical energy is 

filtered and stored in a rechargeable battery for future 

use. Arduino Uno is used for voltage monitoring and 

system control, while the 16×2 LCD display provides 

real-time output voltage monitoring. The complete 

hardware setup is designed to achieve efficient energy 

harvesting from human footsteps while maintaining low 

cost and practical implementation. 
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2.5 Working Principle 

The system operates by converting mechanical pressure 

generated from human footsteps into electrical energy 

using hybrid energy harvesting techniques. When a 

person steps on the tile surface, mechanical pressure is 

applied to the piezoelectric discs and electromagnetic 

assembly. Due to mechanical deformation, the 

piezoelectric discs generate electrical voltage. 

Simultaneously, movement of the permanent magnet 

relative to electromagnetic coils produces electrical 

energy through Faraday’s Law of Electromagnetic 

Induction. The generated AC output from both 

harvesting sections is passed through bridge rectifier 

circuits to obtain DC voltage. The rectified output is 

filtered and stored in a rechargeable battery for future 

use. Arduino Uno continuously monitors the system 

output and displays real-time voltage values on the LCD 

display. The stored energy can be utilized for powering 

low-power devices such as LEDs, sensors, and embedded 

systems. 

2.6 Simulation 

The proposed Hybrid Piezo-Magnetic Energy 

Harvesting System was simulated using Proteus 8 

Professional and Arduino IDE before hardware 

implementation to verify circuit performance and system 

functionality. The simulation setup consisted of Arduino 

Uno, a 16×2 LCD display, input switch, resistor 

network, and LED output indicator. The footstep 

pressure was simulated using a switch mechanism 

representing input from piezoelectric and 

electromagnetic harvesting sections. Arduino IDE was 

used for program compilation and verification. The code 

compiled successfully for Arduino Uno without errors. 

Memory utilization was efficient, with program storage 

usage of 4388 bytes (13%) and dynamic memory usage 

of 91 bytes (4%), indicating stable and optimized system 

performance. 

During simulation, two operating conditions were 

analyzed: 

1. POWER OFF Condition – No pressure 

applied; system remained inactive. 

2. POWER ON Condition – Footstep pressure 

applied; energy generation occurred and output 

voltage was displayed on the LCD. 

During simulation, the LCD displayed an output voltage 

of approximately 6.90V, confirming successful energy 

conversion and system monitoring. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.7 Result and Discussion 

The performance of the Hybrid Piezo-Magnetic Energy 

Harvesting System was evaluated under three different 

footstep pressure conditions: light press, normal step, 

and full body weight. The output voltage, current, and 

power were measured and analyzed to evaluate the 

system’s energy harvesting capability. Experimental 

observations indicate that system performance improves 

with increased footstep pressure, as higher mechanical 

force generates greater deformation in 
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piezoelectric discs and increased magnet movement in 

the electromagnetic section, resulting in improved 

electrical output. 
 

 

 

 

 

 

The results show that output voltage, current, and power 

increase proportionally with applied pressure. Under 

light press conditions, the system generated 3.2 V with 

12 mA current and 38.4 mW power output. During 

normal walking conditions, output increased to 5.1 V, 22 

mA current, and 112.2 mW power. Under full body 

weight conditions, the system achieved maximum output 

of 7.2 V and 35 mA current, producing 252 mW power. 

These results confirm that higher mechanical pressure 

improves energy harvesting performance, as increased 

force enhances both piezoelectric deformation and 

magnet displacement in the electromagnetic section. The 

hybrid configuration demonstrated significantly better 

output performance than standalone piezoelectric or 

electromagnetic harvesting methods due to the combined 

advantages of higher voltage generation from 

piezoelectric discs and improved current generation 

from electromagnetic harvesting. 

From the comparison table, it is observed that the hybrid 

system provides significantly higher power output 

compared to individual harvesting techniques. This 

proves that integrating piezoelectric and electromagnetic 

harvesting improves overall system efficiency and power 

generation capability. The harvested energy can be stored 

in a rechargeable battery and utilized for low-power 

applications such as LED lighting, LCD monitoring, 

sensor-based embedded systems, and other low-power 

electronic applications. For your paper, I recommend 

avoiding “mobile charging” unless you actually 

demonstrated it in hardware, because 252 mW is 

generally too low for practical phone charging. 

 

3. CONCLUSIONS 

 

The Hybrid Piezo-Magnetic Energy Harvesting System 

was successfully designed and implemented to convert 

mechanical energy generated from human footsteps into 

usable electrical energy. The system combines eight 

piezoelectric discs of 27 mm diameter and two 

electromagnetic coils with 100 turns each to improve 

overall energy harvesting efficiency. The hybrid 

configuration effectively combines the high-voltage 

output characteristics of piezoelectric harvesting with 

the higher current generation capability of 

electromagnetic harvesting. Experimental results 

demonstrated that the system generated 3.2 V under 

light press conditions, 5.1 V during normal step 

conditions, and 7.2 V under full body weight conditions. 

The maximum output current achieved was 35 mA with 

power output reaching 252 mW. Comparative analysis 

showed that the hybrid system performs significantly 

better than standalone piezoelectric and electromagnetic 

harvesting methods. The harvested energy can be stored 

in a rechargeable battery and utilized for low-power 

applications such as LED lighting, LCD monitoring, and 

embedded sensor systems. This system provides a cost-

effective, sustainable, and environmentally friendly 

solution for renewable energy generation in high-footfall 

locations such as railway stations, shopping malls, 

public walkways, and smart city infrastructures. Future 

improvements may include increasing the number of 

piezoelectric discs, optimizing coil design, enhancing 

battery storage efficiency, and integrating IoT-based 

wireless monitoring for smart energy management. 
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