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Abstract - As the power requirements for microelectronics continue decreasing, environmental energy sources can begin to 
replace batteries in certain wearable subsystems. We aim to make a shoe power generator based on a micro structured 
piezoelectric polymer transducer. The properties of the transducer match regular shoe filling and it is designed to harness 
energy from human walk without affecting the user’s gait. The electronics are completely powered by the harvested energy 
from walking or running. The method of generating electrical voltage for charging an electronic gadget from the 
piezoelectric sensor that is fixed to the sole of the footwear is illustrated in this paper. 
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I. INTRODUCTION 
 
There are two types of piezoelectric signals that can 
be used or of technological applications. The direct 
piezoelectric effect that describes the ability of a 
given material to transform mechanical strain into 
electrical signals and the converse effect, which is the 
ability to convert an applied electrical solicitation into 
mechanical energy. The direct piezoelectric effect is 
more suitable for sensor applications, whereas the 
converse piezoelectric effect is most of the times 
required for actuator applications. Wearable sensors 
are becoming smaller and increasingly widely used, 
resulting in an increasing need for independent and 
compact power supplies. This has driven the 
development of wearable energy harvesters, which 
harvest the mechanical energy dissipated in human 
motion to provide renewable and clean energy. Of all 
the locations on a human’s body, the feet experience 
the highest levels of mechanical and kinetic energy 
during normal use. Therefore, it makes sense to 
embed energy scavenging with a conventional shoe. 
 
II. LITERATURE SURVEY 
 
 Many attempts have been made in the past to tap the 
mechanical force associated with walking, leading to 
the consideration of a host of technologies [1] ranging 
from the construction of various electromechanical 
generators [2,3] to the surgical placement of 
piezoelectric material in animals [4]. No system to 
date has served all of the needs of wearable power 
generating system —light weight, minimum effort, 
high power generation, convenient power delivery, 
and good power regulation.  
 
Previously, there has been a limited amount of 
piezoelectric, energy-harvested, shoe-mounted bio-
sensing systems. However, there has been research on 
energy-harvesting using piezoelectrics. Stacy Morris 
of MIT developed a wireless, shoe-based, gait 
analysis system. The system utilized Force sensitive 
resistors (FSRs) and PVDF transducers for sensing 
both static and dynamic forces. Responsive 

Environments Group at the MIT Media Laboratory 
created a system that utilized the energy harvested 
from two piezo transducers to broadcast RFID 
signals. Another system by Patrick Chirang, IEEE 
Member, supports energy capture from multiple 
excitation sources, which harvests energy from both 
pressure and bending. It uses two separate material 
configurations, one near the heel for pressure and the 
other along the length of the foot for bending 
movements. Thus, maximizing energy capture. Once 
this energy was captured the issue to harvest it arised. 
This paper presented us with a technique to store the 
energy generated. While their solution uses COTS 
piezoelectric harvesters, there are many other 
methods for energy harvesting. Provides a survey of 
some different methods, including electromagnetic, 
electrostatic, and more. Additionally, presents a shoe-
based energy-harvesting method using di-electric 
elastomers achieving 1˜20 mJ per step. They chose 
piezoelectric harvesters due to their COTS 
availability, small form-factor, and potential for 
mechanical energy capture. They’ve demonstrated a 
podiatric sensing shoe system that is powered 
completely   by the movement of the wearer. Off-the-
shelf electronics are used for energy- harvesting 
capability, and to obtain distribution data of foot 
pressure. Their system is also vertically integrated, 
including not only the hardware, but also the 
coordinated visualization and database back-end 
Since piezoelectric transducers produce electrical 
energy only by physical deflection, they sought to 
harness energy from both foot strikes and bending, 
using one rigid transducer and one flexible.  
 
Their ultimate goal was to capture otherwise wasted 
energy generated by the natural movements of 
walking, running, and general athletic activity. The 
complete prototype, including the energy harvesting 
and power circuitry, was able to sufficiently power 
the shoe system at different sensor capture rates, 
depending on the activity of the wearer. As it is, this 
paper focused mainly on podiatric sensing performed 
in order to obtain precise medical analysis Another 
paper on New Energy Harvesting Systems proposes a 
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new arrangement of four piezoelectric ceramic plates. 
The piezoelectric transducer they used is the 
conventional piezo-ceramic material. They we have 
realized a piezoelectric transducer for which a 
PZT+Nb piezoelectric ceramic element was used for 
low energy source build with piezoelectric circular 
and linear transducers. The ceramic element has the 
shape of a disk whose piezoelectric properties are 
previously known. 
 
These were designed in a circular shape and mounted 
on  circular copper plates. Due to their electric 
proprieties and small size, the piezoelectric linear 
transducers can be used in energy harvesting systems 
applications. The other design consisted of two longer 
plates as bases. On a same plate ceramic piezoelectric 
material are made of four identical areas, thus 
highlighting electric potential difference 
corresponding to each zone as a result of the takeover 
of vibration energy. They highlight electric potential 
difference corresponding to each zone’s applied 
stress. The other plate is coated uniformly and can be 
used for reference terminal (ground), while each of 
the four rectangular patches can be connected to an 
individual electrode. If the deformation of the 
ceramic plate is not uniform the electrodes might take 
different potential values and the piezo ceramic plate 
becomes an electrical generator with four different 
output voltages. If the plate is rigid and the 
deformations are identical, the four terminals provide 
equal output voltages. A multi-physics numerical 
simulation further illustrates such piezoelectric 
transducer operation. The numerical model was built 
and analyzed with Comsol Multi-physics, [5] The 
software has multiple post-processing functions, 
allowing the simulation of a testing program and the 
extraction of miscellaneous information, which 
cannot be always obtained by measurements on a 
physical model. By introducing a summing electronic 
block, as a part of system energy harvesting, can 
effectively take power from four piezoelectric 
transducers elements, simultaneously. 
 
III. DESIGN 
 
As wearable electronic devices evolve, there will be a 
growing need for more power delivery to distributed 
points around the human body. As more appliances 
are carried, we are forced to either use more small 
batteries that require replacement everywhere or run 
wires through our clothing to supply appliances from 
a central power source. Both are undesirable. The 
problem is the harvesting of energy generated by the 
microstructure piezoelectric film- one problem 
encountered is related to the shape of the 
piezoelectric film. This is why we use separate 
piezoelectric ceramic disks which are small in 
size.The main advantages of using separate ceramics 
instead of a single film is that polymer films are 
inflexible and cannot be fabricated in desired shapes 

and sizes easily. One more aspect to be considered is 
the electrodes used for transfer of energy. This is very 
important as the transfer rate greatly depends on it.  
An ideal shoe power generator harvests the power 
parasitically and does not affect user’s gait. The 
ceramic should therefore be soft and light weight to 
match the regular shock absorber properties, which is 
why, a sponge-like substance, is added for 
cushioning. 
 
The ceramics reported here have simple construction 
and are easily available and gives sufficient power 
output. The key breakthroughs are the employment of 
soft piezoelectric ceramics that matches the elastic 
properties of regular shoe fillings and the new dc/dc 
conversion circuit that is capable of 65% conversion 
efficiency for step up conversion from 1-3V to 5V, 
which is required to charging digital devices. In order 
to maximize the energy transfer to a charge or to a 
battery, a rectifying circuit is necessary in order to 
obtain a single polarity voltage. This circuit consists 
of a rectifier bridge based on four Schottky barrier 
diodes.  The circuit board  of  the  full  wave  rectifier  
is  then  connected  to   the piezoelectric element 
placed in the sole. The Voltage output is applied to 
RC Circuit to increase its time constant, so that we 
get a stable voltage for long time. The context in 
which we place our generator is that of a sport 
sneaker. This type of shoe differs from ordinary shoes 
in one important feature—its energy dissipating sole. 
While walking in ordinary "hard" shoes, the foot is 
rapidly decelerated from its relatively high downward 
speed to zero velocity relative to the ground—an 
action that requires the application of relatively large 
and sudden forces to the foot. The force applied to the 
foot to achieve this deceleration is an impulse. This 
impulse causes the foot to decelerate suddenly while 
the rest of the body is still moving. The force that 
stops the rest of the body’s mass is transmitted 
through the legs and compresses the knees and other 
joints. Thus, maximizing the mechanical force 
absorbed.For our power generation, we are using a 
piezoelectric material which is a Piezo-ceramic plate. 
It has piezoelectric material coated on a circular 
copper disc, which acts as one of the electrodes. 

 

 
Fig 1. Piezocermaic material 
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As and when pressure is applied to these discs, 
electric charge is generated across its terminals. The 
output is an alternating voltage, of generally high 
frequency. 

 
Fig 2. Block diagram showing testing of piezoelectric material 

 
A diode bridge is an arrangement of four (or more) 
diodes in a bridge circuit configuration that provides 
the same polarity of output for either polarity of 
input. When used in its most common application, for 
conversion of an alternating current (AC) input into 
direct current a (DC) output, it is known as a bridge 
rectifier. The essential feature of a diode bridge is that 
the polarity of the output is the same regardless of the 
polarity at the input. It is used here to increase current 
at output. Boost converter is DC to DC converter 
which step ups the voltage and according to it, it 
increases output current. Efficiency of converter is 
high (near about 98%) and hence very small amount 
of power loss in this module. 

 
Fig3.Implementation of circuit used to charge a mobile phone 

CONCLUSION 
 
From the several methodsavailable to integrate 
energy generating elements harvesting human energy 
and movement, piezoelectric materials associated 
with electrostatic generators seem to be one of the 
most promising elements. In particular, electro active 
polymers are particularly interesting due to their low 
cost, flexibility, and easy integration into elements 
such as clothes and shoes.We can conclude that we 
have successfully generated electricity to charge a 
device such as a mobile phone using piezoelectricity. 
This can produce the energy which is possible for a 
person of every age group. It is a positive step 
towards the green technology which is to be essential 
nowadays. 
 
REFERENCES 
 
[1] Bamberg, S.J.M.; Benbasat, A.Y.; Scarborough, D.M.; Krebs, 

D.E.;Paradiso, J.A., “Gait Analysis Using a Shoe-Integrated 
Wireless Sensor System,” Information Technology in 
Biomedicine, IEEE Transactions on, vol.12, no.4, 
pp.413,423, July 2008. 

[2] Shenck, N.S.; Paradiso, J.A., “Energy scavenging with shoe-
mounted piezoelectrics,” Micro, IEEE, vol.21, no.3, pp.30,42, 
May/Jun 2001. 

[3] Patrick C, Meier R, Nicholas Kelly, Almog O, “ A 
Piezoelectric Energy Harvesting Shoe System For Podiatric 
Sensing” by Student Member sand Members of IEEE, 
January 2015. 

[4] Lucian P.D, Laurenteu C.L, Ioana P, Ilina D.I, “New Energy 
Harvesting Systems Designed for Piezoelectric Transducers”, 
International Conference on Electrical And Power 
Engineering(EPE 2014), Lasi, Romania, October, 2014. 

[5] COMSOL Multiphysics v3.5 and v4.1, Multiphysics 
Modeling, Finite Element Analysis and Engineering 
Simulation Software © 1998-2013 COMSOLA 

 
 
 
 
 
 
 
 
 

 


