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Abstract— In this paper, an electrical model of the piezoelectric system is represented. In addition, a prototype model is 
implemented where an array of piezo buzzers was connected in parallel and the output of this array is rectified and regulated 
and given to a PIC controller. The regulated output is fed into a PIC controller. On the application of pressure to the piezo array 
the PIC is programmed to derive two outputs. One of which is a constant output of 5V and the other is a  Pulse width modulated 
signal (PWM) of frequency 25 KHz. The constant 5V is given to a Boost Circuit to obtain a voltage of 8-9.6V which is stored 
in a Neon Rechargeable battery. The rechargeable battery is used to power the lights. 
 
Index Terms— Piezosensors, PIC Controller, PWM Signal, Rechargeable Battery. 
 
I. INTRODUCTION 
 
At present, electricity has become a lifeline for human 
population. Accordingly, it is an objective of the 
present invention to provide a method of electrical 
power generation from increasing human population 
that does not negatively impact the environment. This 
technology is based on a principle called the 
piezoelectric effect, in which certain materials have 
the ability to build up an electrical charge from having 
pressure and strain applied to them.[1] Piezoelectricity 
refers to the ability of some materials to generate an 
electric potential in response to applied pressure[2]. 
Energy which is already available if not utilized, it 
goes a waste. Hence energy can be harvested by this 
technology. Embedded piezoelectric material can 
provide the magic of converting pressure exerted by 
the moving people into electric current. 
The advantages of this system are  
 Generating energy with the help of pressure 
 Ability to reduce the dependence on energy grid 
 Generate the energy that one requires by 

themselves. 
 
By using these methods, electricity will be generated 
throughout the year without depending on other 
factors.Once it was set up than no need of manpower 
during power generation and to store the electricity in 
dc rechargeable source until it get disturbed[3]. 
The generated voltage is of AC type which is rectified 
using an Analog to Digital (ADC) converter and later 
stepped up using a Boost converter. This is stored in a 
battery. The stored energy is used to power the street 
lights. As LEDs have an increasing demand these 
days, it is a better option to use them. Since the current 
generated is in microamperes, it is not sufficient to 
power the charging circuit. Hence a PIC controller is 
programmed to give a constant 5V and a PWM signal 
of 28 KHz as their output to represent a prototype 
model of the real-time system which works in 

milliamperes. A Relay switch is used to power and 
control the input to the Boost circuit depending on 
when the pressure is applied. This is stored in a 
rechargeable battery which is used to power the street 
lights.[4] 
One of the method of storing electric energy generated 
is by a monolithic lead ziconatetitanite (PZT) 
piezoceramic. The amount of power that one particular 
PZT device can generate has been estimated and is 
verified to be much smaller than what is required for 
the operation of most electronics in real time 
applications. However, when identifying the ideal 
storage method, the time required by PZT to charge 
power storage devices must be taken into account for 
the electronics intended to be powered. In addition, the 
low efficiency performance of both the PZT and the 
circuit has been identified as a critical issue [5],[8]. 
The proposed model is as shown in the Figure 1. In 
this paper, the technology is based on a principle 
called the piezoelectric effect. It consists of piezo 
electric material, where mechanical pressure is applied 
from an external source and the corresponding 
vibrations are transferred to the piezo material.The 
source of pressure can either be vehicles moving on 
top of the structure where piezoelectric material has 
been placed or people walking on it. 
Piezoelectricity refers to the ability of some materials 
to generate an electric potential in response to applied 
pressure. The voltage that is generated from the piezo 
electric material is of alternating type. The generated 
alternating voltage has to be rectified using an AC to 
DC converter. The rectified DC voltage must be 
stepped up using a Boost converter, a type of DC to 
DC converter. These two converters are represented in 
the Static Converter block.  
The Boost converter is designed depending on the 
specifications of the battery used in the next 
block,.The Storage Element consists of a battery in 
which the DC voltage generated is stored. The battery 
intended to be charged was placed in parallel with the 
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capacitor, at the output of the  
 

 

Fig. 1. Block diagram representation of the proposed model 

static converter during night time, the stored energy is 
used for street light application. 
 
II. NALYSIS OF PIEZO ELECTRIC MODEL 
REPRESENTATION 
 
The characteristic equation that governs all 
piezoelectric devices relates pressure (force per unit 
area) and electric devices. Equation (1) shows the 
relation.  

퐷 = 	 푑 ∗ 	휎 = 	 푑                     (1) 
Where, 
퐷 is the Electrical Diplacement, 
푑 is the Piezoelectric Constant, 
휎 is the Mechanical Stress, 
F is the Force and 
A is the Area. 
A. Electrical model  
 

 
Fig 2. Piezoelectric material equivalent circuit model 

 
The equivalent electrical circuit model is shown in 
Figure 2. The equivalent circuit element equations at 
electromechanical resonance is given in Equations. (2), 
(3) and (4). 

푅 = 	 = 	퐾 휂    (2) 

퐿 = 	 = 	 푘 휌    (3) 

퐶 = 	 = 	 푘 = 	 푘 푠 (4) 
Where, 
c is the Elastic constant, 
s is the Compliance co-efficient, 
e is the Piezoelectric stress constant, 
l is the Height of the model, 
휌 is the Surface Mass Density and  
η is the Viscosity. 
퐶 = 	  (5) 

III. HARDWARE IMPLEMENTATION 
 
A. Characteristics of piezoelectric buzzer 
When a single buzzer with connected leads was 
subjected under pressure, [6],[7] the voltmeter 
connected across the leads, showed a reading ranging 
from 1.2V to 24V. Figure 3 shows the relation between 
the applied force on the buzzers and voltage generated 
across them. It is directly proportional to each other. 

 
 

 
Fig.3 Applied force v/s voltage characteristics 

 
B. TEST CASE – 1 
 
 

 
Fig.4. Test case - I 

 
The Test Case - 1 was set up and is as shown in block 
diagram representation given in Figure 4. Initially 10 
number of PZT buzzers were connected in parallel to 
record the current generated from them. A load was 
connected across the setup. The pressure was applied 
by footsteps and the series ammeter readings were 
recorded. Later, the number of piezoelectric sensors 
connected in parallel were increasedand the 
corresponding current obtained was tabulated as 
shown in Table.1. 
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Table 1: Comparison between number of 
piezosensors and current 

 
 
C. OBSERVATIONS AND LIMITATIONS: 
It was observed from the Table.1, of Test Case - 1, that 
when the pressure was applied to the buzzers 
connected in parallel, it did not reach 1milliampere 
current. When connected through static converter, the 
output further decreased. This magnitude of micro 
amperes is not sufficient to power the street lights. As 
mentioned earlier, this was the limitation for the 
application of the low powered buzzers in real time 
electronic applications. In order to overcome this 
limitation and boost the current at the output, a 
constant current Integrated Chip is used. The feature of 
a constant output current IC is to enhance the current 
from microamperes to milliamperes. The DC to DC 
converter requires milliamperes for boost operation.  
 
D. SUGGESTIONS MADE FOR REVISED 
MODEL: 
Depending on the availability of the components, the 
model was revised, to satisfy the application of the 
piezoelectric sensors. It was required to operate the 
system in milliamperes in order to charge the battery. 
There was a need for a controller, which can operate 
with a trigger of micro amperes. Hence a revised 
prototype model is developed as shown in Test Case 2. 
 
IV. REVISED MODEL (TEST CASE 2) 
 
The block diagram representation is shown in Figure 5.  
The piezo sensors connected in parallel generates 
alternating voltage. The alternating voltage is rectified 
to direct voltage and regulated. The regulator output 
carries micro amperes current. The controller block 

senses the microamperes current and the regulator 
output voltage and is programmed to get a constant 5V 
DC at its output as well as gating pulses of 28KHz 
frequency. The 5V DC is used to power the relay. 
Relay is used to turn ON the BOOST circuit. The 
output of the BOOST circuit is stepped up to a value 
that is used for charging the rechargeable battery. 
 
A. PIEZO BUZZERS AND RECTIFIER 
Around 80 Piezo buzzers are connected in parallel, to 
generate a current of around 250 micro amperes, with 
voltage ranging between 1.5 to 12 V. This current and 
voltage is alternating in nature. The alternating voltage 
is rectified through a rectifier and the rectified DC 
output is given to a regulator. 
 
B. REGULATOR 
IC 7805 is a DC regulated IC of 5V. It is a three pin 
device, mainly called as input, output and ground. The 
ground terminal is otherwise called as common 
terminal. 
 
C. PIC CONTROLLER 
PIC controllers are electronics circuits that can be 
programmed to carry out a certain task that is desired 
by the user. Here, PIC16F87XA microcontroller is 
used which is a 40 pin IC. The programmer used is 
MpLab software. The voltage regulated input is fed to 
the ANO pin which has an in-built ADC converter. The 
A/D module has 4 registers out of which, ANO register 
controls the operation of A/D module. There are two 
outputs generated and are as follows: 
1) From RC2: 

A PWM output is generated of 28 KHz frequency 
and is shown in Figure 6. . The following steps should 
be taken when configuring the CCP module for PWM 
operation: 

(i) Set the PWM period by writing to the PR2 
register. 

 

 

 
Fig 5. Block diagram of the revised model 
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Fig 6. PWM Output 

 
(ii) Set the PWM duty cycle by writing to the 
CCPR1L register and CCP1CON<5:4> bits. 
(iii) Make the CCP1 pin an output by clearing the        
TRISC<2> bit 
(iv)Set the TMR2 pre-scale value and enable Timer2 
by writing to T2CON. 
(v) Configure the CCP1 module for PWM operation. 

2) From RDO:  
It is a digital I/O pin which has been programmed to 
give a constant 5V output. 
 
D. RELAY SWITCH 
Relay is an electromechanical device which is used to 
operate a pair of movable contactsinorder to operate 
another circuit.  When a relay contact is normally open 
(NO), the contacts remain open at its initial state. 
When a relay contact is Normally Closed (NC), the 
contact remains closed. In either case, by energizing 
the relay coil, applying electrical current to the contacts 
will change their state. The advantage of relay is that it 
takes relatively low amount of power and controls the 
circuit operation. A typical relay circuit is shown in 
Figure 7. It uses a NPN transistor as a switch for 
energizing the relay coil. Depending on the input 
voltage level, when the Base voltage of the transistor is 
zero (or negative), the transistor is in its cut-off region 
of operation and acts as an open switch. In this 
condition the Collector current is zero and the relay 
coil is de-energized. The input to the relay is fed from 
PIC controller output. When the relay coil is energized 
and the contacts are closed. The output voltage is fed to 
the Boost circuit.   
 

 
Fig7. RELAY SWITCH 

 
E. BOOST CONVERTER 
A boost converter (step-up converter) is a DC-to-DC  
converter with an output voltage greater than its input 

voltage. It is a class of switched-mode power supply 
(SMPS) containing at least two semiconductors (a 
diode and a transistor) and energy storage element. 
Filters made of capacitors are normally added to the 
output of the converter to reduce output voltage ripple. 
The basic principle of a Boost converter is explained in 
two distinct states and its equivalent circuit diagram is 
as shown in Figure 7. 

• In the On-state, the switch S is closed, resulting in 
an increase in the inductor current; 

• In the Off-state, the switch is open and the only 
path offered to inductor current is through the fly-back 
diode D, the capacitor C and the load R. This results in 
transferring the energy accumulated during the 
On-state into the capacitor. The voltage to the Boost 
converter is fed from the relay circuit. The converter 
output is now used to charge the rechargeable 
battery.In electronics, a driver is an electrical circuit or 
other electronic component used to control another 
circuit or component, such as a high-power transistor. 

 

 
Fig 7. Boost converter 

 
F. RECHARGEABLE BATTERY 
A Neon 9000mAh Rechargeable Battery is used to 
store the energy generated. 
 
V. RESULTS AND OBSERVATION 
 
The hardware was implemented. When the pressure 
was applied on the piezo-buzzers using footsteps, the 
current generated was in microamperes and the voltage 
across them was in the range of 1.2 – 24V. This 
triggered the PIC controller and generated a constant 
5V DC. This when given to the Boost converter, the 
voltage was stepped up to 9.2 V which is used for 
charging the Neon Battery which was used to glow the 
prototype model of low power LEDs. 
All the results are shown in Figures 8 to 11. Piezo array, 
with 160 piezo cells connected in parallel is shown in 
Figure 8. The applied pressure by footstep is shown in 
Figure 9. The hardware module set up is shown in 
Figure 10. 

 

 
Fig 8.    Piezo array 
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Fig 9. Applied pressure by footstep 

 

 
Fig 10. Hardware module set up 

 

 
Fig 11. Spikes when pressure is applied 

 
CONCLUSION AND FUTURE SCOPE 
 
In this paper,the results confirms a relation between the 
pressure applied and the voltage generated. A 
prototype model of street lighting system was 
developed, powered from the output of piezoelectric 
energy system. Piezobuzzers could only generate 
current inmircoamperes. This was sufficient to trigger 
the PIC controller to produce two outputs consisting of 
constant 5V DC output and PWM of 28KHz. The 5V 

was given to the Boost circuit controlled by a Relay. A 
Buffer and Driver circuit were used to drive the 
MOSFET. This was given to the Neon battery to 
charge upto 9.2V. This work can be extended for real 
time applications with the help of piezosensors of 
higher capacity. These sensors produce current in the 
range of milliamperes. Better set of ICs can be used in 
combination based on the output of these sensors.  
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