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Abstract 
 

Nowadays renewable energy sources play a significant role in the energy harvesting. For the past decade various energy harvesting 

methods have been discussed by researchers for capturing the energy from different sources. From the survey, one of the most prominent 

methods is the use of piezoelectric transducers for harvesting the energy. It is known that piezoelectric energy harvesting is the easiest 

method of energy harvesting from the various sources available such as human walking, dancing etc. Therefore this method can be im-

plemented in system for wide variety of applications. The piezoelectric transducer AC output is of very low voltage and power and hence 

insufficient to drive any electrical application. Most of the small scale electrical application generally runs on the DC voltage, therefore 

the AC voltage obtained from the piezo transducer vibration is rectified using rectifiers to generate DC voltage. Thus in this paper, a 

modified rectifier AC/DC converter with the combination of an inductor is placed in the rectifier, which enhances the voltage and power 

from the rectifier output. In order to enhance the voltage rating, a DC/DC converter has been added at the end of a rectifier circuit. From 

the simulation results the proposed circuit modified rectifier has improved the output voltage as well as output current by 10.19 volts and 

0.1019 amps respectively for input voltage of 5V. When compared with conventional rectifier circuit. 
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1. Introduction 

Generally abundant quantity of ambient energy such as heat flows, 

visible light, physical motion are existing in and around us, which 

can be transformed into a valuable amount of electrical energy. 

Out of these energies, the most prevalent generated electrical en-

ergy is through the process of mechanical to electrical energy in 

the form of vibration which was described by Beeby et al. [1]. 

Usually, vibration energy harvesting uses transducers to harvest 

small-scale ambient energy. As we know that in electromagnetic 

converters, voltage is generated by voltage by moving a coil rela-

tive to a fixed magnetic field [2]. In the electrostatic converters, 

energy is generated by changing the distance between the conduct-

ing plates placed due to vibrations in the variable capacitor. The 

piezoelectric converter consists of mechanical to electrical and 

electrical to mechanical converters. In the mechanical to electrical 

energy conversion the energy harvesting circuits are usually ap-

plied [3]. The generated output power ranges from hundred micro-

Watts to several milli-Watts. When applied in the real time appli-

cation, the acceleration level of ambient vibration is relatively low, 

hence it is not compatible with conventional rectifying circuit. It is 

defined that energy harvesting is a process of capturing small 

amounts of energy being lost in the form of heat, light, sound, 

vibration or movement. These ambient vibrations are transformed 

in to electrical energy using piezoelectric materials. This can be 

stored and used to power other devices. Several research papers 

have discussed harvesting of piezoelectric energy using rectifier 

circuits with larger input voltage [4, 5, 6]. This paper focuses on 

proposing a piezoelectric energy harvester that can tap human 

potential into alternating current (AC) due to the occurrence of 

distortion in the piezoelectric element using full bridge rectifier 

[7], [8]. But, the piezoelectric energy circuit using only one recti-

fier as an interface circuit cannot obtain the electrical energy effi-

ciently because of “energy return phenomenon” where the electri-

cal energy returns to the vibration energy in each cycle [9]. It is 

known that piezoelectric energy circuit designed using a half wave 

rectifier cannot be connected to a switched-inductor, hence the 

switched-inductor is usually used in a piezoelectric energy circuit 

with full-wave rectifier [10], [11]. In this work, a modified rectifi-

er based energy harvesting circuit has been demonstrated to per-

form better harvesting than the classic rectifier based piezoelectric 

energy harvesting circuit.  The MATLAB-Simulink software is 

used of the conventional rectifier and proposed modified full wave 

rectifier for comparative analysis. 

2. Piezoelectric Energy Harvester 

A rare characteristic of particular crystalline minerals was discov-

ered by Jacques and Pierre Curie in 1880, i.e., when crystalline 

minerals were subjected to a mechanical force, the crystals be 

became electrically polarized. Most of the piezo type materials 

such as lead zirconate titanate; piezo-ceramic etc. is used in the 

energy harvesting applications. When an input vibration is applied 

onto a piezoelectric material, mechanical strain develops across it, 

which in turn results in the form of electrical charge [12]. From 

the analysis for power generation, the commonly used piezoelec-

tric material is Lead-Zirconate-Titanate (PZT). The Fig.1 repre-
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sents an equivalent circuit of the piezoelectric harvester, where a 

mechanical spring mass system is being coupled to an electrical 

domain. Here, LM represents the mechanical mass, CM the me-

chanical stiffness and RM takes into account the mechanical losses. 

A transformer couples the mechanical domain to the electrical 

domain to generate current from strain.  

 
Fig. 1: Equivalent circuit of piezoelectric harvester [12]. 

 
On the electrical side of the Fig. 1, the plate capacitance of piezoe-

lectric material is represented as Cp. The entire circuit can thus be 

transformed into the electrical domain. In this electric domain, the 

piezoelectric element excites due to sinusoidal vibrations on the 

piezoelectric element is generally modeled as a sinusoidal current 

source connected in parallel with a capacitance Cp and resistance 

Rp. The most challenging part with this type of a power generator 

circuit relates to process of design and construction. This circuit is 

used to harvest the energy from the PZT membrane. Another 

unique characteristic of this power source in ambient conditions is 

that it outputs relatively low output voltages when low levels of 

input vibration are encountered. Thus the low output voltage ob-

tained makes it challenging task to develop an efficient rectifier 

circuits because of nonzero turn-on voltages available in rectifiers.  

When pressure is applied to the piezoelectric transducer, it con-

ceives deformation in the material. When the piezo strain creates 

electrical potential difference energy and the voltage is formed. 

The piezoelectric transducer generates AC output voltage and 

should be converted to desired dc voltage through the rectifier. To 

pump the voltage from the rectifier output, DC/DC converter stage 

is added at the end of the output rectifier for using different appli-

cations. The generalized piezoelectric energy harvesting block 

diagram is shown in Fig. 2. 

 

Fig. 2:  General block diagram of piezoelectric vibrational energy       

harvesting system 

3. Conventional Rectifier Model 

The full wave bridge rectifier circuit is based on four diodes with a 

smoothing capacitor and a storage element like a battery or resis-

tive load as shown in Fig. 3. In the open circuit piezoelectric 

transducer, the absolute voltage value is lower and depends on the 

type of transducer and number of piezo transducers used for the 

particular applications. In the conventional rectifier, positive and 

negative splits are functioning by two pairs of diodes. The output 

signal produced by the rectifier is a DC voltage, but it is pulsating 

DC. Smoothing Filter is added parallel to the output load.  

 

Fig. 3: Conventional circuit of full wave bridge rectifier 

4. Proposed Method 

The circuit for piezoelectric energy harvesting is generally based 

on the full wave bridge rectifier circuit model. Due to the conver-

sion of rectifier low AC/DC output voltage it becomes insufficient 

for driving application uses. So, double stage energy harvesting 

circuit having first stage has rectifier and followed by converters 

i.e. step up converter DC/DC is needed. The proposed rectifier 

circuit is modified with an inductor which is connected with a 

series capacitor and the diode is connected in parallel to the series 

combination of inductor and capacitor. It will gain a rectifier out-

put voltage and current and compared to the classic rectifier Piezo-

electric energy harvesting output voltage and current. To double 

the voltage, the generalized dc/dc converter is added at the end of 

the rectifier output. The voltage and the current values are more 

comparable to the rectifier output and are shown in the Table 1.  

Table 1: Comparison table of between conventional rectifier with pro-
posed energy harvesting rectifier 

AC 

volt-

age 

Conventional rectifier 

 

Proposed energy harvesting  

rectifier 
 

Input 

volt-
age 

(V) 

(AC-DC) 

Output 
voltage(V) 

single 

stage(recti
fier) 

(DC-

DC) 
Output 

voltage 

(V) 
Double 

stage 

(recti-
fier + 

con-

verter) 

DC 

Cur-
rent 

(A) 

(AC-

DC)Outpu
t volt-

age(V) 

single 
stage(recti

fier) 

(DC-

DC)Out
put 

voltage 

(V) 
Double 

stage 

(rectifi-
er 

+conver

ter) 

DC 

Cur-
rent 

(A) 

5 3.325 8.886 
0.088

9 
3.415 10.19 

0.101

9 

6 4.303 11.88 
0.118

8 
4.407 13.58 

0.135

8 

7 5.281 14.87 
0.148

7 
5.405 16.97 

0.169

7 

8 6.26 17.86 
0.178

6 
6.406 20.36 

0.203

6 

The circuit was simulated in a MATLAB-SIMULINK. The gener-

alized block diagram of the proposed system consisting piezoelec-

tric transducer outputting an AC signal is represented in the        

Fig. 4(a). In the piezo-transducer voltage starts from mill volts to 

volts. The ac signal is not possible to apply to the load because of 

the wide frequency range. Generalized inputs is given in the 

SIMULINK model as shown in Fig. 5 and are rectified by the 

proposed modified rectifier bridge ac to dc converter. The inductor 

based rectifier converter is capable of improving more voltage and 

current values. It is inferred that the proposed piezoelectric rectifi-

er output is much improved than the classic one in terms of signif-

icant improvement in voltage and current. The stored energy is 

applied generally to small scale electronics applications. 
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(a) 

 

(b) 

Fig. 4: (a) Block diagram of the proposed double stage energy harvesting 

system (b): circuit of proposed modified rectifier with step up boost con-

verter 
 

 
Fig. 5: Simulink diagram of proposed energy harvesting method 

5. Simulation Results  

The performance of classic rectifier and the proposed are com-

pared and summarized in Table 1. The proposed rectifier with 

double stage energy harvesting circuit exhibits improved voltage 

and also the current value in milli amps. Compared to classic recti-

fier, the much better efficiency has been achieved in the proposed 

rectifier circuit. From the simulation graph shown in Fig. 6(a), the 

Classic rectifier double stage based piezoelectric harvesting has 

obtained voltage and current values of 3.325V/0.08886 amps re-

spectively for the input range of 5V with frequency 50 Hz. On the 

other hand, from figure 6(b), it is evident that the Modified double 

stage based energy harvesting circuit was obtained a voltage and 

current value as10.19 V/0.1019 amps, for the same input voltage 

5V.   

6. Conclusion  

A theoretical model of the piezoelectric energy harvesting circuit 

using the full-wave rectifier circuit has been presented and ana-

lyzed through the simulation. It is been analyzed that the energy 

harvested through piezoelectric materials provides a cleaner way 

of power generation for low power equipment. When single stage 

energy harvesting circuit is simulated in the MATLAB, the output 

ranges in positive values. As suggested above, the purpose of dual 

stage energy harvesting system is boosting the output. The output 

of the single stage energy harvesting obtained was 3.415V with 

the input of 5 AC voltage source. But in the improvised circuit 

called double stage energy harvesting, the voltage obtained was 

10.19V and current was 0.1019 amps with the input of 5AC volt-

age source. Throughout the proposed energy harvesting circuit, the 

voltage and current values are positively obtained as compared to 

classic interface piezoelectric rectifier energy harvesting circuit. In 

the future work, the parameter values for both single and double 

stage energy harvesting circuits may be properly identified with a 

millivolt range and given to the input of the small scale electronics 

application. Due to the forward voltage drop in the PN junction 

diode, by replacing a diode based rectifier circuit as schotty diode 

and MOSFET switching device, a much better performance may 

be achieved.  

 
(a) 

 
(b) 

Fig. 6: (a) Simulink graph of conventional rectifier (b) Proposed rectifier 
for the energy harvesting graph 
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