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Abstract—A radio frequency (RF) transmitter node powered 

with a cantilever based piezoelectric energy harvester is 

presented in this paper for wireless sensing applications. The 

piezoelectric cantilever (energy harvester) is tuned to its resonant 

frequency at around 290Hz, generates electrical output power 

from 29.5μW up to 0.57mW when driven with vibration 

excitation of acceleration levels of 0.01g and 0.019g respectively 

at resonance with external electrical load of 80kΩ. A shaker was 

used as a vibration source for the piezoelectric cantilever to 

simulate the vibration energy that can be found at many of 

household as well as industry appliances. An interface/power 

conditioning circuit with energy storage is used to accumulate the 

electrical energy generated from piezoelectric and then supply to 

power the RF transmitter node to transmit a chunks of data 

varies from 1 up to 10 Bytes at a certain times generated via a 

MCU to an RF receiving node at about 2.5m apart. The RF 

transmitter module was turning on for around 47 up to 102ms 

for each time transmitting 1 up to 10 Bytes respectively and then 

will be deactivated for a certain time varies from (2.5, 5, 7, and 

10) seconds. 

 

Index Terms—Energy Scavenging; Piezoelectric Cantilever; 

RF Transceivers; Vibration Energy Transformer. 

 

I. INTRODUCTION 

 

The increasing of demand on miniature electronic appliances 

for wireless sensor network makes the 

maintenance/replacement issues of batteries has become a 

major drawback for the system overall. Especially for the 

Internet of Things "IoT" applications which will soon change 

our live style [1], due to the development of MEMS sensors 

and low-power wireless technologies, there will be a huge 

number of wireless sensors and smart objects surrounding our 

living space in the “IoT” era, and the huge number of wireless 

sensors and smart objects will create a lot of new possibilities 

to make our living space being smarter, green, and for better 

quality of lives [2]. Whereby electronic functionality is added 

to very large numbers of autonomous objects, maintenance-

free power provision is an essential enabler. Exploring new 

sustainable power sources has become a popular topic, aiming 

to extend the lifetime and meet the requirement of 

miniaturized devices. Many approaches, including exploitation 

of light [3], temperature differences [4], and the 

impact/vibration energy harvesting [5][6], been implemented 

as power supplies. 

Motivated by the amount of vibration generated via the 

household and the industry appliances [7], this prototype 

where implemented to converts these vibration energy into an 

electrical charges using a piezoelectric cantilever and then 

accumulate the energy and store in a capacitor unit for 

wireless transmission. In this paper, the application is reported 

to have successfully transmitting a variable length of data in a 

range of period of time by employing the energy harvested 

only from vibration source.  However, due to the unstable and 

unpredicted vibration behavior of the real vibration sources 

from household and the industry environments, therefore this 

project used electrodynamic shaker to simulate the vibration 

source as close as possible to the nature. A common vibration 

frequency and acceleration level is being used in the 

experiment which is matched to the piezoelectric resonant 

frequency in harvesting maximum electrical power. 

Lately piezoelectric transduction approach has attracted a 

considerable research interest especially for low power 

application and has been proved as an favorable method in 

terms of energy generation compared to other methods such as 

electromagnetic and electrostatic [8, 9, 10]. There was being 

reported that, a prototype of self-powered vibration sensor 

produced a encouraging performance resulting for energy 

harvesting which is able to generate enough of energy to 

power up a transmitter node for a certain time [11], the 

proposed prototype consists of two main parts, which are: 1) 

the electromechanical prototype and 2) the interface/storage 

circuit. As mentioned previously the electromechanical part is 

excited by a shaker motion, and generates energy via 

piezoelectric cantilever. The interface/storage circuit part is 

designed to store a fixed amount of energy and discharge it 

into the next stage load circuit in each operating cycle (data 

transmission cycle). 

This paper reports on more extensive range of vibration 

parameters (Frequency, acceleration, and timing), in order to 

investigate the operation of RF module and transmit variable 

which is the amount of data at variable timing. The 

performance resulting from a series of experiments are 

presented to prove the ability of the piezoelectric cantilever as 

an energy harvester for operating a wireless sensor node and 

functioning almost at the real time. 

 

II. EXPERIMENT SET-UP 

 

The overall experiment setup that conducted to measure the 

less amount of acceleration in g-level at resonant frequency 

which it 290Hz that needed for a piezoelectric cantilever to 
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power up a RF transmitter node and send data for 2.5 m to the 

receiver node is presented in Figure 1. As illustrated in the 

figure bellow, a single piezoelectric cantilever with the 

dimension of length 29mm, width 13mm, and thickness of 

0.6mm is mounted on the top of the electrodynamic shaker. A 

laser Doppler vibrometer was being used to measure the actual 

vibration frequency and the acceleration level of the shaker 

and compared with the voltage output generated by the 

piezoelectric cantilever. 
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Figure 1: Experimental setup used to conduct transmission testing. 

 

In order to investigate the performance of the piezoelectric 

energy harvester in powering wireless device, its output 

terminal is connected to the RF module. However, a 

microcontroller unit (MCU), ATmega328P is powered up 

externally, so that at the transmission node the MCU can send 

the blocks of data to the receiver node via the RF module 

using amplitude modulation "AM", with 433MHZ operating 

frequency, and frequency stability about ±75KHZ. The 

distance between these nodes is about 2.5 m. A 470µf/25V 

capacitor is chosen as the storage component, where it will be 

charged by the piezoelectric energy harvester after its was 

being rectified via bridge rectifier, as shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Block diagram of the transmitter node. 

 

III. EXPERIMENTAL RESULTS AND DISCUSSION 

 

The transmitter node was set to send a variable packets sizes 

and then go to sleep mode for a period of time for the backup 

capacitor to be charged which then accumulate enough of 

power to operate the system for the next cycle. Figure 3 shows 

the capacitor cycles when it’s charging up at the time when the 

RF transmitter is disabled and then discharge through the 

Transmitter to send the required data packets when it’s awake. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Where: 

Tc: Charging time. 
Td: Discharging time. 

 
Figure 3: Charging and discharging cycles of the backup capacitor. 
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Figure 4 shows that as acceleration level increases, the 

number of transmitted data also increases. The number of 

transmitted data also depends on the sleep time or the charging 

time of the capacitor. The charging time is set at 2.5s, 5s, 7s 

and 10s. It shows that at lower sleep time, higher acceleration 

is required to transmit higher byte of data. When sleep time is 

set at 2.5s, an acceleration level of about 19 mg is required to 

transmit 10 bytes of data compared to only 12 mg if the sleep 

time is increases to 10s.  

There is no significant improvement when sleep time is set 

more than 7s as the performance of the data transmission is 

almost similar for sleep time set at 10s which can be shown in 

Figure 5.  

It can be noticed that the RF transmitter module starts to 

broadcast one byte of data only when the minimum 

acceleration level is being excited to the piezoelectric energy 

harvester which is at 10mg. This is because the output voltage 

that generated by piezoelectric energy harvester at its resonant 

frequency and at the magnitude of 10mg is about 3V DC at 

open circuit "no load", which is just enough to start 

transmitting a byte of data. 

 

 

 
 

 

Figure 4: Data transmission performance at a range of acceleration level from 

5 mg to 20 mg for different sleep time (charging time) of 2.5s, 5s, 7s and 10s.  

 

 

 
 

 

Figure 5: Acceleration level/byte over a range of sleep time (charging time) 
from 2s to 10s. 

 

IV. CONCLUSION 

 

A piezoelectric cantilever energy harvester powering up a 

RF transmitter module has been presented in this paper. Direct 

conversion from vibration energy into useful rectified DCV to 

power up a RF transmitter module. The piezoelectric 

cantilever was vibrating at its resonant frequency (290Hz) and 

it required a minimum acceleration of about 18mg to power up 

the RF transmitter and broadcast 10 bytes data packet at 2.5 

second sleep period for about 2.5meter distance from the 

receiver. As most of the household appliances are generated 

vibration with an average acceleration level of 0.2g which it 

more than enough to power up the proposed system. 
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