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ABSTRACT 
A major challenge in the wireless sensor networks is to develop a way of supplying power to sensor nodes in an 

efficient and reliable manner. This paper explored a potential solution to this challenge by transferring energy 

using Radio Frequency (RF) signals. The RF signal was generated using oscillator, amplified using power 

amplifier, and transmitted through antenna. The wirelessly transmitted RF energy can be captured by the 

receiving antennas, transformed into DC power by a rectifying circuit, and stored in a battery to provide the 

required energy to the sensor node. Such a system has the advantage of eliminating battery replacement of the 

sensor nodes. 
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I. INTRODUCTION 

Energy constraints are widely regarded as a fundamental limitation of wireless sensor networks. For 

sensor networks, a limited lifetime due to battery constraint poses a performance bottleneck and 

barrier for large scale deployment.  

Recently, wireless power transfer has emerged as a promising technology to address energy and 

lifetime bottlenecks in a sensor network. As wireless sensor devices become pervasive, charging 

batteries for these devices has become a critical problem. Existing battery charging technologies are 

dominated by wired technology, which requires a wired power plug to be connected to an electrical 

wall outlet. Wireless power transfer (WPT) achieves the same goal but without the hassle of wires.  

A small, low-cost, wireless sensor node is important for sensing the environment. However, the need 

for frequently replacing its battery has always been a problem, which has limited its use of WSNs. 

WSNs based on energy harvesting are partly in practical use. The use of solar energy in energy 

harvesting WSNs has increased for practical applications; this is because of the fact that solar panels 

are easily available and they have a higher energy density as compared to other energy harvesting 

techniques. This high energy density allows the development of smaller sensor nodes. However, solar 

power strongly depends on sunlight and can therefore hardly harvest energy during the nighttime ant 

the amount of harvested energy depends on the weather.  

RF based Wireless Power Transfer is one of the key techniques used to solve this problem. This 

system focuses on using an ambient RF field as an energy source to power wireless sensor nodes. The 

use of this unutilized energy as a power source will not only reduce the battery replacement cost, but 

also enable a long period operation in WSNs. 

1.1 Related Works  

In paper [1], an Improved Energy Efficient Ant Based routing Algorithm energy management 

technique, which improves the lifetime of sensor network, was proposed. Using the harvested energy, 

the time of charging the battery powering the sensor nodes drastically reduced, while requiring time 

intervals of 91.9 hrs to recharge the battery. Paper [2] studied a power and data transmission system 

for strain gauge sensors. Two kinds of receiver antennas (dipole and patch) are evaluated in terms of 
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return loss and peak received power. Results show that dipole antenna have a better impedance 

matching with the conversion circuit than that of the patch antenna. The rectenna optimization, 

channel modeling and design of a transmit antenna are discussed in paper [3]. Paper [5] reviewed the 

history of wireless power transfer and described its recent developments. It showed how such 

technologies can be applied to sensor networks and addresses its energy constraints. Paper [7] 

presented the concept of transmitting power without using wires i.e., transmitting power as 

microwaves from one place to another is in order to reduce the cost, transmission and distribution 

losses. Paper [8] aimed at designing a prototype of wireless power transmission system. Detailed 

analysis of all the system components has been discussed.  

This research paper is organized as follows. A brief description of existing and proposed systems is 

presented in Section 2. Section 3 discusses the transmitter and receiver circuits and the output of the 

each circuit. The brief discussion of result is described in Section 4. Finally, some concluding remarks 

have been highlighted in Section 5. 

II. SYSTEM OVERVIEW 

2.1 Existing System 

Comparing with sensor node or battery replacement approaches, the wireless charging technology 

allows a mobile charger to transfer energy to sensor nodes wirelessly without requiring accurate 

localization of sensor nodes or strict alignment between the charger and nodes [10].  

The system consists of  

 

Figure 1. Energy Transfer through Moving vehicle charger 

A moving vehicle charger (MVC): a mobile robot carrying a wireless power charger, a network of 

sensor nodes equipped with wireless power receivers, and an energy station that monitors the energy 

status of the network and directs the MVC to charge sensor nodes. 

A network of sensor nodes equipped with wireless power receivers: Sensor nodes perform application 

tasks such as environment monitoring, generate sensory data, and periodically report the data to the 

sink. In addition, that also monitor the voltage readings of their own batteries, estimate energy 

consumption rates, based on which derive their own lifetime, and then report the information to the 

sink periodically. 

An energy station: it is responsible for monitoring the energy status of sensor nodes, deciding the 

power charging sequences to be executed by the mobile charger (as shown in the Figure 1). 

Problem in Existing System: 

The existing system has the overhead of controlling and maintaining the MVC. The MVC takes more 

than 30% of energy for travelling between the sensor nodes and charging. The distance between MVC 

and sensor node is too small (in 5-40cm). 

2.2 Proposed System 
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To overcome the energy constraint problem in WSN, WiTricity (Wireless Electricity) is proposed. 

Energy is transmitted from energy station to sensor node without  wire connections. WiTricity is 

directly transmitted from energy station to sensor nodes.WiTricity is effectively achieved by RF based 

Wireless Power Transfer System. Wireless Power Transmission system using Radio frequency will be 

designed for sensor nodes which require low power to operate. RF-based wireless power transmission 

focus on passively powered sensor networks by improving the conversion efficiency. Attempting to  

maximize the output power by designing efficient antennas. Antennas can be made more directional, 

allowing longer distance power beaming. 

2.2.1 Wireless Power Transfer System 

 

Figure 2. Transmitter Block Diagram 

The Wireless power transfer system consists of two parts, transmitter side and receiver side. The 

block diagram of a typical transmitter unit of WPT system is shown in Figure 2. There is always a 

large amount of signal power loss in the free space while the RF signal propagates through it. To 

compensate this loss at the receiver side, the transmitter of the wireless power transfer system should 

be capable of transmitting a high power. For this reason the transmitting antenna should have high 

performance [6].  

The receiver section contains the receiving antenna, rectifier, DC-DC converter and battery as shown 

in Figure 3. The receiver’s main function is to receive the RF signal from the transmitter, convert it to 

DC signal which is used to charge the connected device’s battery. A simple battery charging theory is 

to run current through the battery, and apply a voltage difference between the terminals of the battery 

to reverse the chemical process. In this paper, the current is obtained from the radio wave signal 

coming from the antenna [8].  

 

Figure 3. Receiver Block Diagram 

III. SYSTEM IMPLEMENTATION 

System implementation is based on designing the transmitter and the receiver. The transmitter part 

consists of  oscillator, power amplifier and antenna. The receiver part consists of receiving antenna, 

rectifier, DC-DC converter and battery. 

3.1 Oscillator  
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Figure 4. Oscillator Circuit Diagram 

The oscillator circuit is based on the Hartley oscillato. The Hartley Oscillator is a particularly useful 

circuit for producing good quality sine wave signals in the RF range. The Hartley design can be 

recognized by its use of a tapped inductor. The frequency of oscillation can be calculated in the same 

way as any parallel resonant circuit, using: 

𝐟𝐫 =
𝟏

𝟐𝛑√𝐋𝐂
 

Where L = L1 + L2. 

12V power supply is given to oscillator circuit. 82pF capacitor and the 120uH inductor which have 25 

turns with 6mm diameter are acting as a tank circuit. Tank circuit is the responsible for the oscillator 

frequency. The center point of the inductor is given to the amplifier circuit. So that, with two 

inductors and one capacitor, the oscillator circuit is working with the principle of Hartley oscillator.  

The oscillator circuit frequency from this circuit is design for 56MHz with 2V amplitude. 1K resister 

and 0.5nF capacitor is used to give the basing voltage to the transistor. 

3.2 Pre-Amplifier 

Output from the oscillator circuit that is, 56MHz with 2V amplitude is given as an input signal to the 

power amplifier circuit. 12V power supply is given to the power amplifier circuit. BFW16A is a RF 

transistor that used to operate on the center frequency of 100MHz. This amplifier circuit is considered 

as a voltage divider amplifier because of 47K and 5.6K resister. The gain of 2 is achieved from this 

amplifier circuit. BFW16A is a multi emitter silicon planner epitaxial NPN transistor with extremely 

inter modulation properties and high power gain. For this reason, BFW16A was chosen. 

 

Figure 5. Power Amplifier Circuit Diagram 
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 Oscillator, Pre-Amplifier Output 

In Figure 6, Channel 1 shows the output of the oscillator and the scale for the channel 1 is 5V. The 

channel 2 shows the output of the amplifier and the scale for the channel 2 is 5V. The oscillator output 

was measured as 5V and the amplifier output was measured as 13V.  

 

Figure 6. Oscillator and Amplifier Output 

3.3 Power Amplifier 

A push pull amplifier is an amplifier which has an output stage that can drive a current in either 

direction through the load. Advantages of push pull amplifier are low distortion, absence of magnetic 

saturation in the coupling transformer core, and cancellation of power supply ripples which results in 

the absence of hum. Push-Pull power amplifier is shown in Figure 7. MJE15032 and MJE15033 are 

8.0 amperes, complementary silicon power transistors of 250 volts, 50 watts with high DC current 

gain, high current gain − bandwidth product. For this reason, MJE15032 and MJE15033 were chosen. 

Output from the pre-amplifier is given to the power amplifier with frequency of 62 MHz and voltage 

of 6V.  

 

Figure 7. Push-Pull Power Amplifier Circuit Diagram 

Power Amplifier Output 
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The push-pull power amplifier circuit was shown in Figure 8. 10V was given to this circuit as the 

input power supply. The output current and the voltage were measured as 300mA and 20V 

respectively. The total power achieved from the circuit was 6W. 

 

Figure 8. Power Amplifier Output 

3.4 Antenna 

The telescopic (whip) antenna is used as transmitting and receiving antenna as shown in Fig.9. The 

whip antenna can be considered half of a dipole antenna, and like a vertical dipole has an 

omnidirectional radiation pattern, radiating equal radio power in all azimuthal directions 

(perpendicular to the antenna's axis), with the radiated power falling off with elevation angle to zero 

on the antenna's axis. 

 

Figure 9. Telescopic Antenna 

 

3.5 Rectifier 

Bridge rectifier is used to convert the RF energy to the dc voltage as shown in Fig.8. Its elements are 

usually arranged in a multi element phased array with a mesh pattern reflector element to make it 

directional. A simple rectifier can be constructed from a switching diode placed between antenna 

dipoles. The diode rectifies the current induced in the antenna by the RF signal. Switching diodes are 

used because they have the lowest voltage drop and highest speed and therefore waste the least 

amount of power due to conduction and switching. Rectifier is highly efficient at converting RF 

energy to electricity. 
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Figure 10. Rectifier Circuit Diagram 

The telescopic antenna is used to receive the RF signal. This AC signal is given to the bridge rectifier 

circuit. The bridge rectifier has two ceramic capacitors of value 0.1pF, two electrolytic capacitors of 

value 50uF and four PN diodes of 1N4148. This has converted the signal from the antenna to the DC 

voltage. 

3.6 DC-DC Converter 

The output voltage of the rectifying circuit is too low for charging a battery. A DC-to-DC voltage 

converter will adapt the rectified voltage to a stable output voltage high enough for charging a 

rechargeable battery [3]. 

 

Figure 11. Dc to DC Converter Circuit Diagram 

DC to DC converter is used to boost up the DC signal to the fixed DC voltage. 1V DC voltage is 

given to the DC to DC converter circuit and the output DC voltage is measured as 9V because of the 

DC to DC module LT1073. The LT1073 is gated oscillator switcher. This type architecture has very 

low supply current because the switch is cycled only when the feedback pin voltage drops below the 

reference voltage. 

DC to DC Converter Output 
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Figure 12. DC to DC Converter Output 

Figure 12 shows the simulation output of the DC to DC converter module. 1V input was given to the 

DC to DC converter and the output was measured as 9V. In practical experiment, 8V is measured 

from the DC to DC converter circuit. 

IV. RESULT 

In this paper, transmitter produced the radio signal with the voltage of 20V and current 300mA. This 

power was transmitter through the telescopic antenna. In receiver side, another antenna was place at 

the distance of 2m from the transmitter to receive the radio signal and fed to the rectifier circuit. The 

output of the rectifier was measured as 1.15V and that was given to the DC to DC converter. The 

output of the DC to DC converter was measured as 8V. 

V. CONCLUSION AND FUTURE WORK 

WiTricity for wireless sensor nodes project propose a wireless charging system for sensor networks. 

This project presents the design and implementation of oscillator, pre-amplifier, push-pull power 

amplifier, rectifier and DC to DC convert. The transmitter produced the radio signal of 6W and 

transmitted through the distance of 2m. The output of the rectifier circuit was measured as 1.15V. 

The design of the antenna at the transmitter and the receiver plays an important role in transferring the 

voltage level at 1V to the DC to DC converter. Also the design of either a Tor π network at both the 

transmitter and the receiver end plays a major role in power transfer. Integration of all the stages leads 

to impedance mismatch which can be overcome using EDA tools like Advance Wave Research, 

HFSS etc.  Very low power DC to DC convertor can be designed to generate a reasonable propagation 

of voltage and current. 
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