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ABSTRACT 

 
Radio Frequency (RF) energy harvesting is a promising alternative energy source to provide power for 

low power electronic devices through the air. RF energy harvesting technologies are used in many 

application fields such as building automation, industrial monitoring, data center, security and defense. 

In this study, effects of frequency shift keying modulation technique on charging times of RF energy 

harvesting were measured and investigated in detail. An advanced measurement system was established 

and this measurement system was performed using an RF energy harvesting circuit, a signal generator, 
patch antennas and other equipment. The modulated signal at 14 dBm output power was generated by 

signal generator. Then, the energy produced by the signal generator was obtained from 20 cm to 60 cm at 

the interval of 5 cm distance by the RF energy harvesting circuit with 6 dBi patch antenna. According to 
measurement results, the shortest charging time was calculated as 1 s at a distance of 20 cm. In addition 

to that, the longest charging time was calculated as 7 s at a distance of 60 cm. It was determined that the 

charging time of the RF energy harvesting decreased as the distance between signal generator and RF 

energy harvesting circuit reduced. 
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many studies on this subject in the literature 
[1]–[9]. The operating frequency of an RF 
energy harvesting circuit should be designed 
according to the most powerful frequency 
band in the environment. Thus, maximum 
efficiency can be obtained. 

Various studies on RF energy harvesting exist 
in the literature [10]–[23]. An RF energy 
harvesting circuit generally consists of 
antenna and matching circuit, rectifier, 
voltage multiplier and energy storage 
equipment. RF energy harvesting circuit can 
be designed and implemented as single band, 
double band, multi band or broad band. Using  

Introduction 

There are many kinds of energy sources such 
as solar, mechanical vibrations, thermal 
gradients and electromagnetic waves in 
nature. A Radio Frequency (RF) energy 
harvesting technology is a promising 
alternative energy source to feed low power 
electronic devices through the air. Due to the 
increase in the number of low power 
electronic devices in the ambient 
environment, it is hoped that this technology 
will be widely used in future. 

Measurement of power densities of the 
electromagnetic waves is important for 
efficient RF energy harvesting. There are 
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the multi band RF energy harvesting circuit, 
more energy may be harvested when it is 
compared to single band. 

The capacitor on the RF energy harvesting 
circuit can be charged with the power of the 
modulated signal. The power of the modulated 
signal varies by the distance between signal 
generator and RF energy harvesting circuit. For 
that reason, charging times of the RF energy 
harvesting change according to the distances. 

In this paper, it was aimed to measure and 
analyze the effects of Frequency Shift Keying 
(FSK) modulation technique on charging times 
of the RF energy harvesting. The measurement 
data such as distance and charging times were 
shown in a table. Moreover, the effects of FSK 
on charging times of the RF energy harvesting 
versus the distances were depicted on the graph. 

 

Materials and Methods 

In this section, charging times of RF energy 
harvesting were measured at different distances. 
Besides, measurement system and collection of 
the measurement results were explained in 
detail. 

 

Measurement system 

The measurement system consists of Universal 
Software Radio Peripheral (USRP) -2900 
Software Defined Radio from National 
Instruments [24], P2110 Powerharvester module 
from Powercast Company [25], WSN-Eval-01 
Wireless Sensor Board, XLP 16-bit 
Development Board and PICtail Daughter Card 
and Patch Antennas. In Figure 1, all 
measurement devices are depicted. 

FSK is a modulation technique that represents 
digital data (binary 1 or 0) as variations in 
frequency of a carrier signal. In this study, 8-
FSK was used as a modulated signal and it has 
totally 1 MHz bandwidth. In addition to that, 
Pseudo Noise (PN) sequence order was chosen 
as 10. NI USRP-2900 was used to generate FSK 
modulated signals at 915 MHz carrier frequency. 
Output power of NI USRP-2900 was set to 14 
dBm. Then, the modulated signal was 
transmitted through the air to the RF energy 
harvesting module. As seen in Figure 1, patch 
antennas which has two layers and 6 dBi gain 
were used as both a receiver and a transmitter 
antenna [26]. Charging times of RF energy 
harvesting from 20 cm to 60 cm at the interval of 
5 cm were measured and recorded, respectively. 

 

 

Figure 1. Measurement System 
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P2110 Powerharvester module allows efficient 
energy harvesting between 902 MHz and 928 
MHz RF band. This energy harvester can collect 
power down to -11.5 dBm received input power. 
Furthermore, WSN-Eval-01 Wireless Sensor 
Board can sense temperature, humidity and light. 
As seen in Figure 1, WSN-Eval-01 Wireless 
Sensor Board was plugged into the P2110 
Powerharvester module and it sends the data 
such as temperature, humidity, light, Received 
Signal Strength Indicator (RSSI), Node and 
Transmitter (TX) ID to the access point. 

XLP 16-bit Development Board contains 
Microchip’s PIC24F Micro Controller Unit 
(MCU) and it can obtain data wirelessly up to 8 
Node IDs at the same time. Moreover, it 
maintains time counter for each Node ID. As 
shown in Figure 1, PICtail Daughter Card was 
attached into the XLP 16-bit Development 
Board and it was used as an access point which 
has 2.4 GHz, IEEE 802.15.4 radio module. 
PICtail Daughter Card obtains the data through 
the air from WSN-Eval-01 Wireless Sensor 
Board. 

 

 

Collection of data 

As soon as the P2110 Powerharvester module 
stores sufficient power, it will provide the 
required power for the WSN-Eval-01 Wireless 
Sensor Board. Then, the WSN-Eval-01 Wireless 
Sensor Board will send the temperature, 
humidity, light, RSSI, Node and TX ID (data 
from Wireless Sensor Board as seen in Figure 2) 
to the access point. 

XLP 16-bit Development Board was connected 
to a computer with a cable. As seen in Figure 2, 
the data obtained from the XLP 16-bit 
Development Board was shown via 
HyperTerminal.  HyperTerminal should be set as 
baud rate: 19200, flow control: hardware, data 
bits: 8 bits, parity and none stop bits: 1 bit. 

Results and Discussions 

The NI USRP-2900 generates the FSK 
modulated signals. The received power levels of 
the modulated signals vary according to the 
distance. Therefore, the charging time of the 
P2110 Powerharvester module varies according 
to each distance. So, the shorter the distance the 
faster the charging time will be. 

 

 

Figure 2. Obtaining data via HyperTerminal [26] 
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The time difference between the consecutive 
packets was calculated as charging time for RF 
energy harvesting. In this study, for each 
distance from 20 cm to 60 cm at the interval of 5 
cm, 100 packets were obtained, recorded and 
then, evaluated as measurement samples. 100 
samples for each distance and totally 900 
samples were measured for FSK modulation 
technique. The unit of distance is centimeter 
(cm) and the unit of the charging time is second 
(s) as shown in Table 1. 

Table 1: Distance versus charging time for FSK 

Distance (cm) FSK (s) 

20 1.00 

25 1.57 

30 1.95 

35 2.30 

40 3.12 

45 3.79 

50 4.47 

55 6.05 

60 7.00 

 
Table 1 shows the charging times according to 
the distance. The shortest charging time was 
measured as 1.00 s at a distance of 20 cm. 
Besides, the longest charging time was measured 
as 7.00 s at a distance of 60 cm. 

In order to illustrate more clearly, the charging 
times of the RF energy harvesting with FSK 
were shown on the graph. As the distance 
increases, the charging time also increases as 
depicted in Figure 3. From 20 cm to 60 cm at the 
interval of 5 cm, the FSK modulation technique 
performed the best charging time at a distance of 
20 cm and the worst charging time at a distance 
of 60 cm. 

 

Conclusions 

Recently, rapid advances in RF energy 
harvesting technology have been observed. It is 
estimated that this technology will be used more 
widely in the future practical applications. 

In order to measure the charging times of the RF 
energy harvesting with FSK modulated signal, 
an advanced measurement system was 
established. The advanced measurement system 
consisted of NI USRP-2900, P2110 
Powerharvester module, WSN-Eval-01 Wireless 
Sensor Board, XLP 16-bit Development Board, 
PICtail Daughter Card and Patch Antennas. 

According to the measurement results, the 
shortest charging time was measured as 1.00 s at 
a distance of 20 cm and the longest charging 
time was measured as 7.00 s at a distance of 60 
cm. It was determined that as the distance 
decreased, the charging time of RF energy 
harvesting reduced. 

 

 

Figure 3. Charging times of RF energy harvesting versus distances for FSK 
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