
32nd URSI GASS, Montreal, 19-26 August 2017 

 
 

Sinusoidal WPT Signal Interferer, a Communications Approach 
R. Figueiredo(1) and N. B. Carvalho* (1) 

(1) Instituto de Telecomunicações de Aveiro, Departamento de Eletrónica, Telecomunicações e Informática, Universidade de Aveiro, 
Portugal 

 

1. Abstract 
This paper presents a study on the effects of interfering a Wireless Power Transfer (WPT) sinusoidal signal with other complex envelop 

signals. Particular interest is given to QPSK and QAM signals. 

The study aims to show that if appropriate precaution is taken, long range sinusoidal WPT signals can be safely used without deteriorating 
the performance of other technologies that may operate near the band of the WPT signal. 

To arrive to this conclusion experimental, theoretical and simulated explanations are presented. 

 

2. Introduction 
WPT technologies consist in powering electronics through radiation. Inductive coupling is the most common method of WTP, already 
having several commercial applications such as the induction hoven. However recent research is more focused on long range WPT using 

antenna systems. 

The motivation for this work is the growing development and usage of long range WPT applications by the scientific community and the 

inexistence of an official international band for these kind of technologies. This is delaying the evolution of these technologies into market 

applications and overall progress in WPT. 
Even though researchers have presented several proposals [1] to ITU for the allocation of the 5.8GHz ISM Band for WPT applications, ITU 

still requires more evidence that these WPT signals will not harm neighboring technologies.  

This paper hopes to provide some of these evidences. Initially a purely experiential approach is presented, followed by a theoretical one 

supported by simulation. The study is presented in the way it was performed. Sinusoidal signals were chosen because these are the most 

commonly used and most effective signals in WPT applicat ions. 
Treatment of the collected data and simulations [2] were performed using MATLAB R2016a.  

The initial experimental approach was done just to visualize the interference phenomenon and draw initial conclusions  [3]. Afterwards a 

communication’s based theoretical explanation is given and a simulation environment is developed to visualize the theoretical descriptions.  

Special attention is paid to QPSK and QAM signals because these are the most used modulations in the interest band.  

 
3. Experimental Approach, Explanation and Results 
Procedure: 

The experimental set-up consists of two transmitter antennas, one for the WPT signal and another for a PHY IEEE 802.11 signal, and one 

receiver antenna for demodulation of the PHY IEEE 802.11 signal. The antennas are all identical patch antennas centered at 1.6GHz. The 

transmitter antennas are 30cm apart while the receiver antenna is 2m away from the transmitters. The PHY IEEE 802.11 signal was chosen 

because it is used near 5.8GHz band in the protocols a, ac, and p.  
The PHY IEEE 802.11 signal is centered at 1.6GHz, the signal power is 7.71dBm, the symbol rate is 16.8Msym/s, a root cosine filter with 

0.1 roll-off factor is used for pulse shaping and the data sequence is generated using a PRBS9. This signal was generated using a R&S 

SMU200A VSG. The signal was not centered at 5.8GHz due to temporary laboratorial limitations. 

 
Figure 1. Experimental set-up. Transmitter antennas in the left, receiver antenna in the right. 

 
The WPT signal is a sinusoid that was generated using a R&S SMW200A VSG. 

The receiver antenna was connected to a Keysight N5242 PNA-X that demodulates the PHY IEEE 802.11 signal using VSA Software. 

The WPT center frequency is swept from 1.585GHz to 1.611GHz using steps of 0.001GHz and for each frequency power is swept from -

10dBm to 0dBm using steps of 0.5dBm. At each point EVM measurements are performed in order to attest the impact of the WPT signal 

on the PHY IEEE 802.11 signal. 
Results and Analysis:  



 
Figure 2. Experimental EVM results with sinusoidal (tone) WPT interferer. 
 

The reference EVM, i.e. without WPT interferer, for the PHY IEEE 802.11 is 3%. The average EVM measured with the WPT sinusoidal interferer was 
4.25% and only 5% of the measured EVM values are greater than 7%. This shows that for the most part the interference introduced does not change 
significantly the constellation, allowing a correct detection.  
When the interferer is placed out of the signal band it  is filtered, because VSA software filters frequencies below 1.59GHz and above 1.61GHz, and does not 

affect the constellation.   
The general trend of the EVM for a given frequency of the interferer is to gently increase (less than 5%) as the power is raised from -10dBm until 0dBm. For 
the most part as the EVM increases as the interferer frequency gets closer to the carrier frequency, however there are some dissonant cases.  
The higher values of EVM are obtained for 1.595 GHz and 1.605GHz which are 18.31% and 16.63% respectively. At these frequencies it  is observable that 

the EVM is greater than the average even when the output power is low. Observe also that for other less critical frequencies the EVM stays almost constant 
with power variations. A strong reason for this was not found, speculation leads to believe that 802.11 may carry significant demodulation and decoding 
information at these frequencies. 

Another dissonant value is the EVM value when the WPT signal is at the carrier frequency. It  stays at the reference value (3%). Further explanation of this is 
given in the theoretical approach section. 
This practical study allowed for the following conclusions: 
As expected if an interferer is placed out of the band of a signal and is filtered out, no interference is encountered, even in the vicinity of the borders of the 

spectrum. Of course this is only true if the attenuation of the filter is high enough when compared with the power transmitted in the WPT signal. 
In general, for the power levels tested, a sinusoidal interferer will not cause significant harm to a signal constellation. 

The interference caused by sinusoidal WPT interference centered at the carrier frequency can be lower than the interference caused by a 

sinusoidal WPT signal centered in the vicinity of the carrier frequency. 

 

4. Theoretical Approach 
A bandpass complex envelop signal such as a QPSK or QAM signal can be represented, without loss of generality as  

𝑠(𝑡) = 𝐴𝑠(𝑡) 𝑐𝑜𝑠(2𝜋𝑓𝑠𝑡 + 𝜃𝑠(𝑡)) (1) 
Where A_s (t) represents the different magnitudes of the constellations points, as seen in QAM constellations, f_s is the carrier frequency of 

the signal and θ_s (t) are the phase variations. Usually in QPSK signals the p ossible values of θ_s are ±π/4 and ±3π/4, other values are 

possible, but these were the ones considered in the presented simulation. 

This signal can also be represented in this form 

𝑠(𝑡) = 𝐴𝑠(t) cos(𝜃𝑠(𝑡) ) cos(2𝜋𝑓𝑠𝑡 ) − 𝐴𝑠(t) sin(𝜃𝑠(𝑡) )  sin(2𝜋𝑓𝑠𝑡 )  (2)  
𝑥𝑖(𝑡) = 𝐴𝑠(t) cos(𝜃𝑠(𝑡))  (3) 

𝑥𝑞(𝑡) = −𝐴𝑠(t) sin(𝜃𝑠(𝑡))  (4) 
xi(t) and xq(t) are the in-phase and in-quadrature signals that build the constellation. 

Using coherent demodulation and appropriate filtering the in-phase and quadrature signals are obtained multiplying s(t) by a cosine and a 

sine function, respectively, with frequency equal to f_s and constant phase. 

A sinusoidal interferer can be represented by  

𝑖(𝑡) = 𝐴𝑖 cos(2𝜋𝑓𝑖𝑡 + 𝜃𝑖)  (5) 
Where A_i and θ_i are constant values. 

Applying the superposition principle, the received signal at the previously described coherent demodulator will be  

𝑟(𝑡) = 𝑠(𝑡) + 𝑖(𝑡)  (6) 
𝑟(𝑡) =  𝐴𝑠(t) cos(2𝜋𝑓𝑠𝑡 +  𝜃𝑠(𝑡)) + 𝐴𝑖  cos(2𝜋𝑓𝑖𝑡 + 𝜃𝑖)  (7) 

The demodulation operation is represented as 

𝑥𝑖(𝑡) = 𝑟(𝑡)𝐴𝑟 cos(2𝜋𝑓𝑠𝑡)  (8) 

𝑥𝑞(𝑡) = 𝑟(𝑡)𝐴𝑟 sin(2𝜋𝑓𝑠𝑡)  (9) 
Followed by a low pass filtering operation. 

Developing this demodulation in the presence of the interferer signal the following is obtained 

𝑥𝑖(𝑡) =
𝐴𝑟𝐴𝑠(t)

2
(cos(4𝜋𝑓𝑠𝑡 +  𝜃𝑠(𝑡)) + cos(𝜃𝑠(𝑡))) +  

𝐴𝑟𝐴𝑖

2
(cos(2𝜋(𝑓𝑠 + 𝑓𝑖)𝑡 +  𝜃𝑖) + cos(2𝜋(𝑓𝑠 − 𝑓𝑖)𝑡 −  𝜃𝑖))  (10) 

𝑥𝑞(𝑡) =
𝐴𝑟𝐴𝑠(t)

2
(sin(4𝜋𝑓𝑠𝑡 +  𝜃𝑠(𝑡)) − sin(𝜃𝑠(𝑡))) + 

𝐴𝑟𝐴𝑖

2
(sin(2𝜋(𝑓𝑠 + 𝑓𝑖)𝑡 + 𝜃𝑖) − sin(2𝜋(𝑓𝑠 − 𝑓𝑖)𝑡 −  𝜃𝑖))  (11) 

After applying the low pass filter the components centered at 2f_sand (f_s+f_i) are filtered and that the signal is regenerated. The in-phase 

and quadrature signals obtained are the following 

𝑥𝑖(𝑡) = 𝐴𝑟𝐴𝑠(t) cos(𝜃𝑠(𝑡)) + 𝐴𝑟𝐴𝑖 cos(2𝜋(𝑓𝑠 − 𝑓𝑖)𝑡 − 𝜃𝑖)  (12) 

𝑥𝑞(𝑡) = 𝐴𝑟𝐴𝑠(t) sin(𝜃𝑠(𝑡)) − 𝐴𝑟𝐴𝑖 sin(2𝜋(𝑓𝑠 − 𝑓𝑖)𝑡 −  𝜃𝑖)  (13) 

With this, it can be concluded that the introduction of a sinusoidal interferer to a QPSK/QAM signal results in the superposition of a 

sinusoidal interference in the received in-phase and quadrature components. 



The following scenarios are possible:   

f_i≫f_s, the interference component is filtered, and xi(t) an xq(t) don’t suffer any change. 

f_i=f_s, the interference component is constant, and the constellation is shifted. 
This means that if a given technology is to incorporate WPT capabilities, a WPT sinusoidal signal can be introduced without harm at the 

carrier frequency of the signal to be transmitted.  

This explains why the previous experimental EVM results with the interferer at the carrier frequency were so low.  

f_i ≠f_s  and the interference component isn’t filtered.  

In this case the cosine interferer represents an oscillation in the in-phase component and the sine interferer represents an oscillation in the 
quadrature component. As time passes the sinusoids will show different phases, and if enough points are tested the sinusoid will show all 

possible phases from 0 until 2π. These phase variations can be seen as rotations centered at the ideal constellation points [4]. The maximum 

distance from the ideal quadrature point is (A_r *A_i), this if θ_i=0 and θ_i=π/2  are both possible.       

If a traditional Maximum a Posteriori Likelihood Receiver is considered, correct detection only occurs if (A_r*A_i) <d, being d the 
minimum distance between two points of the constellation.  

In the context of WPT applications in a given allocated band, the following ideal solutions can be considered without having a theoretical 

limit for the power of the interferer signal. It must be restated that at this moment these are simply a theoretical hypothesis, more realistic 

considerations and experimental measurements must be taken so that practical limits can be defined. 

Looking carefully to the received in-phase and quadrature signals with interference, the ideal constellation points can be seen as the mean 
of the sinusoidal interferer. Using this approach, it is possible to conceive an ideal receiver capable of calculating this mean of the signal 

when sampling each symbol. However, this is only possible if f_s-f_i is greater than the symbol rate so that each symbol contains at least 

one period of the sinusoid of frequency f_s-f_i. This condition may be impractical in some circumstances, because the symbol rate may 

become too low. 

Another possible approach is conceiving a receiver capable of extracting the sinusoid of the interferer through sampling and correlation and 
afterwards subtract/add it to the in-phase/quadrature received signal. 

A simpler, but more expensive is to have a local oscillator with frequency f_s-f_i to generate a sinusoid whose amplitude and phase can be 

adjusted to accurately extract the constellation points. 

It is important to note that at this point that the plausibility of this solutions in term of hardware and power consumption was not yet 

attested. This is something to consider in the future. 
Simulation of a QPSK signal is now presented. The next figures illustrate the points made for the two last cases described before. 

 

 
Figure 3. QPSK constellation with sinusoidal WPT interferer with frequency different form the carrier. 

 

 
Figure 4. QPSK constellation with sinusoidal WPT interferer with frequency equal to the carrier. 

 
It is worth restating that when f_s=f_i the constellation’s shape is not modified, and all constellation points are shifted by an equal constant 

value. Because in the simulation θ_i was considered equal to zero, the constellation is shifted toward positive xi, but the constellation can 

be shifted toward any direction in the xi-xq plane, and the maximum magnitude of that shift will be A_r *A_i. 
For the interferer’s presented in figure only the interferer with A_i = A_s would not be recovered by a traditional MAP receiver. 

EVM calculations were made based on the results obtained from simulation 

𝐸𝑉𝑀 [%] = 𝑠𝑞𝑟𝑡 (
𝑃𝑒𝑟𝑟𝑜𝑟

𝑃𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒
)  (14) 

Where Perror is the magnitude of the error vector and Preference is the magnitude of the ideal constellation point. 

 

 



 
Figure 5. EVM [%] for all the interferer frequencies considered within the band of the signal. The frequency axis is presented 

in relation to the carrier frequency 
 
The results presented are consistent with a traditional MAP receiver. If a sinusoidal interferer overlaps a signal’s spectrum, it’s amplitude 

must be very low when compared with the data signal. Observe that only for A_i=A_s/100 reasonable EVM values are obtained. This 

theoretical study shows that interference is dependent on power, but not on frequency. Sometimes this was not observed in the practical 

measurements. An electromagnetic wave propagation based study must be done to complement this communications base study in order to 

explain this phenomenon. 
Observe that for f/fs = 1 the EVM is not zero because in the definition used the EVM is calculated centered in the origin of the ideal 

constellation, however, it the receiver calculated EVM based on the center of the detected constellation points, EVM would be equal to 0%. 

 

5. Conclusions and Future Work 
Some interesting conclusions were drawn during this study: 

If a sinusoidal WPT interferer is out of the band of a given signal, it will not deteriorate that signal. 
If a sinusoidal WPT interferer is centered at the carrier frequency of a given signal it will only shift the signal’s constellation. 

If a sinusoidal WPT interferer overlaps the band of a given signal in any frequency other than the carrier frequency, it’s amplitude (power) 

must be smaller than the signal it is interfering with. The limit of the amplitude of the interferer is A_r*A_i<d. This if traditional MAP 

receiver is considered. 

In the context of WTP technologies it may be possible to introduce a sinusoidal WPT signal in the spectrum of the data signal, if the 
receiver is carefully built to detect sinusoids with frequency equal to f_s-f_i.  

However, there are some gaps in this hypothesis:  

In the performed measurements the antennas used to transmit and receive the PHY 802.11 protocol should have been the usual 

omnidirectional antennas encountered in routers instead of the used directional antennas. 

The measurements must be taken at 5.8GHz if the study aims to be a serious evidence for the allocation of this ISM band for WPT 
applications.  

Measurements are not directly relatable with the developed simulation and new data is required.  

The measurements were limited in power transmission due to equipment saturation, an appropriate set -up solution must be found to solve 

this problem. 

The simulation environment developed is yet rudimental and only aims to help visualize the conclusions drawn during this  study. This 
study lacks a rigorous simulation environment that aims to generate, modulate and demodulate data with laboratory equipment s o that 

experimental measurements can be collected to confirm the presented hypothesis. Future developments must also consider non-linear 

effects and interference due to noise, instead of considering ideal conditions. 

An electromagnetic wave propagation considerations are needed to complement the performed study. 

To conclude, even though this study is incomplete, it gives some solid proof that significant interference between WPT sinusoidal signals 
and other technologies that use complex envelop modulation will not occur if the bands of these signals do not overlap, even if the WPT 

signal is very close to the border of the band allocated for WPT applications. With this in mind, spectrum regulation authorities should not 

be concerned that WPT applications will harm other technologies that use complex envelop modulation in the 5.8GHz  band and the 

allocation of this ISM band for WPT applications is precious to continue developing this technology. 
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