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Abstract – An iterative Interpolated Discrete Fourier 
Transform (IpDFT)-based frequency estimator of a 
sinewave affected by decaying dc offset is proposed in 
this paper. The accuracies of the proposed procedure 
and the classical IpDFT algorithm are compared with 
each other under different steady-state and dynamic 
testing conditions suggested in the IEC/IEEE 60255-
118.1:2018 - Synchrophasors for power systems – 
Measurements.  A decaying dc offset is added to the test 
signals suggested in the Standard and off-nominal 
frequency is considered. Procedure accuracy is 
analyzed through simulations by considering the 
maximum of the absolute value of the frequency error. 
Comparison with the frequency error thresholds 
proposed in the Standard is also performed.  

 I. INTRODUCTION 

When a fault occurs in power systems, current relaying 

signals often contain a decaying dc component. Since the 

spectrum of that component covers all frequencies, it may 

heavily affect the accuracy of phasor measurements 

returned by frequency-domain based algorithms. Various 

approaches have been proposed to overcome this issue [1]-

[5]. Usually, the parameters of the decaying dc offset are 

firstly estimated and then used to remove that component 

from the analyzed electrical waveform. The proposed 

algorithms require only half or a full nominal cycle for 

decaying dc offset parameter estimation. Their main 

drawback is that they assume nominal waveform 

frequency, while this is often not the case when faults 

occur. Consequently, the estimated parameters are affected 

by the so-called picket-fence errors [6].  

The Interpolated Discrete Fourier Transform (IpDFT) 

algorithm is capable to ensure accurate sinewave 

parameter estimates under off-nominal frequency 

condition [7]-[10]. Indeed, it compensates the picket-fence 

errors by estimating the inter-bin location of sinewave 

frequency. Classically, the estimation is performed by 

interpolating the two largest Discrete Fourier Transform 

(DFT) samples. Then sinewave amplitude and phase are 

estimated exploiting the knowledge of the estimated 

frequency. In addition, to reduce errors due to the spectral 

leakage from interfering tones, before performing 

frequency-domain interpolation, the acquired signal is 

weighted by means of a suitable window [11]. 

Unfortunately, frequency estimation accuracy of IpDFT 

algorithms can be heavily affected by a decaying dc offset 

due to its broad spectrum. In this paper an iterative IpDFT-

based procedure that takes into account the contribution of 

that component is proposed. It is called iIpDFT-dc 

procedure and it exploits the decaying dc offset parameters 

estimation algorithm proposed in [12].  

The accuracies of the iIpDFT-dc and the IpDFT 

procedures are then compared with each other under 

different steady-state and dynamic conditions considered 

in the Standard IEC/IEEE 60255-118.1:2018 – 

Synchrophasors for power systems – Measurements [13], 

called simply Standard in the following for the sake of 

brevity. Unlike the Standard, the test signals contain a 

decaying dc offset and off-nominal frequency occurs. The 

investigation is performed through computer simulations 

and the maximum of the Frequency Error (FEmax) absolute 

value is assumed to compare the algorithm accuracies.           

 

 II. THE iIPDFT-DC PROCEDURE 
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The proposed iIpDFT-dc procedure weights the 

acquired signal (1) by using a suitable window w(�). Then 

the Discrete-Time Fourier Transform (DTFT) of the 

windowed signal xws(m + r) = xs(m + r)∙w(m) is evaluated: 

         R S�T� U V � S�� � ��/0WXY Z
3�[0H4N\���

H0I[].       (4) 

The parameters of the sinewave are estimated by the 

classical IpDFT algorithm based on the Hann window [7]-

[10], defined as:  

              ^��� � ;>_ � ;>_`ab cXYH �� )*+�d:���������������
����������������������������������������������������������� � ;: <: =* ) < 

The parameter estimators are given by the following 
expressions: 

��                      ef � g � hi � g � �<�j�k)%�j
k�< :�������������������
��

in which k � lm(n�MNo�l
lm(n�MNo0I�l with i = 0  if |R S�g ) <�l p

lR S�g � <�l  or i = 1 if lR S�g ) <�l q lR S�g � <�l  
                        #r � Xlm(n�M�l

stu0Ovws :���������������������������������
where x�T� y *8bjz�&T�

%&T$<)T%- is the DTFT of the Hann 

window, and 
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 III. COMPUTER SIMULATIONS 
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 A. Off-nominal frequency testing condition 
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 C. Modulation testing condition 
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