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A COMPARISON BETWEEN DIFFERENT DIGITAL 

FILTERS USED IN DIGITAL RELAYS 

Feras MAHFOUD1, George Cristian LĂZĂROIU2 

The relay algorithm, which is implemented through microprocessor, is 

considered as the Mastermind of a numerical relay. This paper analyzes the 

characteristics and mathematical formula of some digital filters which are used in 

numerical relays, the performance of these filters was investigated by applying 

different current waves to these filters. Furthermore, this paper includes a 

comparison of responses between these filters. The Simulation study was done by 

using MATLAB software, and the used current waves for this study were 

downloaded from a disturbance recorder used in Banias thermal power plant.  
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1. Introduction 

Protection relays represent a particular importance of electrical power 

systems, they detect any malfunction or defect may occur, after that they issue 

orders to the circuit breakers to isolate the specific defect element selectively for 

maintaining the continuity of feeding in the rest of the system and the safety of 

equipment and personnel. Numerical relay is the last generation of protective 

relays; the digital filter is the principal element which determines the response and 

speed of protection functions. Each digital filter has a special method to 

reconstruct the sampled signal received from an A/D Converter after eliminating 

all unwanted components such as DC offset harmonics, sub-harmonics and noise 

to a feasible extent, and extracting all fundamental components which are 

necessary for the relay operation. The values of the reconstructed signal were 

compared with the pre-set threshold values, and a critical decision (alarm or trip) 

was issued by the digital filter.  

2. Digital filters categories 

There are two main categories of digital filters according to the number of 

input signals; digital filters for one-element relay and two-elements relay [1], [2], 

[3], [4], [5]. 
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2.1. Digital filters for one-element relay 

One-element relay uses only a single input signal either current or voltage, 

i.e. over current relay uses only current signal for its calculation, and the same 

thing for under voltage relay that uses voltage signal for its operation, etc…, [1].   

Many well-known digital filters use a single input signal for its calculation 

such as Fourier, Walsh, and Kalman filters. 

2.1.1. Fourier Filters 

Fourier Filters are the most used filters in digital relays. Fourier Filters 

satisfy Dirichlet conditions; any signal can be considered as a set of periodic 

components if it satisfies the following conditions: 

- The Periodic signal repeats itself after each period T. 

- The Periodic signal is defined within the period T.  

- Limited extremes (maximum and minimum) within any period. 

 The fundamental component values depending on the Discrete Fourier 

Transform can be calculated by the following equations [1], [2], [3], [6], [7], [8], 

[9]: 
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Where:  

SY
^

: the peak value of the imaginary component of the fundamental frequency 

phasor of the input signal yk; 

 CY
^

: the peak value of the real component of the fundamental frequency phasor of 

the input signal yk; 

θ: the fundamental frequency angle between samples [8];  

k: the number of samples per cycle; 

 f0: the fundamental frequency of the electrical power system (50 or 60 Hz); 

 fs : the sampling frequency. 

The magnitude of Fourier filter is calculated by the equation: 
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The main aim of the Fourier filter (DFT) is to get an accurate phasor for 

the output signal equal to the fundamental frequency phasor. The window length 

has an important effect on the filter response, a window of Full-Cycle DFT (k = N 

= fs / f0) and Half-Cycle DFT (K = N/2 = fs /(2*f0)) are selected for that purpose, 

which are corresponding to the fundamental frequency (50 or 60 Hz) of the 

electrical power system, where N is the number of samples per cycle[8], [10]. To 

analyze the performance of this filter, we test number of input signals, as in the 

following cases. 

Case 1: the input signal yi contains the fundamental frequency only. 

)2sin(22 fty i =                                            (5) 

Fig. 1 displays the input signal and the output of the Fourier filter (DFT).   
 

 
Fig. 1. Input signal and its resultant amplitude by means of Fourier filter 

From the previous figure, the filter half cycle needs less time than full 

cycle to calculate the amplitude of the input signal at the fundamental frequency, 

but the accuracy is identical for both of them.   

Case 2: the input signal contains only odd harmonics as shown in table 1. 

Table 1 

The Harmonics content of the input signal 

Harmonics Order “n” % of true RMS 

1’fundemental’ 22 

3 11 

5 6 

7 9 

9 8 

11 7 
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Fig. 2 shows the input signal which contains odd harmonics and the 

amplitude of input signal (r.m.s value) after calculating it by half / full-cycle DFT. 

 
Fig. 2. Input signal and its resultant amplitude by means of Fourier filters in case 2 

From the previous figure, it can be noticed that DFT eliminates all odd 

harmonics, so that the amplitude of that signal equals to the amplitude of the 

fundamental component, and the filter performance is not affected by the presence 

of odd harmonics.   

Case 3: Sometimes the occurred slight shift of the fundamental frequency 

compared with the rated frequency (f=50 Hz). 

)2sin(22 fty i =                                             (6) 

 f=49.5 Hz 

 
Fig. 3. Input signal and its resultant amplitude by means of Fourier filters  

From Fig. 3, it can be noticed clearly that in the case of the shift of the 

fundamental frequency, slight changes will happen in the output of the DFT (full- 

cycle &half-cycle), and these changes are increased by the increasing of the 

frequency shift.  

Case 4: Saturation of current transformers 
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 Fig. 4 shows current waves downloaded from disturbances recorder in 

Banias Thermal Power Plant; the recorded wave shows severe saturation of 

current transformer. 

 
Fig. 4. Saturated wave current and its amplitude by using DFT 

As it was shown, the response of DFT full-cycle is better than DFT half-

cycle, but the accuracy of DFT full-cycle is better than DFT half -cycle. 

In both cases, the measured value is less than the actual value because the 

saturation of the current transformers.  

Case 5: The input signal contains odd and even harmonics as shown in 

Fig. 4. All of nonlinear loads, power transformer (saturation case) and power 

electronics elements are considered as main sources of harmonics distortion. 

 
Fig. 4.  Harmonics analysis of input signal by using Micom S1 Agile  
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Fig. 5.  Input signal and its resultant amplitude by means of Fourier filter 

  

The performance of DFT is unstable in these cases, so that the usage of 

anti-aliasing filter is important to attenuate the effect of harmonics as much as 

possible. 

2.1.1.1. A Comparison between accuracy and speed of the two approached 

Fourier filters 

The overall decision-making time of the relay is based on the length of the 

moving scan window. The frequency response of full-cycle Fourier filter is shown 

in Fig. 6. 

 
Fig. 6. Frequency response of full-cycle Fourier filter [13] 

From Fig. 6, it is obvious that full-cycle DFT has a great capability for 

eliminating DC Component and all harmonics of the integer orders. The 

frequency response of half-cycle Fourier filter is shown in Fig. 7.    
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Fig. 7.  Frequency response of half-cycle Fourier filter [1] 

From Fig. 7 it is clear that half-cycle DFT is unable to reject the DC 

component and all the even harmonics orders. Consequently, the stability of the 

half-cycle DFT is very low if the input signals contain such components. From the 

previous section, for the half-cycle DFT the decision-making time is at least 10 

ms and 20 ms for the full-cycle DFT. Finally, half-cycle filters improve the speed 

of the relay at the expense of accuracy, but half-cycle filters improve the accuracy 

of the relay at the expense of speed. 

3.4.1.3 Walsh Filters 

Walsh filters are a set of orthogonal signals which only take the values 0,1. 

The fundamental components values depending on the Walsh filter can be 

calculated by the following equations [1], [2], [3], [6], [7], [8], [9], [12]:  
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Fig. 8. The first 8 Walsh functions 
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The magnitude of Fourier filter is calculated by the equation:   
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The Walsh filter needs to calculate a sufficient number of Walsh 

coefficients terms to obtain the same accuracy compared with the full-cycle 

Fourier filter [3].  

i.e. if the input signal yi is given by the following equation: 
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the output of Walsh filter will be as shown in Fig. 8. 

 
Fig. 8. Input signal and its resultant amplitude by means of Walsh filter 

Fig. 9 shows the output of full-cycle DFT for the same previous wave. 
 

 
Fig. 9. Input signal and its resultant amplitude by means of full-cycle DFT 
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It is obvious that Fourier filters have higher speed than Walsh filter for the 

same accuracy, so that Fourier filter is widely used than other filters in computer 

relaying applications. 

3.4.2 Digital Filters for Dual-Element Relay 

A dual-element relay needs two input signals to perform its calculations, 

such as distance relays and power factor relays. 

Two main algorithms which are used for that type of relays, are Fourier 

algorithm and Differential Equation algorithm. 

3.4.2.1 Fourier algorithm 

There are no differences in the principles between the Fourier algorithm 

and the Fourier filter. Input signals of voltage and current, are divided into two 

orthogonal components (real part and imaginary part) by using the Fourier filters. 

According to those values, the apparent impedance is calculated as follows:    
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Where Is, Ic, Us and Uc are the orthogonal components of voltage and current 

Respectively [1], [2], [3], [7], [13].  

3.5 Discussion and Conclusion 

In some cases, half-cycle Fourier Filters are unable to remove undesired 

components like DC component and even harmonics orders from the input signal, 

and consequently the performance of this filter is low, so that the usage of anti-

aliasing filter is necessary to attenuate the effect of these components as much as 

possible. Full-cycle Fourier Filters have a good ability to remove DC Component 

and all harmonics of integer orders.  

Half-cycle DFT improves the speed of the relay at the expense of 

accuracy, while half-cycle DFT improves the accuracy of the relay at the expense 

of speed. It is clear that from the previous comparison between Fourier filters and 

Walsh filters for the same accuracy, Fourier filters have higher speed than Walsh 

filters, thus Fourier filters are widely used than other filters in computer relaying 

applications and by manufacturers of protection units. The choice option of any 
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filters depends on the protection system structures and the economic 

considerations. Each component of numerical relay unit needs a lot of study and 

analysis, because the total performance of the numerical relay is integrated. 

Ongoing monitoring efforts and case studies will provide the information to 

characterize system performance and to understand the problems well and to find 

the suitable solutions. 
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