
15 

 

       
 

On-line Power Frequency Estimation Using 

Real-Time Wavelet Transform  

 

1
M. Forghani, 

2
S. Afsharnia  

1
epartment of electrical and computer engineering, University of Tehran, Tehran, Iran 

 

Abstract： 

This paper proposes a new technique for estimating the fundamental frequency of 

power system in harmonic condition by using real-time wavelet transform. Indeed, the 

fundamental component of the distorted system voltage is extracted using real-time 

wavelet transform and then the frequency of the fundamental component can be 

estimated using a simple mathematical method. In spite of other methods for 

estimating the power frequency, which are so complicated and time consuming to 

have a good accuracy or simple methods which are not accurate in presence of 

harmonic, the proposed method can extract the power frequency not only so fast but 

also with acceptable accuracy. The fast operation of this technique makes its response 

more accurate in dynamic and transient conditions. Simulation results validate the 

proposed technique for power frequency estimation in harmonic condition. Also, 

comparisons of this technique and least square method are presented to show the 

advantageous of this novel method. 
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1. Introduction 

Industries with sensitive electrical loads are becoming more dependent on the power 

quality of power supply system [1]. Power system frequency, as a key index of power 

quality, can be indicative to unexpected system faults and disturbances. For a large, 

stiff power system, variation in frequency will usually slow due to large mechanical 

inertia of the system [2]. In this case, estimation of the main power frequency is an 

important for the control and protection of power system. However, for a smaller 

system, frequency changing will be correspondingly faster and the algorithm with fair 

dynamic property is required.  

In either case, for compensating distortion of voltage and current of power system 

using active power filter, most of the well-known control strategies depend on power 

frequency of the system. For instance, if there is a slight frequency drifting FFT can 

not extract the exact value of magnitude of the base frequency (power line frequency) 

[3]. 

A variety of techniques and algorithms have been developed and evaluated for real-

time estimation of power system frequency in recent years. The simplest method is 

zero-crossing detection technique and its modification by using curve fitting of 

voltage samples [4]. Although, this algorithm is relatively simple and reliable under 

low level noise contamination, the accuracy will be deteriorated in the presence of 

heavy harmonic distortion, power system transient and dynamic condition.  

Least square error technique [5] Discrete Fourier Transform (DFT) [6] technique 

often used assumes sinusoidal waveforms of one frequency and is unreliable in the 

presence of distortion. Other techniques utilizing recursive least square estimation [7] 

and recursive Newton techniques [8] are complicated and time consuming for 

extracting the power frequency in presence of harmonic and they are not suitable for 

real-time applications. 

Some adaptive methods, which are based on feedback loop are adapted to improve the 

performance of approaches based on Fourier algorithm, by either timing the sampling 

interval [9] or adjusting observation window length [10] or changing the nominal 

frequency in Fourier algorithm iteratively [11] and amending the gain of orthogonal 

filters in Fourier algorithm recursively [12-13] according to the latest frequency 

estimation. 
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Several kind of nonlinear curve fitting techniques have been proposed to estimate not 

only fundamental frequency but also harmonic. The adapted techniques, such as 

extended Kalman filtering [14-15] and adaptive notch filter [16] can not provide a 

precise measurement over a wide frequency range. A revised digital algorithm named 

Smart Discrete Fourier Transform (SDFT) [17] can provide the exact solution of 

power frequency recursively, but it have trade off between accuracy, the length of 

observation window and computation complexity. These methods require 

considerable computational resources and, therefore, can not be economically 

implemented.  

A new numeric technique and its practical implementation are presented in [18]. By 

defining the frequency estimation as an unconstrained optimization problem, a variety 

of optimization techniques such as genetic algorithm [19] and artificial neural 

network [20-22] are adopted to achieve high measurement accuracy over a wide range 

of frequency deviation and fast algorithm convergence. 

In this paper, a new technique for fast estimating the power frequency is proposed. In 

the proposed technique, the harmonic components of the waveform are eliminated 

using wavelet transform and Multi-Resolution Analysis (MRA) and then the 

frequency of the fundamental component can be extracted using a simple and fast 

technique for real-time frequency estimation application. In section 2 and 3, principle 

concept of the proposed method will be discussed. Comparison the proposed 

technique and least square method through simulation results are presented in section 

4 for validating the proposed technique. Section 5 concludes this paper.  

 

2. Wavelet Transform and MRA 

The wavelet transform is a mathematical tool, much like a Fourier transform in 

analyzing a stationary signal that decomposes a signal into different scales with 

different levels of resolution by dilating a signal prototype function. Unlike the 

Fourier transform which gives a global representation of a signal, the wavelet 

transform provides a local representation (in both time and frequency) of given signal; 

therefore, it is suitable for analyzing a signal where time-frequency resolution is 

needed. 

A wavelet transform maps the time-domain signals in real-valued time-frequency 
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domain, where the signals are described by the wavelet coefficients [23]: 
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where j  and k  are wavelet frequency scales, wavelet time scale, respectively, and c 

and d are wavelet coefficients. 

Time-varying signal can be represented in terms of its frequency components, using 

MRA. For instance, if the source signal contains 1000 samples of a time domain 

waveform, the signal is divided into two domains with 0-250 Hz and 250-500 Hz 

frequency components by using one-stage MRA.  

For estimating the frequency of fundamental component of system voltages, the 

sampling frequency should be defined accurately by making trade off between the 

computation time and the accuracy of the response. For obtaining the fundamental 

component waveform, n-stage MRA should be implemented to the sampled 

waveform. For instance, in previous example, n should be took equal 8 to eliminate 

the effect of harmonic components. It is assumed that third harmonic of the voltages 

is eliminated by the transformer of the system. Fig. 1 shows an 8-stage MRA for the 

waveform of previous example. 

 

 

 

 

 

Fig. 1. 8-stage signal decomposition using MRA 

For real time applications, the real time wavelet transform should be used to 

determine the fundamental component of system waveforms. For this purpose, a 

synthetic wave form which is the combination of the original waveform and its 

symmetric is used as source signal (Fig. 2). 

H

L

S H

L

1000

~1000/2

H

L

~1000/4

~1000/4

~1000/256

~1000/256
V1st

Step 1 Step 2 Step 8



19 

 

If the amplitude of the waveform varies against time, the response of the algorithm 

may be became disrupted, however, curve fitting method will be used for predicting 

the alteration of the waveform. 

Fig. 2 shows a typical distorted waveform that its amplitude increases at the first of 

third cycle which is shown in the figure and best fit (or curve fitting) method predicts 

the amplitude of fundamental component amplitude of the waveform and produces 

 

 

 

 

 

 

Fig. 2. Synthetic waveform used for real-time wavelet transform 

dashed line waveform with respect to the proportion of the estimated fundamental 

component amplitude and the fundamental component amplitude of previous cycle.  

 

3. Frequency Estimation Method 

Let )(
1

tv  be the fundamental component of the distorted voltage of the system 

obtained using MRA, so, it can be explained as: 
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where t  is the sampling time interval. Summing equations (5) and (6) will result as: 
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And then from equations (7) and (4); we can write: 
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So, the fundamental power frequency can be obtained from equation (8) as: 
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where 
s

f  is sampling frequency. It is noted that the power frequency is estimated with 

one sampling time interval delay, because in practice, the sample points are obtained 

from ttt  2,,0  instead of ttt  ,0, .  

Fig. 3 shows a sinusoidal waveform that its fundamental frequency varies with time 

according to Fig. 4. Fig. 4 shows the frequency of the fundamental component that 

jumps at 0.06 and 0.08 seconds, also, the estimated frequency using the proposed 

method is shown in Fig. 4. It is shown that if the frequency of the power system 

jumps to a higher or lower value, the estimated power frequency using the proposed 

method can be obtained so fast. In practice, the oscillation of the frequency is so slow 

because the mechanical system situation varies slower than electrical system. Fig. 5 

shows the frequency of a waveform (dashed line) which varies slowly. The estimated 

frequency obtained using proposed algorithm is shown in Fig. 5 by black line. In this 

case, the accuracy of the response decreases. It is due to the slope of the frequency 

variation, which causes different frequency for each successive sampling point 

(equations (5) and (6)). In this condition, the power frequency is determined with 

error, but, if the fundamental frequency jumps to another value (previous example), 

after passing three sampled points, the frequency of each sample will be became equal 

and so the estimated frequency obtained more accurately and so fast.  

For solving the problem for the case of slow variations, the frequency of each sample 

should be considered different. For this purpose, equations (5) and (6) are defined as: 
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Same as before, by summing equations (10) and (11) and solving the result for 
1

 , 

frequency of power system can be obtained as: 
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  Fig. 3. Voltage of phase (a) with step frequency 

 

 

 

 

 

 

 

Fig. 4. Waveform frequency and estimated frequency using proposed algorithm 
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Fig. 5. Power frequency estimation using proposed technique 

In this case, it is assumed that the value of t
1

  and t
1

  and so 

tt 
 11

  are very small and the statements which contain these values are 

ignored. The accuracy of the proposed method increases using the second solution for 

estimating the frequency. In spite of the first solution, recent solution estimates the 

frequency of the system without any time delay.  

Fig. 6 shows the fundamental frequency of a typical waveform (same as Fig. 5) and 

the estimated frequency using recent method. It is shown that the accuracy of 

estimation especially for continuous variations is improved using second solution. 

 

 

 

 

 

 

 

Fig. 6. Power frequency estimation using second solution of proposed technique 
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4. Simulation Results 

The proposed control strategies will be validated through simulation results using 

MATLAB/SIMULNIK software package. In this section, second solution of the 

proposed method is used to estimate the fundamental power frequency. Sampling 

frequency is selected 5 kHz. Therefore, by taking 100 samples in one cycle of the 

system voltages, trade off is taken between the accuracy of the response and 

computing time. 

The nominal phase voltage and frequency of the system used in this simulation are 

3/20kv  and Hz50 , respectively. The system contains nonlinear loads which make 

the source voltages distorted as shown in Fig. 7 for phase (a). Least square method 

[5], [24]  is relatively simple method, so, in this simulation this method is used to 

estimate the power frequency of the system.   

 

 

 

 

 

 

Fig. 7. Voltage of phase (a) with harmonic distortion 

 

 

 

 

 

 

 

Fig. 8. Power frequency estimation 
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For estimating the fundamental power frequency in presence of harmonic, the least 

square method should be developed for limited number of harmonic components. It 

can estimate the exact value of power frequency in presence of low level harmonic 

components. Fig. 8 shows the fundamental frequency of the system and the estimated 

frequency obtained using both least square method and proposed technique. It can be 

found that the accuracy of the proposed technique result, especially for large 

frequency oscillation is more acceptable then least square method. The great error in 

the result of least square method is due to high harmonic pollution of system voltages.  

One of the best advantageous of the proposed technique is its fast frequency 

extraction which makes this technique suitable for small power networks with great 

frequency oscillation. Moreover, if the fundamental component of source voltages 

varies with time or the harmonic components of the voltages change, most of the 

well-known algorithm can not estimate the exact value of power frequency 

immediately after variations. Fig. 9 shows the source voltage of the power system that 

the amplitude of the fundamental component increases 10 percent at 0.06 sec by 

disconnecting one of the great loads of the system. In this case, harmonic pollution of 

the voltages assumed to be low level aim to show the performance of the methods in 

dynamic condition. The estimations of its fundamental frequency obtained by least 

square and proposed method are shown in Fig. 10. It is shown that the performance of 

the proposed technique is better in dynamic conditions. The error in the proposed 

technique result mostly is caused by the error of extracting the fundamental 

component of the voltage waveform by using wavelet decomposition and MRA 

technique.  

The great variation of the least square method is affected by the number of samples 

used in the algorithm. the lower the number of samples, the lower response accuracy 

in steady state condition, but the higher number of samples causes better accuracy in 

steady state condition and lower speed and so accuracy in dynamic condition. The 

relatively accurate response of the proposed technique in presence of harmonic is due 

to the fewer sampled point used in this technique in the condition that the harmonic 

components eliminated using MRA. Therefore, the proposed technique can extract the 

power frequency not only so fast but also with acceptable accuracy. 
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Fig. 9. Voltage of phase (a) that its amplitude increase in 0.06 sec 

 

 

 

 

 

 

 

Fig. 10. Power frequency estimation 

 

5. Conclusion 

In this paper, a new algorithm for estimating the fundamental frequency of power 

system is proposed. Most algorithms and techniques, proposed for extracting the 

frequency of the system, are not suitable for real-time applications. The accurate 

techniques, such as Newton algorithm, optimization methods and iterative techniques 

are time consuming and they are not suitable for real-time estimating the frequency in 

harmonic condition. Proposed technique is based on wavelet decomposition and 

Multi-Resolution Analysis to extract the fundamental component of the distorted 

waveform and a simple straight method to estimate the frequency of the sine 

waveform.  

The proposed technique provides a simple implementation with acceptable accuracy 

especially in dynamic and harmonic condition, so this method seems to be suitable for 

real-time applications which the speed of estimation plays an important role. 

0 0.02 0.04 0.06 0.08 0.1
-150

-100

-50

0

50

100

150

Time (sec)

V
o
lt
a
g
e
 o

f 
p
h
a
s
e
 a

 (
V

)

0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

49.2

49.4

49.6

49.8

50

Time (sec)

F
re

q
u
e
n
c
y
 (

H
z
)

Least square

Proposed method



26 

 

Comparison the proposed technique and modified least square method (which is 

relatively simple and fast) as well as simulation results in various conditions validate 

the proposed method. Simulation results show that the proposed technique can extract 

the power frequency not only so fast but also with acceptable accuracy. 

 

References 

[1] A.M. Gaouda, M.M.A. Salama, M.R. Sultan, A.Y. Chikhani, “Power Quality 

Detection and Classification Using Wavelet-Multiresolution Signal 

Decomposition”, IEEE Trans. On Power Delivery, Vol. 14, No. 4, October 1999, 

pp. 1469-1476. 

[2] T. Lin, M. Tsuji, E. Yamada, “A Wavelet Approach to Real Time Estimation of 

Power System Frequency”, SICE conference, Nagoya, July 25-27, 2001, pp. 58-

65. 

[3] A.A. Girgis, F. Ham, “A Quantitative Study of Pitfalls in FFT”, IEEE Trans. 

Aerosp. Electronic system, Vol. 16, No. 4, 1980, pp. 434-439. 

[4] M. M. Begovic, P. M. Djuric, S. Dunlap, and A. G. Phadke, “Frequency Tracking 

in Power Networks in the Presence of Harmonics”, IEEE Trans. on Power 

Delivery, vol. 8, no. 2, Apr. 1993, pp. 480–486. 

[5] M.S. Sachdev, M.M. Grady, “A Least Square Technique for Determinig Power 

System Frequency”, IEEE Trans. On Power Apparatus and systems, Vol. 104, 

No. 2, 1985, pp. 437-443. 

[6] G. Phadke, J. S. Thorp, and M. G. Adamiak, “A New Measurement Technique 

for Tracking Voltage Phasors, Local System Frequency, and rate of change of 

frequency,” IEEE Trans. on Power Apparatus and Systems, vol. 102, no. 5, May 

1983, pp. 1025–1038. 

[7] Kamwa, R. Grondin, “Fast Adaptive Schemes for Tracking Voltage Phasor and 

Local Frequency in Power Transmission and Distribution Technique”, IEEE 

Trans. On Power Delivery, Vol. 7, No. 2, 1992, pp. 789-795. 

[8] V.V. Terzija, M. B. Djuric, B. D. Kovacevic, “Voltage Phasor and Local System 

Frequency Estimation Using Newton-type Algorithm”, IEEE Transaction on 

Power Delivery, Volume 9, No. 3, 1994, pp. 1368-1374. 

[9] G. Benmouyal, “An Adaptive Sampling Interval Generator for Digital Relaying”, 

IEEE Trans. On Power Delivery, Vol. 4, No. 3, 1989, pp. 1602-1609. 



27 

 

[10] D. Hart, D. Novosel, “A New Freqency Tracking and Phasor Estimation 

Algorithm for Generator Protection”, IEEE Trans. On Power Delivery, Vol. 12, 

No.3, 1997, pp. 1064-1071. 

[11] H.S. Song, K. Nam, “Instantaneous Phase Angle Estimation Algorithm Under 

Unbalanced Voltage Sag Conditions”, IEE Proceeding on Generato, 

Transmission and Distribution, Vol. 147, No. 6, 2000, pp. 409-415. 

[12] P.J. Moore, R.D. Carranza, A.T. Johns, “A New Numeric Technique for High 

Speed Evaluation of Power System Frequency”, IEE Proceeding on Generato, 

Transmission and Distribution, Vol. 141, No. 5, 1994, pp. 529-536.  

[13] P. J. Moore, J.H. Allmelling ,A.T. Johns, “Frequency Relaying Based on 

Instantaneous Frequency Measurement”, IEEE Trans. On Power Delivery, Vol. 

11, No. 4, 1996, pp. 1737-1742. 

[14] P.K. Dash, A.K. Pradhan, G. Panda, “Frequency Estimation of Distorted Power 

System Signals Using Extended Complex Kalman Filter”, IEEE Trans. On Power 

Delivery, Vol. 14, No.3, July 1999, pp. 761-766. 

[15] Routray, A.K. Pradhan, K.P. Rao, “A Novel Kalman Filter for Frequency 

Estimation of Distorted Signals in Power Systems”, IEEE Trans on 

Instrumentation and  Measurement ,Vol. 51, No. 3, June 2002, pp.469-479. 

[16] P. K. Dash, B. R. Mishra, R. K. Jena, and A. C. Liew, “Estimation of Power 

System Frequency Estimation Using Adaptive Notch Filters,” in Proc. EMPD’98, 

IEEE Cat. No. 98Ex137, pp. 143–148. 

[17] J.Z. Yang, C.W. Liu, “A Precise Calculation of Power System Frequency”, IEEE 

Trans on Power Delivery, Vol.16, No. 3, July 2001, pp. 361-366. 

[18] P. J. Moore, R. D. Crranza, and A. T. Johns, “A New Numeric Technique for 

High-Speed Evaluation of Power System Frequency” Inst. Elect. Eng. Proc.—

Gen., Transm. Distrib., vol. 141, pp. 529–536, 1994. 

[19] K.M. Elnaggar, H.K. Youssef, “A Genetic Based Algorithm for Frequency 

Relaying Applications”, Electric Power System Research, Vol.55, No.3, 2000, 

pp.173-178. 

[20] A Cichochi, T. Lobos, “Artificial Neural Network for Real Time Estimation of 

Basic Waveform of Voltages and Currents”, IEEE Trans. on Power System, Vol. 

9, No. 2, 1994, pp. 612-617. 

[21] P.K. Dash, D.P.Swain, “An Adaptive Neural Network Approach for the 

Estimation of Power System Frequency”, Electric Power System Research, 



28 

 

Vol.41, No. 3, 1997, pp.203-210. 

[22] L.L. Lai, W.L. Chan, “Real Time Frequency and Harmonic Evaluation Using 

Artificial Neural Network”, IEEE Trans. On Power Delivery, Vol. 14, No. 1, 

1999, pp. 52-57.  

[23] W.K. Yoon, M.J. Devaney, “Power Measurment Using the Wavelet Transform”, 

IEEE Trans. On Instrumentation and Measurment, Vol. 47, No.5, October 1998, 

pp. 1205-1210. 

[24] Kamwa, R. Grondin, “Fast Adaptive Schemes for Tracking Voltage Phasor and 

Local Frequency in Power Transmission and Distribution Systems,” IEEE Trans. 

on Power Delivery, Vol. 7, No. 2, Apr. 1992, pp. 789–795. 

 


