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Abstract: In signal processing, frequency estimation is an important step to detect and
analyse power quality disturbances. In general, conventional strategies based on Fourier
transforms have been applied for this purpose. In this paper, a new strategy in estimating
the frequency of the signal in time domain is presented. This proposed strategy is based
on top-hat transforms. The signal is processed using both transforms, then the results
are compared to find the frequency estimation of the signal. By simulating this strategy
using Matlab, the results show good estimation for noise-free signal and signal with
SNR at higher than 30dB. The accuracy of the results decreases when analysing the
signal with SNR less than 30dB.
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l. Introduction

Several methods for frequency estimation have been applied on the signal such as Zero Crossing
method [1,2]. This method has good performance for well filtered or perfect waves. It also has a
high sensitivity to noise. Prony algorithm [3-6] also has a good performance in estimating the
frequency in a signal. This proposed which gives reliable estimates in presence of noise but has a
problem in the existent of the outliers due to the process on minimising the error between the
estimated signal and original signal.

Another method for estimating frequency is Kalman filter [7]. This method is suitable for noise
rejection, but it has a drawback where the process is slower compared with other methods. This
method is dependent on the model parameters adjustment (variance and covariance noise
matrices).

Demodulation is also can be used to estimate the frequency [2]. The main idea for this method is
to multiply the scalar input with a sine and cosine signal with a known frequency. This has a
sensitivity to large negative sequence component especially for fault conditions.

Phasor measurement angle changing [8] is also able to estimate the frequency signal. This method
uses a positive sequence phasor estimation. This method presents satisfactory results under large
frequency variations and is used in commercial PMUSs.

In this chapter, the new strategy in estimating the frequency of a sinusoidal signal is presented.
Even though for frequency estimation, the phasor angle changing method and demodulation
strategy generated satisfactory results, but this strategy gives an alternative for the future
application. This is because this method is based on mathematical morphology, the method that
just needs some simple calculation.
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Method
Top-hat Transforms

The strategy in estimating of the frequency of the signal is based on top-hat transforms. The input
signal f(x) is initially processed using top-hat SEs with value of structuring element (g) = 3 that
can be denoted as follows:

Thar = —(f °g) @
The effect of top-hat transforms on the signal can be seen in Figure 1. A small magnitude represent
the peak of the signal in positive value is generated when the signal is processed using the top-hat
transform while a negative value is generated by using the transform.
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Figure 1. Effect of top-hat transforms on the signal

Frequency Calculation

Results of top-hat transforms in a signal is used to estimate the frequency of the signal by
calculating the location time between the peaks of the signal. The result of the top-hat transform
as a vector or matrix (1 x m) are then used to find the frequency estimation of the signal. From this
matrix, the row number of the elements that contain zero value are deleted, and non-zero values is
recorded as a new matrix Tn1(n) as follows:

n Tnl(n) >0
T, = 2
ni(m) {[_] ’ Tnl(n) =0 @

where n =1, 2, 3, ..., m and m is the length of the processed samples. Then every element of the
matrix Ty is subtracted to become a new matrix T, using this formula:

Th2(n—1) = Tai(n)—Tny(n—1) (3)

From these results, the frequency estimation (fes) can be calculated using the following formula:
fes = fs/ max (Tn2 ) (4)

where fs is the sampling frequency. By choosing the maximum value of Ty, the values from the
top-hat transforms process that represent the noise in the signal can be eliminated.

Simulation and Results

There were some simulations undertaken using Matlab. This proposed strategy was used to
calculate the frequency of the signal in different conditions; noise free signals and signals
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containing noise. All signals were analysed in different frequencies and different values of SNR.
The sampling frequency for all simulations was 6.4 kHz with a structuring element (g) = 3.

3.1.Noise-free Signal
For the noise-free signal, the estimation process using the top-hat transform can be seen in Figure
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Figure 2: Results of top-hat transform for a noise-free signal

Figure 3 is the comparison of actual frequency and frequency estimation using the top-hat
transform for noise-free signal. The errors in this method increase gradually following the increase
of the frequency. This error can be seen in Figure 4. For frequencies 30 to 60 Hz, the error is less
than 1% while at 300 Hz it becomes 5% and at 500 Hz it is about 8%.

Actual Frequency vs Frequency Estimation

600

Actual Freq.
Freq. Estimation

500

Frequency
%] A
o] [o]
(=] (=]

N
o]
o

100

o . . . .
o 100 200 300 400 500

Samples

Figure 3: Actual frequency vs estimated frequency for noise-free signal
In Figure 3 the shape of the error is unique. It has a stair shape with some of the errors are zero or

near zero with the largest error is just about 8% for a frequency of 495Hz. This means that some
frequency is estimated correctly by this strategy especially for noise-free signals.
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Frequency vs Error
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Figure 4: frequency vs error for noise-free signal

3.2.Signal with Noise

The simulation has also been undertaken using different values of signal to noise ratio (SNR) to
show the effect of noise on the signal.

Signal with noise - SNR = 30dB
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Figure 5: Results of top-hat transform for signal with SNR=30dB

Actual Frequency vs Frequency Estimation - SNR = 30dB
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Figure 6: Actual frequency vs estimated frequency for 30dB signal
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Figures 5 to 7 show the estimation process using top-hat transform or signal with SNR=30 and the
frequency varying from 20Hz to 500Hz. It is clearly seen in Figure 6 that this method has a
difficulty in detecting frequency lower than 110Hz. In this frequency range, the errors are high
while in the frequency over 110Hz this method generates a better result. The error in this condition
can be seen in Figure 7 for the different frequency.
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Figure 7: frequency vs error for signal with SNR=30dB

The error for the frequency of lower than 100Hz happens due to the availability of noise in this
signal. This noise is processed by the top-hat transforms making this strategy generate an imprecise
estimation. The more noise exists in the signal, the higher the frequency estimation is produced.
For example, the result for a signal with frequency of 40Hz is 400Hz or ten times higher than the
expected frequency which is shown in Figure 7.

3.3.Signal at various frequencies

Figure 8 shows the results of the top-hat transform for a frequency of 100Hz. The actual frequency
versus estimated frequency for varies SNR (from 0dB to 100dB) at frequency 100Hz can be seen
in Figure 9. The error increased when the SNR was lower than 35 dB. This means that more noise
makes more errors in this method as can be seen in Figure 10.
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Figure 8: Results of top-hat transform for a noise-free signal at 100Hz
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Actual Freq y vs Freq| y Estimation at various SNR
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Figure 9: Actual frequency vs estimated frequency at 100Hz
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Figure 10: frequency vs error at 100Hz

For the signal with a frequency of 100Hz, the strategy has good results when the SNR value is

larger than 35dB.
This strategy successfully estimates the frequency of the signal at 300Hz when the signal has SNR

value greater than 18dB. It can be seen in Figures 11 to 13.
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Figure 11: Results of top-hat transform for a noise-free signal at 300Hz
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Actual f vs Freq imation at various SNR
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Figure 12: Actual frequency vs estimated frequency at 300Hz
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Figure 13: frequency vs error at 300Hz

At 500Hz, error for this strategy is less than 10% of the actual frequency when the SNR value of
the signal is bigger than 8dB, and it can be seen in Figures 14 to 16.
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Figure 14: Results of top-hat transform for a noise-free signal at 500Hz
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Figure 15: Actual frequency vs estimated frequency at 500Hz
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Figure 16: frequency vs error at 500Hz

Successful results have been made for this strategy when the signal has a frequency of 800Hz with
SNR is higher than 1. The simulation results for this frequency can be seen in Figures 17 to 19.
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Figure 17: Results of top-hat transform for a noise-free signal at 800Hz
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Actual F vs Freq y Estimation at various SNR
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Figure 18: Actual frequency vs estimated frequency at 800Hz
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Figure 19: frequency vs error at 500Hz

The proposed method also has been tested for frequency of 1kHz. The results can be seen in Figures
20 to 22.

The error for the signal at 1kHz is 6.5% of the actual frequency for the SNR greater than 8dB,
while the estimated frequency dropped to 8.5% below the actual frequency for SNR between 0 to
8dB.
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Figure 20: Results of top-hat transform for a noise-free signal at 1kHz
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Figure 21: Actual frequency vs estimated frequency at 1kHz
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Figure 22: frequency vs error at 1kHz

IV. CONCLUSION

This proposed strategy is based on the top-hat transforms to estimate the frequency of the signal.
The results show this method can handle low frequencies when the signal is a noise-free signal
while this method cannot handle low frequency, especially lower than 40Hz, in the signal
containing noise with SNR below 30 dB. For various values of SNR, the higher the frequency the
better results have been obtain with the optimum result at frequency 800Hz. This method is an
alternative method in estimating the frequency of a signal. By using MM, the burden in calculation
when using traditional methods can be reduced.
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