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Improving the precision of the frequencies evaluated with an
interpolation method based on maximizer obtained after
iterative signal truncation
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Estimating the harmonic components of a signal is based on
calculating the signal energy on certain spectral bins that position is
defined by the signal time length. Because of this mode of calculation, a
difference between the true frequency and the estimate is usually found.
In this paper, we present an advanced frequency estimation method,
which searches first for the time length for which an entire number of
cycles is contained in the signal and afterward calculates the Discrete
Fourier Transform (DFT). The results have been found significantly
closer to the true frequency as those obtained by a standard DFT
applied to the original signal, but it still depends on the number of
cycles involved. To further improve the estimation results we propose a
methodology to make a correction depending on the number of cycles
and sampling frequency.
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1. Introduction

Standard frequency estimation methods, as the DFT or its derivatives, are not
able to indicate small frequency changes because the results are in direct relation
with the acquisition time [1]. The shorter the acquisition time, i.e. the length of the
acquired signal, the bigger the distance between two spectral bins and coarser the
frequency estimate is. Still, the accuracy of the frequency estimates is essential in
many engineering applications [2-4]. Techniques to improve frequency estimation
are based on determining a frequency correction term. This is smaller than the
distance between two spectral lines and places the estimated frequency in an inter-
bin position [5].
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The simplest techniques involve interpolation to obtain the correction term.
Interpolation is made for two or three DFT samples in the frequency range of
interest in the spectrum [6-11]. We found that the results accuracy increases, but
still depend on the acquired signal length [12].

A different approach to precisely identifying the frequency components of a
signal, developed by the authors, is to truncate the original signal with a given
number of samples by iteration and to calculate the DFT for each of the resulted
signals. The achieved spectra are overlapped and a dense spectrum results. Now,
the biggest maximizer is identified the frequency range of interest. Its position in
the spectrum indicates the true frequency [13-16]. In this way we eliminates the
dependence of the frequency estimate on the acquisition time and the resulted
errors are very small compared to those achieved by using the actual techniques.
However, applying this method we observed that the maximizer take positions after
a pseudo-sinc function [17], which is asymmetric and is the cause of the small
errors. In this paper, we propose a method to correct the interpolation results by
considering the sampling frequency and the number of cycles contained in the
finally truncated signal.

2. The pseudo-sinc function

We developed an algorithm that involves iterative truncation of the original
signal having the time length f¢[s], which presumes applying rectangular

windows with different time lengths #y; [s]. This means reducing the number of

samples Ns contained in the original signal with a certain number of samples by
iteration. We reduce usually two samples by iteration, so after i iterations the
number of samples cropped from the original signal is 2i, remaining
Ns; = Ng —2i samples. Obviously, the index i stay for the number of the applied
window.

For each resulted signal the maximizer is found by calculating the DFT. The
aim is to find the biggest maximizer and identify the spectral bin on which it is
located. It indicates that the truncated signal for which this maximizer is found
contains an entire number of cycles for the targeted frequency component. For this
signal length the frequency resolution produces such a distribution of the spectral
bins that one corresponds to the true frequency. Therefore, the measured frequency
is extremely close to the true frequency, the errors being negligible.

Because the spectral bins of the overlapped spectrum are not equidistantly
distributed, the envelope of the overlapped spectrum is not a sinc function but a
pseud-sinc function [17]. This makes the envelope asymmetric. Due to the energy
contained at each spectral bin, dependent on the width of the frequency resolution,
the amplitudes are distorted. This made us considering that the frequency
estimation can be further improved.
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Figure 1. The overlapped spectrum obtained after many signal truncation

A characteristic representation of a dense overlapped spectrum that contains
many maximizer is presented in Fig. 1. Each maximizer shown in this figure
belongs to a spectrum obtained for a particular analysis time #y; . We find the
frequency either on the spectral bin where the biggest maximizer is located, or
finer, by interpolation made for the biggest three maximizer.

3. Tests performed to improve the method’s accuracy

We make simulation for several cases consisting in the number of entire
cycles contained in the original signal, see Table 1. For these cases we perform
estimation and show the frequencies estimated with the standard DFT and the
method that involves truncation of the signal until an entire number of cycles is
achieved. We generated the analyzed signal with the frequency f =6.33Hz to

have a clear benchmark. The number of cycles taken into consideration is 5, 6, 12
and 17, and the corresponding number of samples is calculated in respect to the
sampling rate. Fig. 2 shows the inter-bin amplitude resulted from interpolation.

Table 1. Simulation cases

Number of | Sampling Generated | No. of cycles | Standard DFT PyFEST
samples | frequency frequency estimation estimation
N[ r[- f1Hz] [ Jorr [Hz] Jourest [Hz]
360 1000 6.33 5 6.6852 6.3107
410 1000 6.33 6 5.8680 6.3197
790 1000 6.33 12 6.0837 6.3317
1090 1000 6.33 17 6.2443 6.3326
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Points for 5 cycles selected: Frequency =6.3107 Points for 6 cycles selected: Frequency =6.3197
DFT Amplitude = 158.2169 Real Amplitude = 0.9951 DFT Amplitude = 189.7744 Real Amplitude = 0.9988
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Figure 2. The overlapped spectra containing the DFT samples used for
interpolation obtained after many signal truncation

It can be observed from Figure 2 the asymmetry of the overlapped spectrum. It
is also obvious that this asymmetry loss on significance when the number of cycles
contained in the original signal increase and consequently the time length increase.
By lengthening the time, we get better results.
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Figure 3. Error curves for different signals—interpolation made for DFT samples

Figure 3 shows the error curves plotted for four curves: two having the
frequency 6.33 Hz and are generated with the sampling rate 1000 respectively 2000
and the other two having the frequency 7.58 Hz, generated again with the sampling
rate 1000 respectively 2000. Because the signal is iteratively truncated and other
energy is found in it, we propose herein to consider the Power Spectral Density
(PSD), which normalize the energy of the spectral bin with the frequency
resolution. In this way, the accuracy of the achieved results increases and the error
is predictable.
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Figure 4. Error curves for interpolation made on DFT respectively PSD samples
4. Conclusion
We analyze an original interpolation method to estimate the frequency

components of a signal using DFT samples belonging to spectra obtained for
different time lengths. The method is proved reliable and errors less than 1% are
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obtained. The precision increases with the time signal’s length becoming negligible
when considering numerous cycles in the original signal.

The proposed method can be improved by taking for interpolation PSD
samples. These present the advantage that, for the different cropped signals, the
effect of the time length is suppressed by normalization. The results are
significantly improved compared with the case when we use the DFT samples,
especially for a small number of cycles.
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