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Abstract. Signal processing errors are considered at an estimation of frequency-time parameters. The 
optimum weight function is proposed, which efficiency is determined on the basis of the generalized 
correlation analysis. Opportunities of signals filtration are investigated on the basis of wavelet-
transformations. 
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1. Introduction 

At signal processing of frequency sensor output and in various tasks of communication, navigation, 
radio and hydro locations, in systems of synchronization and control, it is necessary to estimate fre-
quency-time parameters. It results in necessity to measure a frequency, period or phase with a high 
stability at noise pollution of signals. Thus the accuracy and the noise-immunity depend on the effi-
ciency of algorithms used at signal processing and allowable time to achieve minimal errors of estima-
tions for frequency-time parameters. Theoretically the minimum error can be received on the basis of  
method of maximum of plausibility function but their realization needs a complex hardware and many 
channels in a device. So in practice, a broad spreading has got devices, using simplified algorithms. 
Increasing the efficiency of such devices was the main object of this research. 

 

2. Methods of Signal Processing 
The increasing of a signal processing efficiency will be considered on an example of the model used in 
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engineering practice that introduces as an additive mix of harmonious signal and random narrow-band 
process [1, 2]: 
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where Um, ω0 and ϕ0 are the amplitude, angular frequency and initial phase of a signal; A(t) and θ(t) 
are the random amplitude and phase of random process; ξ(t), U(t), ϕ(t) and Φ(t) are the random ampli-
tude, random phase and full phase of an additive process. One of the function representing is the in-
stant frequency connected to the full phase by the known ratio 
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where Ω(t)=ϕ(t) is the random frequency determined as a derivative from the random phase of re-
searched additive mix and describing speed of its change. 
 
The intensity of fluctuations of random frequency determines the error of frequency-time parameter 
estimation. The increasing of signal processing efficiency is achieved by a filtration and depends on 
the random process speed change, and characteristics of processing filter (an averaging circuit). The 
speed change of random process in the time area is characterized by the correlation function. The basic 
characteristic of the processing filter is the pulsed characteristic or its Fourier transformation. In a class 
of linear estimations for frequency-time parameters of signals at random process ω(t) and averaging on 
the time interval T, we used the average value calculation: 
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where g(t) is the pulsed characteristic of processing filter, satisfying to the condition 1( )2/
2/
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T

. The 

error of an estimation of average value of instant frequency can be determined having calculated the 
correlation function of fluctuations of averaging result on the basis of transformations [2]: 
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where Wf(Ω) and Kf(τ) are the power spectrum and correlation function of frequency fluctuations aver-
aging realizations ω(t); K2(Ω) and Kg(t) are the square of module of transmission function and correla-
tion function of pulsed characteristic of processing filter. Hence, the correlation function of estimation 
error of average value of instant frequency represents the convolution of correlation functions of re-
searched process and the filter. The dispersion can be determined from (1) at τ=0, various kinds of 
power spectrum Wf(Ω) and transfer functions averaging. 
 



Sensors & Transducers Magazine (S&T e-Digest), Vol.46, Issue 8, August 2004, pp.280-284 
 
 

 
 

282 

One of variants of filter transfer function allowing to receive various partial solutions can be received 
as the generalized equation [2]: 

)]1([csin)]1([csin),(K α−δα+δ=δα , 

where 4/TΩ=δ ; xxxc /)sin()(sin = , and 10 ÷=α  are pa-

rameters, which help to change the K(α, δ) (or g(t)), 
and to find, for example, at α=1 the characteristic aver-
aging, allowing to receive the estimation equals to the 
average integrated value of researched realization of 
classical device with the pulsed characteristic g(t)=1/T. 
The mechanism of error formation and conclusions 
about the efficiency of considered filtration can be re-
ceived from the graph K(α, δ), shown in Figure 1. 
This characteristic averaging determines the estimation 
error of average value of instant frequency. At averag-
ing devices design based on the considered function 
K(α, δ), there is an opportunity to change the central 
area limited to the surface of central peak of function 
K(α, δ) and levels of lateral petals at constant T and 
various values of parameter α.  According to (1) the function K(α, δ) directly influences the dispersion 
of estimation of average value of instant frequency ω(t). 

 
Depending on the α maximum the first lateral petal of function K(α, δ) can be changed from -14 dB 
at α=1, up to -27 dB at α=0. Simultaneously with the change of values of lateral petals it is visible an 
expansion of central petal, essentially influencing to the estimation error. In order to increase the accu-
racy of estimation of average value ω(t) there is an opportunity, "to coordinate" frequency-time charac-
teristics of device in spectral characteristics averaging realizations by changing the K(α, δ). The best 
results can be obtained on the basis of a method of uncertain multipliers if to use the signal processing 

algorithm providing the minimum of dispersion for continuous time as function 3/)(6)( TtTttg −= , with 

the high efficiency of noises suppression and quantization error minimization [2, 3]. The usage of such 
weight processing for signal results in essential decrease of dispersion in comparison with the averag-
ing integrated estimation. In this case the processing efficiency can be increased in several hundred 
times, differing from the maximum plausible estimation on 0.5 dB without the analysis time increas-
ing. 

 
The filtration efficiency of frequency-time parameters on the basis of described methods is reduced at 
small signal/noise ratio as in these conditions realization of estimations is accompanied by emissions 
as random amplitudes and phases, which result in rough errors of result. 
 
The precision estimations of frequency-time parameters of signal at the small signal/noise ratio is pos-
sible, by using a wavelet-filtration of additive mix [1]. 
 
Let's apply the wavelet-transformation to the investigated signal: 

α

K(α,δ) 

Fig. 1. Fragment of a surface of the module transmission 

function of the device with weight processing a signal 

δ



Sensors & Transducers Magazine (S&T e-Digest), Vol.46, Issue 8, August 2004, pp.280-284 
 
 

 
 

283 

∫ τµ=τµ ∞
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where µµττµ /]/)[(),,( −= twtw  is the designation of wavelet-function; µ and τ provide the necessary 

scaling and displacement in time. 
 
Let's take advantage of widely spreaded model of 
wavelet-function, received, for example, as the second 
derivative from the Gauss function (Mhat-wavelet): 

)2/exp()1()( 22 tttw −−= , and execute the wavelet-filtration 

for the researched signal. The results are adduced in 
Figure 2 and Figure 3. The direct wavelet-
transformation (wavelet-spectrum) of a harmonious 
signal of sensor is shown in Figure 2. The additive 
mix x(t) and inverse wavelet-transformation are shown 
in Figure 3. Depending on the normalized time, when 
amplitude of signal equals to the averaging meaning 
of noise, the signal/noise ratio can be -3 dB. As fol-
lows from the wavelet-spectrum analysis, the basic 
information is in the area of small meanings of scales. 
Despite of large noise pollution in the signal, the peri-
odic component presents in the analyzed additive mix. The high-frequency components fluctuations 
also settle down in the area of small scales. 
 

3. Conclusions 
Described methods of signal processing for frequency sen-
sor allow reducing the quantization error as well as the 
noise component in the total error without increase of av-
eraging time. At small meanings of the signal/noise ratio it 
is obvious, that existing methods cannot be used for esti-
mation of frequency-time parameters of signal especially 
at the limited duration of analyzed realization. 
 
As follows from the plots, the noise wavelet-filtration of 
signal allows the efficiency increasing of signal process-
ing. It essentially reduces fluctuations, excludes emissions 
and let to obtain estimations for frequency-time parameters 
of signal with high accuracy and noise-immunity. 
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Fig. 3. 1– Realization a signal and noise
(Um/σ=1); 2 – Result wavelet filtra-
tion 
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Fig. 2. Direct wavelet-transformation additive mixture 

of the harmonic signal and random process. 
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