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Abstract—a new method of random error separation based on 
wavelet transform and the frequency bands character of 
measurement data is proposed. Approximates the random 
error with the detail components of the wavelet decomposition, 
determines the optimal decomposition level on the frequency 
intervals between the random errors and other components, 
and finally gets the random error by reconstructing all the 
detail components. The method is simply and efficient, avoids 
the indirect error with modeling and indirect methods, and 
computer simulation proves the robustness of the separation 
results. 
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I.  INTRODUCTION  

Random errors and fixed errors are the main errors in the 
measuring data. It is a very important job to separate the 
random errors, which is helpful to estimate the true value and 
analysis the fixed errors. Affected by the measuring 
equipments and conditions, the measuring data sometimes 
exhibit bad SNR (Signal Noise Ratio) with large error value 
which often don’t accord with white noise model, and the 
routine methods as follows can’t get satisfying separating 
results.  

The variate-difference method and the least square fitting 
method are classic methods to calculate the random error, 
which discussed in [1]. However, these two methods are not 
competent for the data with large and complicated errors. 
The autoregressive-moving average model statics method, 
applied in [2] is applicable for the data with explicit error 
models, which can’t be practical for the most instances. 
Other regressive statics methods see in [3] need the user with 
professional knowledge of mathematics and modeling. 

As a powerful tool of signal analysis, wavelet transform 
has good localization properties in time and frequency 
domain, and can focus to any details of the analysis object 
with taking fine time or frequency step length of high 
frequency, express any changes existing in the object, so as 
to get accurate random error separation results from the 
measurement data with bad SNR, see in [4] ~ [9].  

By using wavelet transform to separate the random error, 
the key process lies in the determination of optimal 
decomposition levels. On the one hand, we want to separate 
the random error components as far as possible, on the other 
hand, keep the fixed errors and true value apart from the 

separated random errors. The current methods need either 
manual setting threshold control or results testing with 
extracted trend by wavelet transform, which increase the 
difficulty of the application of separation methods and raise 
the risk of error introduced. In accordance with the above 
case, the paper proposes a new method which approximates 
the random errors with the detail components of the wavelet 
decomposition, determines the optimal decomposition level 
on the frequency intervals between the random errors and 
other components, then gets the random error directly. The 
method avoids the indirect error with modeling and indirect 
methods, and computer simulation proves its simplicity and 
efficiency. 

II. WAVELET TRANSFORM OF THE MEASUREMENT 

DATA 

A. Summarize of Wavelet Transform 

Wavelet transform is made up of wavelet decomposition 
and wavelet reconstruction. The decomposition process can 
be iterated, with successive approximations being 
decomposed in turn, so that one signal is broken down into 
many lower resolution components. This is called the 
wavelet decomposition tree. 

Fig. 1 shows the tree diagram of signal S after three 
levels wavelet decomposition. S denotes the signal to be 
decomposed, Ai denotes approximation components of 
decomposition, and Di denotes detail components of 
decomposition. The subscript expresses the decomposition 
levels. 

 
Figure 1.  Tree diagram of 3 levels wavelet decomposition. 

Reconstruction is the inverse process of wavelet 
decomposition. First of all, reconstruct the approximation 
and detail components on the lowest level to get 
approximation components of last level. Repeat this process 
till recovering the original signal. 

Proceedings of the 2nd International Conference on Computer Science and Electronics Engineering (ICCSEE 2013)

Published by Atlantis Press, Paris, France. 
© the authors 

2524



 

Between decomposition and reconstruction we may 
modify the wavelet coefficients before performing the 
reconstruction step. We perform wavelet analysis because 
the coefficients thus obtained have many known uses, de-
noising and compression being foremost among them. 

B. Frequency Localization of Wavelet Transform 

Through the definition of wavelet basic function, the 
graph center of the function is similar with a periodic 
function and attenuates quickly outside that, which can be 
considered as a window function with a certain frequency 
character as in [9]. If a signal’s frequency is close to the 
wavelet basic function, the scale of the signal in the window 
will be amplified, attenuated on the contrary. With the shifts 
and expansions of wavelet basic function, we can recognize 
the signal’s frequency characters. 

Unlike the windowed Fourier transform, high frequency 
wavelets are very narrow, while low frequency wavelets are 
much broader. As a result, the wavelet transform is better 
able than the windowed Fourier transform to "zoom in" on 
very short-lived high frequency phenomena, such as 
transients in signals. 

C. Application in Random Error Separation 

The existing methods of random errors separation which 
using wavelet transforms mainly extract trends of the 
measurement data and get the random errors by subtracting 
the trend items, which is difficult to apply because it requires 
the precise modeling of the true values and fixed errors. The 
paper implements the separation from another perspective, 
which directly uses the details of wavelet transform 
approximate the random errors of measurement data, 
determines the wavelet decomposition levels based on the 
frequency bands character of the measurement data and 
separates the random errors directly which avoiding 
additional errors from the modeling process. 

The new method of this paper need not know the error 
models that the random errors or the fixed errors satisfy with. 
The only thing we should pay attention to is setting up the 
relationship between the  frequency bands character of the 
measurement data and the decomposition levels of the 
wavelet transform, and finding out the optimal 
decomposition level when the random errors has been 
separated entirely. 

III. METHOD OF RANDOM ERRORS SEPARATION 

A. Frequency Bands Character of Measurement Data 

Uses the following mathematical model to express the 
measurement data as in [10]: 

( ) etfy +=                                     (1) 

Where e  is the random errors, y  is the measurement 

data, ( )tf  is the other components except the random errors.  
The actual signal usually has distinct spectrum 

distributions in different frequency band, so does the 
measurement data mentioned in [11]. In the model of Eq.1, 

frequency of the random errors e  is much higher than ( )tf . 

There usually exists a band interval between e  and ( )tf . 

Therefore, if set ( ) ( )
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is the wavelet decomposition levels, kLD  is the kth  details 

of level L  after wavelet decomposition, which contains the 
higher frequency signals of the decomposed data. The value 
of ( )LG  expresses the differences between the 
measurement data and details of wavelet transform under the 
influence of decomposition levels L . With the increasing of 
the decomposition levels, due to the frequency bands 

character of the measurement data, the value of ( )LG  will 
vary as follows: 

( ) ( )1+> LGLG ， 1,,2,1 LL =                    (2) 

( ) ( )1+≈ LGLG ， 211 ,2,1 LLLL ++=    (3) 

( ) ( )1+> LGLG ， ,2,1 22 ++= LLL        (4) 

Eq.2, Eq.3 and Eq.4 show the approach process of detail 
components of wavelet transform approximating the random 
errors with the increasing of the decomposition levels. 

Approximate the random errors from level 1 to level 2L  
gradually, and there are no other components except the 
random errors before the level 2L . Therefore, we can get the 
optimal decomposition level by calculating the value of 

( )LG  during the wavelet transform process. 

B. Random Errors Separation Processing 

Obviously it is the most important thing to determine the 
optimal decomposition levels. The paper proposes a new 
method which precisely determines the optimal 
decomposition level by analysis variety rules of the value of 

( )LG  based on the frequency bands character. 
There are 4 steps to determine the optimal decomposition 

levels of random errors separation method by using bands 
character:  

○1  Choose a wavelet basic function and decompose the 
measurement data to level 1 by wavelet transform;  

○2  Calculate the value of ( )LG  by using the detail 
components from wavelet transform, and judge whether L is 
the optimal decomposition level or not;  

○3  Repeat process ○2  until getting the optimal 

decomposition level 2L ;  

○4  Reconstruct the detail components from level 1 to 

level 2L  to get the random errors of the measurement data, 
and then calculate mean square error of separated random 
errors. 

Fig. 2 shows the flow chart of random errors separation 
process. 
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Figure 2.  Flow chart of random errors separation process. 

IV. EXPERIMENTAL RESULTS 

Assume measurement data ( ){ }05.012000: ×≤≤ tty  
is from the following model 
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Where ( ) 32
0 001.04.09001000tP ttt +++= , ( )tε  

is 20dB white noise signal. 
Choose Sym5 as the wavelet basic function, get trend of 

( )LG  by using the random errors separation methods, as 
shown in Fig. 3. From the Fig. 3(b) we can get the optimal 
decomposition level is 8. 

Reconstructing the detail components gets the separated 
random errors. Fig. 4 shows the result compare with the 
simulation error in time domain. The first figure plots the 
simulation random errors, the second figure plots the 
separated random errors, and the last one plots the difference 
between the two errors, which can observe that it is very 
close between the two random errors. Calculation results 
indicate the mean square error by using the paper method of 
random errors separation is 3.1754×103, the mean square 
error of simulation random errors is 3.1771×103. Fig. 5 
shows the result comparison in frequency domain. Fig. 4 and 
Fig. 5 show that the method of this paper can separate the 
random errors from the measurement data in good 
accordance through the simulation test. 
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Figure 3.  Relations between value of ( )LG  and decomposition levels: (a) 

plots the panoramic graph, (b) plots the part one, which can get the 
changing trend more intuitionisticly. 
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Figure 4.  Comparison in time domain. 
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Figure 5.  Comparison in frequency domain. 
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V. CONCLUSION 

Random errors separation is a basic job of the 
measurement data processing. In this paper, we have 
presented a new way of random errors separation different 
from the existing methods, which based on the frequency 
band intervals between the random errors and the true value 
together with the fixed errors. We can use detail components 
of wavelet transform to appropriate the random errors and 
determine the optimal wavelet decomposition levels by using 
the frequency bands character of the measurement data; 
finally reconstruct the detail components to implement 
random errors separation from the measurement data. The 
simulation results show that the wavelet transform in 
combination with measurement data bands character can 
separate the random errors separation simply and effectively. 
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