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Abstract – The present paper proposes the statistical 

Index terms – 

I. INTRODUCTION

IMPORTANT INDICATORS
transmission systems are current and voltage unbalance 

and non-linear distortions degree [1]. Traction power supply 
systems with loads like moving electric trains are featured 
by abrupt time changes of current and voltage non-linear 
distortion factor values [2]. As traction motors control 
systems made of semiconductor switching elements are 
widely used, current or voltage spectrum often have a very 
complicated structure. 

The spectrum structure depends on a traction motor 
power converter type including uncontrollable diode 
bridge, controllable thyristor or transistor bridge and etc. 

total harmonic distortion factor. For example, it should not 

Therefore, to make a decision on the total harmonic 
distortion agreement with international and national 
standards or on traction load type moving in a current 
time moment through a certain segment of a railway, it is 
necessary to classify current or voltage signals spectrums by 
statistical methods.

spectrums  is applied in medical engineering for 
electrocardiograms analysis [3]. Such spectrum structure 

II. STATEMENT OF PURPOSE

The present paper proposes to apply the statistical 

in transmission lines with fast changing loads. The theory 
section states the explanation of the criterion space selection 

experimental section describes computing experiments on 

on the maximum likelihood method.

III. T

distortions is prepared for the computerized analysis by the 
Fast Fourier Transformation [7]
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where ( )x i  is the i-th sample of phase current or voltage, J 
is the sample numbers per cycle, j is the imaginary unit, n is 
the harmonic number.

and a voltage measurement point the normalized spectrum is 
calculated from (1)

0 0X n X n K                      (2)

with the normalization factor
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where N J .
The harmonics with the numbers 2,3n N  are 

voltage belonging to a certain class with respect to non-linear 
distortion level or type of a converter, which is forming such 
voltage.
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Each harmonic level statistics is described by the Rician 
distribution [8]

2 2 2 2 2
0p X v X X v I X ,   

where ,v are correspondingly the mean and standard 
deviation of the real and the imaginary parts of the complex 
Fast Fourier Transformation spectrum, described by the 

0I  is the Bessel function of 

where non-linear distortions with non-zero total harmonic 
distortion are detected.

with the corresponding reference distributions with the 
parameters ,c c

n nv  for each harmonic, where c is the class 
number. These reference values are found by the training 
procedure on voltage records caused by known loads.

K voltage cycles. The likelihood function is calculated on 
each k-th period

1
( ) ( | , )

K
c c c
k n n

k
p X p X v ,               

The maximal value of the function ( )c
kp X  gives the 

possibility to make a decision on voltage belonging to a 
certain non-linear distortion class.

likelihood function values are accumulated through several 
voltage cycles

1
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K
c c

k
k

p X p X ,                   (6)

To make the calculations less cumbersome the common 
likelihood function is replaced by the logarithmic likelihood 
function

1
( ) ( )

K
c c

k
k

L X L X ,                    (7)

where ( ) ln ( )c c
k kL X p X .

After the likelihood function accumulation the number of 
a voltage class is already found from the maximum of the 
accumulated likelihood functions calculated by (7)

max ( ), 1| cL X c Cc .                     (8)

The expression (8) has to be interpreted as a function of 
the decision on voltage belonging to a certain class with 
respect to total harmonic distortion.

IV. SIMULATION RESULTS

procedure was performed in Matlab Simulink. It is assumed 

Transformation spectrums have statistical properties of 
the Rician distribution. Non-linear loads with controllable 

evident example of such load is a traction motor with its 

map. Each cell of this map contains the distribution 
parameters ,v for each criterion and each class. Usually 

harmonic distortion factor no more than 0.02; the class 2 
corresponds to the total harmonic distortion factor from 0.02 
to 0.03; and the class 3 corresponds to the total harmonic 
distortion factor more than 0.03 (Table I).

TABLE I
 

DISTRIBUTION PARAMETERS

;c c
n nv

n
 1c 2c 3c

2
1 10 3; 3 10 3 10 ;1 10

3

3 10 3;1 10 9 10 ; 3 10

2 10 3; 6.7 10 3 10 ;1 10 6 10 ; 2 10
6

1 10 3; 3.3 10 3 10 ;1 10

several voltage records. Each record belongs to one to the 

voltage periods form each record. An example of the voltage 

In Fig. 1 j is the cycle number, rU  is the curve of cycle 
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the fundamental one, L are logarithmic likelihood functions 
for the classes 1, 2, 3, c is the decision on voltage belonging 
to a certain class. In the considered example the decision 
function says that the voltage belongs to the class 3 when 
it is non-zero. Therefore this computing experiment is free 

accumulated logarithmic likelihood functions are for each 
class the more difference between the truth class likelihood 
function and other likelihood functions takes place. Due to 
accumulation the right likelihood functions values found 
on later steps can compensate wrong likelihood functions 
values at earlier steps.

During the simulation ten voltage records for each of three 
mentioned classes were processed. For whole computerized 

increase of harmonics number almost did not effect on the 

V. DISCUSSION

The performed theoretical investigations and computing 
experiments show that the statistical approach is perspective 

distortions with respect to standard allowable values stated 
in actual normative documents.

criterions such as separate spectral components of the Fast 
Fourier Transformation per voltage cycle. This error is also 

difference degree.
Further it would be useful to perform similar computing 

experiments on non-linear loads with power converters 
where pulse-width modulation is used. In addition, to 

to analyze how a decision is made by averages of several 
adjacent harmonics.

VI. RESULTS AND CONCLUSION

analysis in transmission lines with non-linear fast changing 

performed by the voltage spectral structure analysis with 
respect to maximal allowable non-linear distortions in 
short-term and long-term operation modes. The relative 

The obtained results are the base for further improvement 
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