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Abstract: A large amount of electrical power harmonic are injected into the electrical power network because 
the widely used of nonlinear electrical power load. It brings a great harm to the precision electronic instrument 
in safety running. This article presented a kind of electrical network harmonic analysis algorithm used for the 
harmonic signal separation. Through analyzing the harmonic monitor technology at present, using the blind 
signal separation technology to complete the mixing electrical power system voltage signal separation based on 
the traditional information maximization blind source separation algorithm and natural gradient algorithm, the 
simulation result shown that this two algorithm can also realize the instantaneous mixing voltage harmonic 
signal separation and harmonic analysis monitor. The result expressed that this method can effectively gain a 
good separation effect with the monitoring spectrum error is less than 1 %. Copyright © 2013 IFSA. 
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1. Introduction 

 
Now the electrical power network harmonic, 

electromagnetic interference and the lower power 
factor are called as three serious electrical power 
hazards. Therefore, learning the mechanism of 
harmonic producing and how to compensate it is a 
very important and significant things to improve the 
electrical power quality [1]. In addition, with the 
development of science and technology and the new 
technology adopted, the computer, electronic 
instrument control equipment will widely used, it will 
put forward more and more strict requirements to the 
power quality. 

In recent years, the domestic and international 
scholars have proposed many extraction methods of 
the electrical power harmonic analysis and monitor, 
such as FFT, wavelet transform [2, 3], neutral 

network [4], and combining multi-algorithm, etc. [5]. 
But these methods have some limitation. With the 
development of the independent component analysis 
technology, blind signal separation technology had 
been causing the attention in the field of biomedical 
signal processing. Independent component analysis is 
a kind of new multidimensional statistical analysis 
methods, its characteristic is that the individual 
source signal components can be recovered from the 
more road observation signal [6]. 

 
 

2. Electrical Power Harmonic Analysis 
 
Electrical power harmonic is a periodic electric 

sine wave component, the frequency is the integer 
times of the fundamental frequency, harmonic times 
is named as the harmonic frequency ratio to the 
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fundamental frequency. Electrical power harmonic is 
a kind of disturbance variable, which making the 
power equipment generate additional loss, reduce the 
power generation, transmission and electric 
equipment efficiency. Electrical power harmonic 
influences the normal work of the electrical 
equipment, and makes the motor produce mechanical 
vibration and noise, transformer, capacitor, cable and 
other equipment is overheating. In addition, it makes 
the insulation part out of age, metamorphism, which 
will reduce the service life of equipment. 

Electrical power harmonic increases the electrical 
power grid in the possibility of resonance, especially 
for capacitor and the series of the reactor, the grid 
resonance often make burned. And it makes relay 
protection and automatic device, computer system 
mis-operation, results in unnecessary interruption of 
power supply and loss. High precision monitoring 
instrument can't correct instructions or measurement, 
which producing the monitor error, or lead to the 
direct economic losses.  

It also interference the nearby communications 
system, produce the noise and reduce communication 
quality, even tend to cause the information loss, and 
damage the communication equipment. Therefore, 
the harmonic suppression has very important 
significance, the harmonic detection and analysis is 

the key of harmonic suppression. This article a kind 
of current relatively popular blind signal separation 
algorithm, and used in the harmonic separation  
and analysis [7]. 

 
 

3. Electrical Power Harmonic Analysis 
Algorithm 
 
The blind signal separation [8] algorithm of 

independent component analysis requests the output 
signal to satisfy the independence character, so, 
independent component analysis algorithm design is 
to build a output variables independence target 
function, and to optimize this function, then to search 
an optimal separation matrix. At present, a variety of 
independent component analysis algorithm has been 
proposed, in which the information maximization 
independent component analysis blind source 
separation algorithm is the most representative. The 
information maximization algorithm is a kind of 
suitable nonlinear function is introduced in the output, 
which makes the output information entropy to get 
maximization [9]. Electrical power harmonic analysis 
and monitor algorithm principle frame diagram is 
shown as Fig. 1. 
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Fig. 1. Harmonic analysis BSS algorithm model. 
 

 
From the Fig. 1 we can see, the independence 

criterion to information maximization algorithm is 
information maximization transmission standard, 
after the separation matrix W solution, each 
component yi of the output result Y is respectively 
used the nonlinear function g(y) to processing, which 
makes the output total entropy H(U) achieve the 
maximum amount, if g(y) is the accumulation of the 
distribution function for each component yi  

The independent component separation matrix 
solving process can be described as the type of 
optimization problem shown in formula (1): 

 

max : ( ) [ ( )]XH U H g W  (1) 
 
By the entropy change theory, 
 

( ) ( ) [log | |]xH U H X E J= +  (2) 
 
From the formula (2) we can see, xJ  is the type 

of Jacobi transformation between x and y. Due to 

H(x) has nothing to do with W, then we can get 
through differentiating H(y) to W. By the matrix 
differential theory, on the type of item 1 is: 1( )TW − , 

the second item is 
1

log | |
N

i
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Making the ( )uϕ  as the evaluation function. 

''( )( )
'( )

Tg uu X
g u

ϕ =  (4) 

 
From the formula (4), ( )uϕ  is a column vector. 
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Because 
1( )

( ) ( )
T TH Y

W u XW ϕ
−∂

= −∂ , then we 
can get the random gradient Informax algorithm. 

 
[ ( ) ]T TW W g y xµ −∆ = −  (6) 

 
If we right multiply TW W  to the formula, we 

can get another formula (8) as the bellow type. 
 

[ ( ) ]TW I g y y Wµ∆ = −  (7) 
 
The formula is just the natural gradient blind 

separation algorithm basic type. The natural gradient 
algorithm avoids the complexity of the matrix 
inversion, and improves the operation efficiency. 

The blind source separation algorithm 
performance usually has the two kinds, one is the 
similarity coefficient expressed as the similarity 
degree between the separated signals and the source 
signal; another kind is crosstalk error expressed as 
the independence of elements based on the global 
transfer matrix elements. The crosstalk error 
expressed the deviation degree between the inverse 
matrix of the separation matrix W and the mixed 
matrix A. The crosstalk error is defined as  
formula (8)[10]. 
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As formula (8), maxj|gij| is the absolute maximum 

value of the ith row element. When the separated 
signal y with the source signal s waveform is 
completely same, then E=0. In Practice, when E 
reached 10-2 orders magnitude, the algorithm 
separation performance has been quite good. E is the 
crosstalk error, E, the smaller the value that the better 
separation effect of the algorithm. 

 
 

4. BSS Algorithm Simulation 
 
To prove the blind signal separation algorithm 

accuracy based on the information maximization 
algorithm and natural gradient algorithm in the 
electrical power harmonic analysis, we simulated a 
group of sine wave, including the basic wave, 2 times 
harmonic, 4 times harmonic, and 6 times harmonic. 
The initial simulation signal is shown as Fig. 2.  

We blind mixed the four groups of sin-wave 
signal by using the 4*4 matrix blind mixing after 
blind mixing, the mixing signal is shown as Fig. 3. 
We take a nonlinear function y3, step length is 0.002, 
and use Information maximization separation 
algorithm to separate the mixing signal. Before 
separation, the observation signal has carried out the 
mean and whiten processing. 

From the Fig. 3 we can see, the blind mixing 
signals are hard to identify their initial condition. If 
we carry out the spectrum analysis to the observation 
signal, the result is shown as Fig. 4. 

 
 

 
 

Fig. 2. Initial mixing source signal. 
 
 

 
 

Fig. 3. Observation blind mixing signals. 
 
 

 
 

Fig. 4. Spectrum of observation signal. 
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From the Fig. 4, we can not clearly know the 
frequency character of the initial mixing signal. So, 
usually we carry out the separation processor to the 
mixing blind signal, which is easily to find the initial 
signal mixing relationship. The results of using 
Information maximization BSS algorithm to separate 
observation signal are shown as Fig. 5. 

From the Fig. 5 we can see, the separation results 
after using the Information maximization algorithm 
gained the better effect. we can see the each voltage 
harmonic component and the noise signal. And we 
can find the harmonic signal can be effective 
segregation from the mixing voltage signal. 

Through the comparison with the initial signal we 
can see, signal separation effect is good, and in order 
to observe the separation precision, we carry out the 
spectrum analysis, which is shown as Fig. 6.  

From the Fig. 6 we can see, the initial voltage 
frequency respectively is 50 Hz, 150 Hz, 250 Hz, 
350 Hz. From the two kind of separation algorithm 
result we can see, separated result by Information 
maximization algorithm and natural gradient 
algorithm this paper presented has little error 
comparing with the initial source signal, and the 
maximum absolution value is little, which proved 
this algorithm has high separation precision. In order 
to observe the convergence speed and steady-state 
error to the two algorithms, we carry out the crosstalk 
error analysis to these two algorithms. 

The result is shown as Fig. 7. From the Fig. 7 we 
can see, the Informax algorithm is slower to realize 
algorithm convergence than the natural gradient 
algorithm, but the steady-state error is larger than the 
natural gradient, which proves the algorithm 
accuracy in theory analysis. 

 
 

  
 

(a) Informax algorithm. 
 

(b) Natural gradient algorithm. 
 

Fig. 5. Separation signal based on BSS algorithm. 
 
 

  
 

(a) Informax algorithm. 
 

(b) Natural gradient algorithm. 
 

Fig. 6. Spectrum of separation signal based on BSS algorithm. 
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(a) Informax algorithm. 
 

(b) Natural gradient algorithm. 
 

Fig. 7. The crosstalk error based on BSS algorithm. 
 
 

5. Conclusions 
 
This paper mainly discussed the blind mixing 

voltage harmonic signals separation technology, 
introduced the model of the independent component 
analysis algorithm and the implementation methods 
of Information maximization algorithm, studied the 
establishment of the objective function, and the 
realization of the algorithm. Through the separation 
experiments of voltage harmonic blind mixing, we 
use the Information maximization algorithm to 
separate the basic wave signal and each times 
harmonic in higher precision, which proved the 
accuracy of the blind signal separation algorithm. 

 
 
Acknowledgments 
 
This paper is supported by the Science and 

Technology Development Plan Projects of Henan 
Province in 2013. (No. 132102210441).  
 
 
References 
 
[1]. George J. Wakileh, Electrical Power System 

Harmonic-Basic Principle, Analysis Method and 
Filter Design, Mechanical Industry Press, Beijing, 
2003. 

[2]. Yue Lei, Analysis of Power System Harmonic Based 
on Wavelet Transform, Electronic Technology, No. 5, 
2012, pp. 22-24. 

[3]. Zhou Wenhui, Lin Lili, Zhou Zhaojing, Harmonic 
Monitor Method Based on the Waveform Transform, 
Chinese Journal of Scientific Instrument, Vol. 22, 
No. 3, 2005, pp. 5-6. 

[4]. Sattar B. Sadkhan, A Comparative Analysis of 
Different BSS Algorithms Based on Neural Network, 
IJACT, Vol. 4, No. 15, 2012, pp. 113-122. 

[5]. Fang Guozhi, Yang Chao, Zhao Hong, Detection of 
harmonic in power system based on FFT and wavelet 
packet, Power System Protection and Control, 
Vol. 40. No. 5, 2012, pp. 75-78. 

[6]. Yang Fusheng, Hongbo, Principle and Application of 
ICA, Tsinghua University Press, Beijing, 2006.  

[7]. Hu Jingjing, Research of ICA mixing speech signal 
Blind source separation algorithm Based on the 
information maximization, Journal of Chizhou 
College, Vol. 25, No. 3, 2011, pp. 40-42. 

[8]. Jutten C., Herault J., Blind separation of sources, Part 
I: An adaptive algorithm base on neuromimatic 
architecture, Signal Processing, Vol. 24, No. 1, 1991, 
pp. 1-10. 

[9]. Bu Tao, Principle and Development of Independent 
Component Analysis, Communications Technology, 
Vol. 45, No. 7, 2012, pp. 116-118. 

[10]. Amari S., Cichocki A., Yang H. H., A new learning 
algorithm for blind signal separation. in Advances in 
Neural Information Processing Systems, NIPS’1995. 
Cambridge, MA: MIT Press, No. 8, 1995,  
pp. 757-763. 

 
 

___________________ 
 
 
 
 
 
 
 

2013 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved. 
(http://www.sensorsportal.com) 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


