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ABSTRACT— — Now a days Harmonic Distortion in 

electric power system is a major power quality problem 

that has been attracting significant attention of 

engineering community. In order to evaluate the Total 

Harmonic Distortion(THD) and the harmonic current 

component is a critical issue. In this paper proposes a new 

method to measure the harmonic impedance at the 

metering point. Feed Forward Back Propagation Neural 

Network(FF-BPNN) is employed to measure the 

harmonic impedance in a power system. The measured 

Harmonic impedance is used to identify the harmonic 

source. The proposed technique is proves that the trained 

Neural Network(NN) are able to produce exact 

identification of harmonic sources.  

 

KEYWORDS— Total Harmonic Distortion(THD), 

Neural Network(NN),Back Propagation Neural 

Network(BPNN). 
 

I. INTRODUCTION  
The objective of the electric utility is to deliver a 

sinusoidal voltage at constant magnitude and frequency 
throughout its network. However the power electronic 
loads, significant amounts of harmonic currents are being 
injected into the network by these loads. Harmonics are a 
major cause of power supply pollution, lowering the power 
factor, and increasing electrical losses. Harmonic current 
cause harmonic voltage drops in the supply network and 
therefore distorted the voltage at the point of common 
coupling (PCC). Any load, even linear loads, connected to 
the PCC, will have harmonic currents injected into them 
by the distorted PCC voltage. This is not a new issue and 
researchers have proposed tools based on traditional power 
system analysis methods to solve this problem. Some of 
the harmonic impedance measurement techniques are Fast 
Fourier transform (FFT), Fuzzy logic, Neural Network, 
etc. The FFT techniques are still widely used tool for 
analyze and measure the both stationary and transient 
signals harmonics in power systems. But accuracy is very 
less for the above techniques. Fuzzy logic is applied as 
integrating system to identify the various sources of those 

disturbances particularly of harmonics. Fuzzy gives 
accuracy output, but it‟s require more fine tuning and 
simulation before operational. A Neural Network (NN) is 
a network of simulated neurons that can be used to 
recognize instances of patterns. NN learn by searching 
through a space of network method was able to evaluate 
the harmonics content of the currents efficiently, fast and 
simple. 

II. POWER QUALITY  
Power Quality concepts are simply the interaction 

between electrical power with electrical instruments. If the 
electrical equipments operates correctly and reliably 
without being damaged then we can say that the electrical 
power is of best quality. Or otherwise, if the electrical 
equipments malfunction is damaged during normal usage, 
we can say that the quality of power is poor. It‟s defined 
as the “concept of power, ground and electronic 
instrument in a manner that is suitable to the operation of 
that equipment” The AC power harmonic problems are 
mainly due to the substantial increase of non-linear loads 
due to technological advances, such as the use of power 
electronics circuits and devices. In AC/DC transmission 
links, or in the loads of power system using power 
electronics or microprocessor controller. Such equipment 
generates harmonics throughout the system. Harmonics 
could be present in the generated voltage itself. Even if the 
generated voltage is a pure sine wave, certain types of 
loads can cause harmonics and distort the waveform. 
There are more numerous types of power quality issues 
and power problems in electrical power systems. Some of 
the power quality problems are harmonic, surge, sag, 
swell, notching, noise etc. 

III. HARMONICS  
Harmonics is defined as sinusoidal component of a 

periodic wave or quantity having a frequency that is an 
integer multiple of the fundamental frequency. Harmonic 
Analysis is the process of identifying the magnitude and 
phases of the fundamental and higher order harmonics in 
power system. A linear load in a power system is a 
component in which the current is proportional to the 
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voltage. In general, this means that the current wave shape 
will be the same as the voltage. Typical examples of linear 
loads include motors, heaters, and incandescent lamps. A 
Non-linear load in a power system is a component that 
current is not proportional to the voltage. In general, this 
means that the current wave shape will be the different as 
the voltage. Typical examples of Non-linear loads include 
rectifiers, UPS, adjustable speed motor drives, DC motor 
drives and arcing equipment. Harmonic sources are, 
Photovoltaic systems, Electronic ballast, Uninterruptable 
power supplies, Computers, Switching power supplies, 
Converters, Control circuits, Frequency converters, Static 
VAR compensators, Arc furnaces, HVDC transmission 
systems etc. Effects of harmonic are reduce the efficiency 
of the system power generation, failure of electronic 
equipment, overheating and failure of electric motors, 
excessive measurement errors in metering equipment. 

IV. HARMONIC INDICES  
The major commonly used indices for measuring the 

harmonic content of a waveform are the Total Harmonic 
Distortion (THD) and the Total Demand Distortion 
(TDD). Both are measures the efficient value of the 
waveforms and may be applied to either voltage and 
current. 

A. Total Harmonic Distortion(THD) 
      It is the potential heating value of the harmonics 
relative to the fundamental. This index can be calculated 
for either voltage or current. 
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Ih is the R.M.S current at harmonic n, N is the 
maximum harmonic order, and I1 is the fundamental line to 
neutral R.M.S current. 

B. Total Demand Distortion (TDD) 
The total Root Mean Square (RMS) of harmonic 

current distortion, in percent (%) of the maximum demand 
load current. 
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IL is the peak load current. 

V. HARMONIC IMPEDANCE MEASUREMENT 

Harmonic Impedance measurement at each metering 
point can be obtained by using 

H

H
H

I

V
Z  (for DC Supply)               (3)      

        sin*/cos*/ HHHHH IVjIVZ  (4)                      

jXRZ H   (for AC supply)                                          (5) 

Where, 

ZH= Harmonic Impedance 

VH= Harmonic Voltage 

 IH= Harmonic Current 

 R= Resistance 

 X= Reactance 

The system impedance is generally much smaller than the 
load side impedance. So the magnitude of the ZH can be 
used to check, If the impedance is the system side 
impedance (or) load side impedance. It also helps to 
determine the location of  the inter harmonic sources. 

VI.NEURAL NETWORK 

A. Introduction to Neural Network 

1)   Biological Neural Network: 
The Human brain consists of a huge number of 

neurons approximately10
11

 with numberous 
interconnections. The biological neuron networks are 
considered with three main parts. Cell body,  Dendrites, 
and Axon. Dendrites are tree-like networks made of nerve 
fiber connected to the cell body. An axon connections are 
extended from the cell body and carrying signal from the 
neuron. It is found that each strand terminates into a small 
bulb-like organ called synapse. It is through synapse that 
the neuron introduces its signals to other nearby neurons. 
The receiving ends of these synapses on the nearby 
neurons can be found both on the dendrites and on the cell 
body. There are approximately 10

4
 synapses per neuron in 

the human brain. The cycle time of execution in the 
biological neuron is of a few milliseconds. It‟s store the 
information in its interconnection or in synapse strength. 

2) Artificial Neural Network: 

      Artificial Neural Network possess more number of 

interconnected processing elements called nodes or units 

or neurons, which usually operate in parallel and are 

configured in regular architectures. Each neuron is 

connected with the other by a connection link. Each 

connection link is associated with weights which contain 

information about the input signals. This information is 

used by the neuron net to solve a particular problem. 

ANN‟s collective behavior is characterized by their 

ability to learn, recall and generalize training patterns or 

data similar to that of a human brain. They have the 

capability to model networks of original neurons as found 

in the brain. Thus the ANN processing elements are 

called neurons or artificial neurons. 

 
 

Fig.1. Architecture of simple neuron 
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Where 

X=input, W=weight, Y=output. 

Neural Network has structure including number of hidden 
layers, number of hidden nodes and number of output 
nodes. The hidden layer provides network with its ability 
to generate, in sufficient number of hidden neuron is 
capable of approximated at any continuous function. There 
is no one formulas are using for selecting the optimum 
number of hidden neuron. However some values are 
available for identifying number of hidden neurons. A 
rough approximation can be identified for a three layer 
network with „n‟ input and „m‟ output neurons, the hidden 
layer would have square root of (n*m)neurons.. 

3) Learning Process: 

       Learning methods in NN can be classified into three 

basic types are supervised, Unsupervised, and Reinforced. 
In this,  each and every input pattern that is used to train 

the network is associated with an output pattern, it is the 

target or the desired pattern. A teacher is consider  to be 

present during the learning process, when a difference is 

made between the network‟s calculated output and the 

correct expected output, to determine the error. Then the 

error can be used to change network parameters, which 

results in an improving the output performance. In this 

learning rule, the target outputs are not presented to the 

network. It is if there is no teacher, then the system 

learned by its own discovering and adapting to structural 

features in the input pattern. In this method, a teacher 

though available,  we does not present the expected 

answer but only indicates whether output is correct or not. 

A reward is only given for a correct answer computed and 

a penalty for a wrong answers. But, reinforced learning is 

not one of the developed forms of learning.  

 

VII. BACKPROPAGATION NEURAL NETWORK 

Back propagation is a systematic method for training 
multi-layer artificial neural networks. It has a 
mathematical    foundation that is strong if not highly 
practical. it is a multi-layer forward network using extend 
gradient-descent based delta-learning rule, commonly 
known as back propagation rule. Back propagation 
provides a computationally efficient method for changing 
the weights in a feed forward network, with differentiable 
activation function unit. The aim of this network is to train 
the net to achieve a balance between the ability to respond 
correctly to the input patterns that are used for training and 
the ability to provide good responses to the input that are 
similar. The algorithm of back propagation involves four 
stages, are Initialization of weights, Feed Forward, Back 
Propagation of errors, updation of the weights and biases. 

VIII. RESULTS AND DISCUSSION    

                           A.  Simulation Circuit: 

Using MATLAB tools to run the following Simulink 
diagram. In this circuit three phase AC supply are given to 
the load and universal bridge are connected series with the 
circuit. This universal bridge are act as a Non-linear loads 
and it‟s generated the harmonic for the system. In using 
voltage and current distorted waveform to measure the 

magnitude, phase angle and impedance values with the 
help of FFT tools and verify the actual output and 
simulated output using Back Propagation Neural network 
(BPNN) techniques. Here sampling values are given as the 
input for the NN tool and Actual value(FFT) are given as 
the target for the Neural Network.  

 

 

Fig 2. Simulation block Diagram 

                   B. Output Voltage Waveform: 

     

 

                                              Fig.3.Time Domain 

  

 

                                              Fig.4.FFT Analysis 

C. Output Current Waveform: 

 Fig.5. Time Domain 
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                                                  Fig.6. FFT analysis 

 

 

               D. Magnitude Output Result: 

                

ACTUAL 

VALUE (FFT) 

 

SIMMULATED 

VALUE (BPNN) 

 

DIFFERENCE 

0.01 -0.0399 -0.0499 

18.51 18.6053 0.0953 

0.25 0.2834 0.0334 

0.12 -0.0518 -0.1718 

0.15 0.0372 -0.1128 

3.87 3.9563 0.0863 

0.11 0.0236 -0.0864 

2.39 2.3301 -0.0599 

0.2 -0.0367 -0.2367 

0.05 0.2353 0.1853 

0.11 -0.1406 -0.2506 

1.63 1.7859 0.1559 

0.12 0.1606 0.0406 

1.32 1.3982 0.0782 

0.17 0.2623 0.0923 

0.05 -0.0975 -0.1475 

0.12 0.3243 0.2043 

1.05 0.7938 -0.2562 

0.13 0..0411 -0.0889 

0.89 0.8017 -0.0883 

0.16 0.1313 -0.0287 

0.08 0.2581 0.1781 

0.12 -0.0918 -0.2118 

0.77 0.7711 0.0011 

0.13 0.1587 0.0287 

0.66 0.8420 0.1820 

0.16 0.0726 -0.0874 

0.11 0.1012 -0.0088 

0.12 0.1098 -0.0102 

0.62 0.3957 -0.2243 

0.13 -0.0800 -0.2100 

0.52 0.3944 -0.1256 

0.16 0.3164 0.1564 

0.15 0.3054 0.1554 

0.12 0.3316 0.2116 

0.53 0.4547 -0.0753 

0.13 0.1950 0.0650 

0.42 0.5547 0.1347 

0.15 0.2237 0.0737 

0.19 0.1989 0.0089 

 

E. Magnitude Output Waveform: 

    

Fig.7. Magnitude Actual and Test Data Waveform 

 

 

   Fig.8. Magnitude Actual and simulated amplitude  

Waveform 

F. Phase Angle Output Result: 
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G. Phase Angle Output Waveform: 

 

Fig.9. Phase Actual and Test Data Waveform 

 
 

Fig.10. Phase Actual and simulated amplitude  Waveform 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ACTUAL  

VALUE (FFT) 

 

SIMMULATED VALUE 

(BPNN) 

 

DIFFERENCE 

0 -0.1326 -0.1326 

6.5830 6.7326 0.1496 

0.0666 0.0297 -0.0369 

0.4999 0.5143 0.0144 

0.1999 0.3614 0.1615 

0.1019 0.1019 0.0000 

0.1999 0.1345 -0.0654 

0.1027 0.0640 -0.0387 

0.1999 0.3790 0.1791 

0.2036 0.0551 -0.1485 

0.1333 0.0227 -0.1056 

0.1098 0.0400 -0.0698 

0.0000 -0.0840 -0.0840 

0.1074 0.0132 -0.0942 

0.0666 0.0779 0.0113 

0.2856 0.2878 0.0022 

0.1999 0.4201 0.2202 

0.1191 0.092 -0.0271 

0.2000 0.0793 -0.1206 

0.1202 0.1112 -0.0090 

0.2665 0.3579 0.0914 

0.0999 0.0923 -0.0076 

0.1998 0.0964 -0.1034 

0.0666 -0.0423 -0.1089 

0.1586 0.0622 -0.0964 

0.0665 -0.0232 -0.0897 

0.3075 0.3019 -0.0056 

0.1999 0.216 0.0161 

0.1561 0.2113 0.0552 

0.3332 0.2903 -0.0429 

0.1599 -0.0127 -0.1726 

0.3332 0.243 -0.0902 

0.1249 0.1135 -0.0114 

0.3332 0.4777 0.1445 

0.2406 0.2796 0.039 

0.1998 0.0002 -0.1966 

0.2999 0.3522 0.0523 

0.0665 0.6265 -0.04 

0.4735 0.4524 -0.0211 

0.4356 0.4993 0.0637 
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H. Impedance results: 

 

Fig.11.Impedance results 

I. Impedance output results: 

 

J. Impedance Output Waveform: 

 

Fig.12. Impedance Actual and Test Data  

 

 

 

 

 

 

TEST VALUE 

(FFT) 

 

SIMMULATED 

VALUE (BPNN) 

 

DIFFERENCE 

270.00 270 0.0000 

-1.1000 -1.1833 -0.0833 

164.30 164.60 0.3000 

151.30 149.30 -2.0000 

163.30 161.53 -1.7667 

172.20 172.13 -0.0667 

-59.700 -57.683 2.0167 

180.80 180.61 -0.1833 

-39.500 -39.583 -0.0833 

-22.900 -26.933 -4.0333 

-5.8000 -6.9667 -1.1667 

-6.7000 -6.8667 -0.1667 

96.200 97.200 1.0000 

-5.4000 -5.7000 -0.3000 

131.50 131.45 -0.0500 

211.40 217.35 5.9500 

176.20 175.50 -0.7000 

172.20 171.88 -0.3167 

262.70 263.38 0.6833 

169.60 169.18 -0.4167 

-55.600 -55.650 -0.0500 

47.900 52.666 4.7667 

-7.2000 -7.7000 -0.5000 

-8.5000 -8.8833 -0.3833 

72.400 72.900 0.5000 

-15.200 -15.783 -0.5833 

117.60 117.51 -0.0833 

229.50 232.93 3.4333 

167.50 167.10 -0.4000 

171.70 171.30 -0.4000 

243.40 243.81 0.4167 

159.90 159.23 -0.6667 

-69.300 -69.316 -0.0167 

47.300 49.866 2.5667 

-18.700 -19.050 -0.3500 

-7.1000 -7.4000 -0.3000 

55.1 55.466 0.36670 

-24.9 -25.816 -0.91670 

103.8 103.80 0.0000 

223.6 225.63 2.0333 
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Fig.13. Impedance Actual and simulated amplitude  

Waveform 

IX. CONCLUSION 

     The main objective of the work is to measure the 
harmonic impedance in three phase system. Back 
propagation neural network is used to measure the 
harmonic impedance. The input current is sampled and 
given as input to the neural network. The magnitude and 
phase angle are given as target and for any load variations 
the trained Neural Network predict the harmonic 
impedance values. The obtained simulated impedance 
value is compared with the actual value. The proposed 
technique proves that the obtained impedance values 
effectively measure the harmonic distortion in the three 
phase system. 
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