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Harmonic measurement of power
system based on artificial neural unit
network

ZHAOJUN WANG', JIAO ZHEN?, HONGXIA GUO',
ZHELONG WANG', FucuN Li*?, LijuN Liv!

Abstract. The purpose is to study the harmonic measurement method of power system
based on artificial neural network. Based on the previous harmonic measurement method, the
harmonic measurement method based on neural network is studied. The application of adaptive
neural network in harmonic measurement is explored. WATLAB simulation software is used to
simulate and validate the algorithm. For adaptive neural networks, a single neuron-based network
architecture is used. The results show that the method is of higher adaptability and accuracy for
the unknown power network with harmonic source. However, for changing harmonic sources, it
has poor real-time performance. Therefore, it can be concluded that the proposed method is only
suitable for the power systems with unknown harmonic sources.
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1. Introduction

With the development of power electronics technology, the wide application of
power electronic devices has brought serious harmonic pollution to the power system
[1]. In the transportation, metallurgy, chemical and other industrial transportation
fields, all kinds of power electronic equipment are widely used, which makes the
harmonic problems in the power grid become increasingly serious. Many power elec-
tronic devices with low power factor bring extra burden to the grid, which affects
the quality of the power supply. Harmonic pollution of power electronic devices
has become a major obstacle to the development of power electronic technology.
The problem of harmonic measurement and control is imminent [2]. Therefore, the
research of harmonic measurement is an important work in power system analysis
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and control. It is an important prerequisite for relay protection, fault location and
fault types. It is a meaningful work to study the method of harmonic measurement.
At present, in the power system, the harmonic measurement methods are Fourier
transform, instantaneous reactive power, neural network and wavelet transform. By
collecting data, the previous harmonic measurement method is analyzed and sum-
marized. Aiming at the shortcomings of these methods, a harmonic measurement
method based on neural network is proposed. Then, MATLAB simulation software
is used to simulate and analyze different neural network algorithms [3].

2. State of the art

The neural networks have been studied for thirty years. As early as 1957, F.
Rosenblatt proposed and designed the famous perceptron concept for the first time.
It consists of threshold neurons, which attempt to simulate the perception and learn-
ing functions of animals and humans [4]. In 1991, P. Saratchandran proposed a
neural network method based on BP algorithm. However, this method requires a
large number of samples to train learning weights. The speed of convergence and
the various situations of different constraints are not discussed. It just gives the gen-
eral situation of the algorithm. The improved algorithm has been pursued by many
scientists [5]. In 1989, Moody and Darken proposed the neural network algorithm
of RBF, which brought new life to the research and application of neural networks.
In addition to the breakthroughs and advances in neuroscience research, the main
reason is the need for the development of computer science and artificial intelligence
[6]. From the point of view of artificial neural networks, a unified and complete the-
oretical system has not yet been formed. The formation, construction, design and
performance evaluation of various network models and algorithms are only specific
analysis of specific problems, which mainly rely on the results of computer simula-
tion. It cannot give a strict and scientific general law and method. On the basis of
analyzing the basic principle of harmonic measurement device, an adaptive neural
network is used to measure the harmonics, and a network and algorithm based on
adaptive harmonic measurement are constructed [7]. Then, the validity of the net-
work is verified by simulation software. The radial basis function neural network is
used to measure the harmonics. Through the determination of the algorithm, an
example is selected for simulation analysis [§].

3. Methodology
3.1. Neural network model

The basic unit of the neural network is neurons. It is widely interconnected
by a large number of neurons [9]. Artificial neural network is the simplification and
simulation of biological neurons, which is the basic processing unit of neural network.
It is a nonlinear component with multi-input and single output. Its input-output
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relation can be described as
Jj=1
I =Y wjx; —0;, (1)

yi = f(L;). (2)

Here, z;, 7 = 1,2,...,n is an input signal from other cells. Symbol 6; denotes
the bias (threshold) of the neuron unit, and w; represents the connection weight
from cell j to cell i. Symbol n denotes the number of input signals, y; is the neuron
output, and ¢ is the time. Function F is a transfer function, which is sometimes
called an incentive function. It often employs 0 and 1, two-valued functions, or S
type functions. The transfer function can be a linear function, but it is usually a
nonlinear function like a step function or a S-shaped curve. The commonly used
neuron nonlinear functions are as follows:

Threshold type function: when y; takes values 0 or 1, f(z) is a step function.

ra={ o 220 ®

x < 0.

The S-curve is usually a monotonically differentiable function of continuous values
within (0,1) or (-1,1). It is commonly used index or tangent and other types of S-
shaped curve to represent, such as

@) = e £ 0 (@
f(z) = tanh(z). (5)

In the neural network composed of RBF (Radial Basis Function), the structure
of neurons can be described by Gaussian function

1 2

Here, 07 is a standardized parameter.

The neural network is the nerve structure, which consists of many neurons inter-
connected together. The neural network model can be obtained by mathematically
modeling the relationship between neurons. The application of neural network in
harmonic measurement mainly involves the following aspects. The problems are the
input method, the construction of the network structure, the determination of the
input layer and the determination of the hidden layer [10]. These are the problems
that must be considered in the application of neural network theory to harmonic
measurement. It will directly affect the speed of convergence. That is to say, it will
affect the real-time measurement of harmonics and the accuracy of harmonic mea-
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surement. Theoretically, to make the harmonic measurement circuit has a certain
accuracy, the measurement should be aimed at different targets [11]. according to
the actual waveform distortion of collecting training samples, the harmonic mea-
suring circuit can suitable for measuring a (or several) generated by the nonlinear
load harmonic distortion wave component. However, the distortion waveforms in
the power system are different from each other, and the harmonic components are
different. It is impossible to collect all types of distortion waveforms. Therefore,
the training samples should be extracted theoretically [12]. At the same time, in
selecting the learning algorithm of the network, the method of higher efficiency and
accuracy should be considered, in order to meet the real-time and high precision
requirements of harmonic measurement. The construction of neural network has a
direct influence on the speed of convergence. Therefore, on the basis of convergence,
the network structure should be chosen as simple as possible. By using this method,
the real-time requirement of harmonic measurement can be satisfied [13].

3.2. The adaptive noise canceling technology

The adaptive noise cancellation method is a kind of signal detection method
proposed by Widrow in the United States. It can separate a signal from additive
noise. The principle shown in Fig. 1.
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Fig. 1. Adaptive cancellation scheme
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The detection system has two inputs. They are the original input s + ng and
the reference input n;. The symbols s and ng are irrelevant, and s and n; are not
related. However, n; and ng are related to noise interference. The function of the
reference channel is to detect interference. The output n, is adjusted by the adaptive
filter, so that it is closest to the main channel ng in the sense of minimum mean
square error. Here, the system output y is also used as the error signal e to adjust
the parameters of the adaptive filter. This method requires little or no need for a
priori knowledge of signals and noise. The ngy can be estimated by an adaptive filter,
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so that the output of the system is s.

3.3. The harmonic measurement principle based on adap-
tive filtering

Taking single-phase circuit as an example, this paper expounds the principle of
applying adaptive filter to harmonic measurement, and it is also suitable for three-
phase circuit. Assuming that the single-phase voltage is Un(t) = Unsinwt, the
non-linear load of the non-sinusoidal current can be expressed as Fourier series in
the form

I (t) = I sin(wt + ¢1) —l—ZI sin(wt + ¢p) = 4; +Zzn ) (7)
n=2
I, (t) = I, cos ¢y, sin nwt + I, sin ¢, cos nwt = ips(t) + ine(t), n > 1. (8)

In the above formulas, iy and i, are the fundamental active current and fun-
damental reactive current, respectively. Symbols ¢, and i,. denote the sine and
cosine components of the nth harmonic, respectively. The adaptive noise cancella-
tion method is used for harmonic measurements. Quantity i, is used as the original
input. If ¢ = 4y +1is + ... + i, is taken as the "noise interference" current, then the
other higher harmonics of the total current i need to detect the "signal". Quantity
i is not related to ¢,,. Taking the fundamental sine and cosine signal sin wt coswt
and their 2,3, ...,n multiples of the frequency harmonic as a reference input, they
are related to the sine and cosine components corresponding to the "noise interfer-
ence" current i, but are not related to other higher harmonic currents i5,. Thus, the
components of the "noise interference" current I and the approximation values in
the sense of the minimum mean square error of the "signal" i; can be obtained by
the multi-channel adaptive filter [14].

3.4. Realization of adaptive filter with neurons

The individual neurons have a certain degree of adaptive and self-learning ability,
and the circuit structure is simple. Therefore, a single neuron circuit can be used to
implement an adaptive filter to construct an adaptive neural network for harmonic
measurement, so that the output can be approximated by the "mean" error to the
"signal" to be detected [15]. The sine and cosine signals sinwtcoswt and their
2,3, ...,n multiples are taken as the input of a single neuron, so the input vector z(t)
of the neuron is

X (t) = [sin wt cos wt, sin 2wt cos 2wt ....... , sin nwt cos nwt] . (9)

The net input S(¢) of the neuron is

- Zwm(t) —6;. (10)
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In the formula, w; is the connection weight and 6; is the neuron threshold. The
output of the neuron y(t) is

y(t) = fls(®)] . (11)

In the formula, f(z) is the activation function. From (8) and (9), it can be seen
that the fundamental and harmonic components are linear combinations of their
sine and cosine signals. Thus, the activation function f(z) takes the linear function
f(x) = z. In addition, since the power system transmission bus does not contain the
DC component, the neuron threshold value 6; is zero. The current sampling value is
taken as the target value of the neural network, that is, the difference between the
current sampling value iL(t) and the output value y(r) of the neuron is taken as an
error iL(t) — y(t). Function e(t) is used to constantly adjust the input weights of
neurons. According to the learning rules of neurons, each weight can get the optimal
value, so that its mean square error is the smallest. Let the output y(t) of the neuron
approach the "noise interference" current i, the error approximates the "signal" iy,
thus, the function of the adaptive filter for harmonic measurements is realized [16].

4. Result analysis and discussion

The algorithm of power harmonic detection based on adaptive neural network is
simulated by Matlab software. In the simulation study, the neural network is used to
measure the fundamental and 3, 5, 7, 11 harmonic components [17|. Therefore, the
reference inputs are sinwt, coswt, sin 3wt, cos 3wt,....... ,sin 11wt, cos 11wt, 10 input
vectors, respectively. The LMS algorithm is used to study the network online [18].
The simulation flow chart is shown in Fig. 2.

From the simulation results, it can be seen that the network has good real-time
performance [19]. Under the simulation conditions in this paper, the upper target
value can be tracked in about two cycles. At the same time, in order to analyze the
measurement accuracy of the circuit, Fig. 3 lists the fundamental frequencies at the
end of 1 cycle and 2 cycles at the end of the harmonic value of the measurement
error [20].

Figure 4 lists the fundamental frequency at the end of the two cycles and three
cycles (extended 100 times) at the end of the harmonic phase angle of the measure-
ment error.

As can be seen from the Fig. 4, at the end of the 2 cycles, the accuracy of each
harmonic amplitude measured by the circuit is higher, and they are not less than 1 %.
The phase angle measurement accuracy is slightly lower, the maximum is 12.27 %.
However, the accuracy of the phase angle at the end of the third cycle is also high,
and it reaches 0.005 %. Therefore, it can be said, that it exhibits high measurement
accuracy simultaneously.

The harmonic measurement circuit is constructed by using adaptive neural net-
work. The circuit detection method for measuring arbitrary harmonics is given,
and the network with 3, 5, 7 and 11 harmonics is simulated by MATLAB. The
simulation results show that the circuit has good real-time performance, measure-
ment accuracy and adaptability when using adaptive neural network for harmonic
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Fig. 2. Simulation flow figure
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Fig. 4. Two cycles and three cycles (extended 100 times) at the end of the
harmonic phase angle of the measurement error

measurement. Adaptive neural network based on single neuron structure is a good
method for power network with unknown harmonic source. It is not only simple in
structure, but also has certain adaptive ability. For power systems with large load
variation, the real-time performance of this method needs further improvement. At
last, the simulation test of random distortion current shows that the network has
the longest tracking time, and it reaches about 0.08s.

5. Conclusion

The adaptive neural network based on a single neuron has the characteristics of
simple structure and strong network adaptability. For the measured power network,
it does not require pre-training. The results show that the proposed method is not
only simple in circuit structure, but also has better real-time performance and higher
accuracy for power network with unknown harmonic source. However, there is a real-
time difference in the large harmonic source, which requires a tracking time of 0.06
to 0.08 s. Therefore, the method is suitable for harmonic sources in unknown power
systems. In order to better meet the real-time and measurement accuracy of har-
monic measurement, a method based on multilayer feedforward neural network for
harmonic measurement is further studied. In the future, the harmonic measurement
algorithms should be developed from simple function analysis methods to complex
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numerical analysis and signal processing. At the same time, these algorithms should
be intelligent. Therefore, it is urgent to establish a general power theory and apply
the new theory to harmonic measurement. In this way, harmonic measurement can
achieve a breakthrough in real-time and accuracy.

References

(1]

2]

3]

4]

5]
(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

C.B.KHADSE, M. A.CHAUDHARI, V.B.BorRcHATE: Conjugate gradient back-
propagation based artificial neural network for real time power quality assessment.
International Journal of Electrical Power & Energy Systems 82 (2016), 197-206.

M. QasiM, K. PArRAG, V. KHADKIKAR: Artificial-neural-network-based phase-locking
scheme for active power filters. IEEE Transactions on Industrial Electronics 61 (2014),
No. 8, 3857-3866.

D. Borkowskl, A. WETULA, A.BIEK: Contactless measurement of substation bus-
bars voltages and waveforms reconstruction using electric field sensors and artificial
neural networks. IEEE Transactions on Smart Grid 6 (2015), No. 3, 1560-1569.

M. QasiM, V. KHADKIKAR: Application of artificial neural networks for shunt active
power filter control. IEEE Transactions on Industrial Informatics 10 (2014), No. 3,
1765-1774.

L. SarBuLUT, A.TEKE, M. TUMAY: Artificial neural network-based discrete-fuzzy
logic controlled active power filter. IET Power Electronics 7 (2014), No. 6, 1536—1546.

C.I. CHEN, Y. C. CHEN: Comparative study of harmonic and interharmonic estima-
tion methods for stationary and time-varying signals. IEEE Transactions on Industrial
Electronics 61 (2014), No. 1, 397-404.

A. GueLLAL, C. LARBES, D. BENDIB, L. HASSAINE, A. MALEK: FPGA based on-line
artificial neural network selective harmonic elimination PWM technique. International
Journal of Electrical Power & Energy Systems 68 (2015), 33-43.

H.Rong, J.Lv, C.PENG, L.Zou, Z. MA, Y.CHEN, Y.ZHU: Dynamic requlation
of the weights of request based on the Kalman filter and an artificial neural network.
IEEE Sensors Journal 16 (2016), No. 23, 8597-8607.

F.Bai, X. WaNG, Y. Liu, X. Liu, Y. XIANG, Y. Liu: Measurement-based frequency
dynamic response estimation using geometric template matching and recurrent arti-
ficial neural network. CSEE Journal of Power and Energy Systems 2 (2016), No. 3,
10-18.

D. Fan, L. WEI, M. Cao: Euztraction of target region in lung immunohistochemical
image based on artificial neural network. Multimedia Tools and Applications 75 (2016),
No. 19, 12227-12244.

E. DENiz, O. AypoGMUS, Z. AyDOGMUS: Implementation of ANN-based selective har-
monic elimination PWM using hybrid genetic algorithm-based optimization. Measure-
ment 85 (2016), 32-42.

J.C.YIN, N.N.Wang, J.Q.Hu: A hybrid real-time tidal prediction mechanism
based on harmonic method and variable structure neural network. Engineering Ap-
plications of Artificial Intelligence 41 (2015), 223-231.

V.J.VwuavaLaksami, C.S. RAVICHANDRAN, A.AMUDHA, A.M.IBRAHIM: Dual
phase analysis based linear regression trained meural network for selected harmonic
elimination in a multilevel inverter. International Journal of Applied Engineering Re-
search 10 (2015), No. 3, 6651-6658.

S.Raza, H.Mokuuis, H. Aror, J. A. LacHARI, L. WANG: Application of signal
processing techniques for islanding detection of distributed gemeration in distribution
network: A review. Energy Conversion and Management 96 (2015), 613—-624.

M. L1, X.Huang, H. L, B.Liu, Y. Wu, L. WaNG: Solubility prediction of su-
percritical carbon diozide in 10 polymers using radial basis function artificial neural



494

[16]

[17]

(18]

[19]

[20]

ZHAOJUN WANG ET AL.

network based on chaotic self-adaptive particle swarm optimization and K-harmonic
means. RSC Advances 5 (2015), No. 56, 45520-45527.

B.S.D. NucraHA, F.SuGARIZKA: Non-contact measurement of blood glucose based
on artificial neural network. International Journal of Computer Applications 76 (2013),
No. 13, 33-36.

G.Tuna, D.SavraN, R.Das, S.Basarici, Y. KILICASLAN: Ewvaluation of the ef-
fects of measurement interval on artificial neural network-based prediction for wireless
water quality monitoring network. International Journal of Computer Networks and
Applications 4 (2017), No. 3, 77-83.

F.Bai, X. WaNG, Y. Liu, X. Liu, Y. XIANG, Y. Liu: Measurement-based frequency
dynamic response estimation using geometric template matching and recurrent arti-
ficial neural network. CSEE Journal of Power and Energy Systems 2 (2016), No. 3,
10-18.

X.Su, Y. Wu, H.PE1, J. Gao, X.LaN: The prediction of coke yield of FCC unit
using different artificial neural network models. China Petroleum Processing & Petro-
chemical Technology 18 (2016), No. 3, 102-1009.

M. Lo ScHiavo, B. PriNARI, J. A. GRONSKI, A. V. SERIO: An artificial neural net-
work approach for modeling the ward atmosphere in a medical unit. Mathematics and
Computers in Simulation 116 (2015), No. C, 44-58.

Received May 7, 2017



	Zhaojun Wang et al.: Harmonic measurement of power system based on artificial neural unit network
	Introduction
	State of the art
	Methodology
	Result analysis and discussion
	Conclusion


