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Abstract. With the expansion of China's power grid, the scale,
transmission distance and load capacity of transmission projects are all
growing rapidly. Meanwhile, the problem of transmission line running
state detection is also attracting more and more attention. Electric field
under high voltage transmission line is taken as the research object in this
paper, and the principle of electric field inverse operation is analyzed, two
kinds of calculation objects and methods of nondestructive examination are
are described in detail. There are two kinds of intelligent algorithms in this
paper in order to solve the problem of several unknown solutions in inverse
electric field operation. Correspondingly, the fitness function based on
voltage value and result value is established, and the inverse electric field
operation algorithm with global optimization function is proposed. A
calculation example of high-voltage transmission line is also used to verify
the inverse problem optimization algorithm. It is respectively proved by
calculation results that the effectiveness and accuracy of the optimization
method based on the two kinds of intelligent algorithms.

1 Introduction

Transmission line is a key part in power grid engineering, which is related to the safe
and stable operation of power grid. Therefore, the detection of transmission wire is essential.
At present, the status detection of transmission wires in smart grid mainly includes
operating environment, wire sag, line voltage and so on/'. The common detection method is
to install the voltage transformer at the end of transmission lines. However, there are still
many difficulties in the installation of voltage transformers on existing lines due to large
volume of equipment, complex installation and strict insulation requirements?-31.

The inverse operation of electromagnetic field has been widely used in medical imaging,
geological exploration and environmental exploration abroad*-%l. More and more researches
on the high voltage transmission facilities and surrounding electromagnetic fields are
carried out around the country’®*]. The Chongging University team proposed to use
Tikhonov regularization to solve the ill-conditioned problem of inverse electric field
operation®1%. According to the characteristics of the magnetic field, a new method of
detecting the current of three-phase transmission lines by using the inverse calculation of
power frequency magnetic field is proposed!'!l. The team from Zhejiang University
introduced the tabu search algorithm to solve the electromagnetic field inverse problem of
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the objective function of multiple extreme value points!'?). However, the global optimal
solution of the inverse electric field problem under transmission line has not been involved
in these studies.

Firstly, according to the characteristics of the electric field under the transmission line,
the first chapter analyzes the electric field under the transmission line based on charge
simulating method(CSM), and deduces the calculation method and application method of
the inverse electric field operation. Secondly, in order to solve the problem of inverse
electric field operation, inverse electric field algorithms with global optimization function is
proposed, which combines CSM and two kinds of intelligent algorithms respectively. The
second chapter introduces the calculation principle, steps and corresponding parameters of
the algorithm. In the chapter 4, the validity and accuracy of the two algorithms are verified
by experiments, and the computational efficiency of the two algorithms is compared. In the
chapter 5, the potential development and shortcomings of the research methods are
summarized.

2 Inverse problem of electric field under transmission line

2.1 Charge simulating method

The power frequency electric field generated by the SOHz alternating current under the
transmission line can be regarded as the static electric field whose source (charge) does not
change with time. Through of Maxwell equations, the electrostatic field can be described by
the following equation:

VxE=0
{ ()

V:-D=p

Through of the uniqueness theorem of electrostatic field, the solution of potential
differential equation satisfying the given boundary condition is unique in electrostatic field.
If a number of discrete charges are set outside the field to be solved, these discrete charges
can solve the whole field as long as the given boundary conditions remain unchanged.

The charge simulating method is to replace the unknown continuous charge by setting
discrete charge in the computation field without knowing the charge distribution. The
equations of simulating charge are expressed as follows:

[P]-[0]=[¢] @)

Where [P] is the coefficient matrix , [Q] is the simulated charge matrix, and [J] is the
potential matrix of matching points.

After solving the simulating charge [Q], according to the electric field superposition
theorem, the electric field intensity at a certain point is:

[f1[o]=E 3)

Where [f] is the electric field coefficient matrix, E is the electric field intensity at a certain
point.

The commonly used simulating charge types are point charge, line charge and ring line
charge, etc. This section mainly introduces the CSM of line charge.
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Fig.1. Symmetrical infinitely long linear charges.

When the transmission line is regarded as an infinite long line charge +¢, a symmetrical
-¢q line charge is set with the X-axis as the axis of symmetry based on the mirror image
principle. The X-axis is set as the potential reference line. And the potential coefficient and
electric field coefficient generated at any point A in the field field of the pair line charge
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2.2 Inverse problem of electric field under transmission line

The relationship between the voltage on the transmission line and the offline electric field
can be written as follows according to formula (2) and formula (3) :

(E]=1r1[e)=Lr1- ([P [o]) )

When the electric field intensity [E] is given, the calculation of inverse operation can be
applied in two aspects. On the one hand, electric field intensity [E] and charge simulation
location information are given, the transmission line voltage [ @] can be solved through the
inverse calculation of coefficient matrix. On the other hand, electric field intensity [£] and
transmission line voltage [¢] are given, the charge simulation location information can be
solved, which is the height of the transmission wire generally.

In practical engineering application, the working flow of the voltage on the line through
inverse calculation is shown in Figure 2 below.
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Fig. 2. The flow of voltage inverse operation on nondestructive detection.

There are two main problems to be explained in the process of solving the inverse
problem. First, the calculation result, electric field value, is a scalar value synthesized by
the electric field vector in three-dimensional space. For the convenience of calculation, the
direction of the maximum electric field intensity [E,] is equal to [E]. Secondly, it is
necessary to use mathematical methods tos olve multiple linear regression equations. The
electric field intensity matrix [E£], coefficient matrix [f] and simulated charge matrix [Q] can
be written as a set of multivariate linear equations. When the number of transmission line is
n and the number of electric field intensity measurement points is 7’ (7>n), the equation is
similar to formula (6). The formula (9) is an overdetermined system composed of T
equations and » unknowns, which means lacks exact solutions. Therefore, the solution of
the multivariate linear fitting is converted to the least square method.

9 | | N2 o A E

_| 21 22 7 Jar 2 (6)
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The position information of the transmission line can be solved by inverse electric field
operation, namely, the height of the line. The solution process is similar to that shown in
Fig. 2. Significantly, each coefficient in the coefficient matrix [f] contains unknown
parameters, so it is an underdetermined system composed of 7 equations and nX T
unknowns. The underdetermined equation has innumerable solutions, so it needs to be
solved by using global optimization algorithm. The intelligent algorithm is used to solve the
above problem in this paper.



E3S Web of Conferences 260, 02009 (2021) https://doi.org/10.1051/e3sconf/202126002009
AEPEE2021

3 Optimization method of electric field inverse problem based on
intelligent algorithm

3.1 Intelligence algorithm

Intelligent algorithm is developed from the traditional optimization algorithm, which can
solve multi-objective nonlinear problems and have strong global optimization computing
power. The objective function and the constraint function need not be analytic, which
means well capability on all kinds of complex optimization problems.

The characteristics of solving electric field inverse problem are as follows:(1) It
contains a large number of sparse coefficient matrices; (2) The search accuracy of solving
parameters is in great demand; (3) Determining the optimal solution by constructing the
fitness function value. Two kinds of intelligent algorithms that meet the above requirements
are selected, which are combined with the CSM to construct the optimal charge simulating
method(OCSM) respectively. In this paper, particle swarm optimization(PSO) algorithm
and genetic algorithm(GA) are selected.

3.2 Steps and parameters of the optimal charge simulating method

The program flow chart of the optimized electric field inverse operation algorithm is shown

in Figure 3.
Start )

Initialize the population
and set the parameters

Output solving result End )

Call Funcion(CSM)

Calculate fitness value

Compare the applicable
values, update the population
and the optimal solution

Fig. 3. The flow chart of optimization electric field inverse operation algorithm.

For the algorithm theory of the two intelligent algorithms, it is necessary to set the
initial population number, strategy parameters, update population parameters and stop
conditions. The above parameters and conditions in the algorithm are shown in the
following table.
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Table 1. The algorithm parameter of intelligent algorithm.

Intelligence Algorithm | Algorithm parameter
Number of Iterations =100, Maximum Speed of Change =20%,

PSO Population Size =20
Acceleration Coefficient c1 = ¢2 =2, Inertia Weight = 0.8
GA Number of Iterations =100, Population Size =20

Variation Probability =1%, Cross Probability =0.9

3.3 Fitness function

The adaptive values of individuals are calculated for comparison in the intelligent algorithm,
which is used to update the population and select the optimal solution. Therefore, the
appropriate fitness function is needed to be constructed.

Since potential value is composed of voltage value and phase value, and there are n
potential values, fitness value can be written as:

= = * *

1 c I/tecti_Vi C Vte?ti_l/i
F e N e e (7)
n = Vi i=1 Vi
Where n is the phase number of transmission lines, 17“?5[,[ and Vtzst’i are the calculated

voltage value and phase value of the i-phase transmission line respectively, I7l and Vl*

are the given voltage value and given phase value of the i-phase transmission line
respectively. The solution results of the voltage and phase values are obtained by calling
Function(CSM), and then the fitness value is calculated. The smaller the difference between
the calculated value and the known value, that is, the smaller the fitness value ff,, the better
the result.

4 Experimental results and analysis of optimal charge simulating
method

The calculation example in this chapter takes the single-loop horizontal 220kV high-voltage
transmission line as an example. The three-phase transmission lines A, B and C are
horizontally arranged, and the radius of splitting conductor is 0.4m. The tower parameters
are shown in Figure 4-1.

(Unit:meter)
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Fig. 4. Schematic diagram of a high voltage transmission tower
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Meanwhile, the transmission line and its surrounding environment are simplified. The
transmission line is regarded as a infinite length straight line that parallel to the ground, the
split wire is simplified as an equivalent wire, and the ground is an insulating surface with
zero potential.

The electric field value is calculated under this example. The calculation results of
electric field intensity distribution at a height 5 meters above the ground are shown in Fig. 5.
Take the electric field intensity value at the appropriate position from the calculation results.
In this experiment, the measuring points arranged horizontally with a height of 5m are
selected, which corresponding to the position of three-phase transmission lines A, B and C
on X-axis.

(uyA)Ansuayun piaty 219

Fig. 5. Schematic diagram of electric field intensity.

The OCSM-PSO and the OCSM-GA all set the number of iterations as 100, and the
population size as 20. The value range of population is 100~500, corresponding to the
height range of wire is set as 100dm ~ 500dm. The number of iterations is set as the stop
condition of the algorithm. Finally, the optimal individual in the population obtained has the
best fitness value, which is the optimal solution of conductor height.

The program of OCSM is run on the software Matlab 2016b. The CPU configuration of
the computer is 15-8265U, and the RAM is 8GB. The optimal results, fitness value and
calculation time of the OCSM-PSO and the OCSM-GA shown in Figure 6 and Table 2.
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Fig. 6. Schematic diagram of iterative calculation.
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Table 2. Calculation results of OCSM

Parameter of OCSM OCSM-PSO OCSM-GA
The Number of Iterations to Obtain Stable Results | 25 33

Solution Result of Conductor Height /(m) 25.0 25.0

Reference Voltage /(V) 133367.91 133367.91
Reference Phase 457,165, 285° 45,165, 285
Fitness Values 12.0366X 10 13.4125X10°
Calculation Time /(s) 5.3248 5.9705

It can be clearly seen from the above figure and table that the OCSM-PSO iterates for
25 times to obtain the stable calculation result and solve the single optimal solution in the
optimal population. That is, the wire height is 25.0 meters, which is in line with the wire
height set in the calculation example, and the best fitness value is 12.0366 X 10, Through
of 33 iterative computations of the OCSM-GA, the stable calculation results were obtained.
The solution result is 25.0 meters, and the best fitness value is 13.4125X10°. Both
intelligent algorithms obtain accurate results, and the fitness value of 10°® power is obtained
to ensure the accuracy of the results. Compared with the two algorithms, the computation
time of the OCSM-PSO is slightly less than that of the OCSM-GA, with higher
computational efficiency and accuracy.

5 Conclusion

In this paper, the intelligent algorithm with global optimization and the CSM are introduced
to solve the problem of inverse calculation. Two different intelligent algorithms, particle
swarm optimization algorithm and genetic algorithm are combined with CSM. The same
optimal solution and the similar best fitness value are solved, which prove the general
effectiveness and solving accuracy of using intelligent algorithm for the OCSM. And The
computational efficiency of the two algorithms is compared.

The focus of this paper is to describe a method to optimize the inverse operation of
electric field, and provide a method to solve the inverse operation problem when there are
multiple unknowns, which has a guiding significance for the engineering application of
nondestructive determination through electric field inverse operation. In addition,
considering the actual situation of the transmission line, it is necessary to further study the
three-dimensional model and method of electric field calculation, and solve the matrix
problems by combining regularization, so as to improve the ill condition and instability that
may occur in the inverse operation.
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