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SYNTHESIS OF AN ACTIVE SHIELDING SYSTEM OF THE MAGNETIC FIELD OF
POWER LINES BASED ON MULTIOBJECTIVE OPTIMIZATION

Purpose. The synthesis of the active shielding systems by technogenic magnetic field generated by the different types of high volt-
age power lines in a given region of space using various cables of controlled magnetic field sources. Methodology. The initial pa-
rameters for the synthesis of active shielding system parameters are the location of the high voltage power lines with respect to the
protected transmission line space, geometry and number of cables, operating currents, as well as the size of the protected space
and normative value magnetic field induction, which should be achieved as a result of shielding. The objective of the synthesis of
the active shielding system is to determine their number, configuration, spatial arrangement, wiring diagrams and compensation
cables currents, setting algorithm of the control systems as well as the resulting value of the induction magnetic field at the points
of the protected space. Synthesis of active shielding system is reduced to the problem of multiobjective nonlinear programming
with constraints in which calculation of the objective functions and constraints are carried out on the basis of Biot — Savart —
Laplace law. The problem is solved by a stochastic multi-agent optimization of multiswarm of particles which can significantly
reduce the time to solve it. Results. Active screening system synthesis results for the various types of transmission lines and with
different amounts of controlled cables is given. The possibility of a significant reduction in the level of induction of the magnetic
field source within a given region of space. Originality. For the first time carried out the synthesis of the active shielding systems,
by magnetic field generated by the different types of high voltage power lines within a given region of space controlled by a mag-
netic field sources with different amounts of controlled cables. Practical value, Practical recommendations on reasonable choice
of the number and spatial arrangement of compensating cables of active shielding systems for different types of high voltage
power lines in order to ensure the effectiveness of a given shielding of the magnetic field high voltage power lines. References 13.
figures 6.

Key words: power lines, power frequency magnetic field, active shielding system, multiobjective synthesis, stochastic multi-
agent optimization, particle multiswarm.

Ilpogeden cunmes cucmem aKmugHo20 IKPAHUPOGAHUA MEXHOEHHO20 MAZHUMHO20 NOJIA, CO30A6AEMO20 PA3IUYHBIMU 6030V~
HBIMU TUHUAMU INIEKMPOnepeoaiu Hympu 3a0aHHOIl 001acmu npoCMpPancmed, ¢ NOMOU{bI0 YNPaeiaemovlX UCMOYHUKOE Ma2-
Humnozo noas. Cunmes c6o0UmMcs K peuienu1o 3a0a4u MHOZOKPUMEPUAIbHO20 HETUHENH020 NPOPAMMUPOSAHUA C O2PAHUYEe-
HUAMU, 8 KOMOPOUl GbIYUCTCHUA Ye1e8bIX QYHKUUIL U 02PAHUYEHUIl 6bINOIHAIOMCA HA ochosanuu 3akona buo - Casapa - Jlan-
naca. 3aoaua pewiaemca MenmooomM CIMoOXACMUYECKO MynbMUazeHMHOl ORMUMUZAYUL MYTbMUPOEM YACIMULY, YO NO360AEM
cyuwiecmeenno cokpamums epemsa pewienus. Ilpueedenvt pesyivmameor cunmesa cucmem aKmueHo20 IKPAHUPOSAHUA O Pa3-
auunvix munos JISI u ¢ pasnuunvim xKonuuecmeom ynpaenaemvix oomomox. Ilokazana ¢o3zmoscnocms cyuiecmeennozo cHu-
HCEHUA YPOGHA UHOYKUUU UCXOOHO20 MAZHUMHO20 NOJIA 6HYMPU 3A0aHH0ll 00nacmu npocmpancmea. bubdin. 13, puc. 6.
Kniouesvie crosa: BO3AyLIHbIE TMHUH JIeKTPONepeayd, MATHUTHOE I0JIe IPOMBILLIEHHOH 4YacTOThI, CHCTeMa AKTHBHOIO JK-
pPaHHPOBaHMsI, MHOTOKPUTEPHAILHBINH CHHTE3, CTOXaCTHYECKAsi MyJbTHATEHTHAs] ONTHMH3ALHUsI, MyJIbTHPOI YacTHIIL.

Introduction. Many residential buildings and struc-
tures are located in the vicinity of overhead power lines so
that the level of the magnetic flux density inside them ex-
ceeds the current sanitary standards. In addition, due to
the constant rise in price of land, the construction of resi-
dential, administrative and other public buildings in the
places where the existing overhead power lines. One pos-
sible way of operation of such buildings is the use of ac-
tive shielding systems.

Analysis of existing active shielding systems. The
research and implement a variety of active shielding sys-
tem of man-made magnetic field of industrial frequency
currently underway intensively [1-9]. In such systems
special coil are used as the executive body of the active
shielding system - active cables, the number of which is
determined by the specifics of the problem being solved.
The most widely used active shielding system with a
single coil. [1] To improve the efficiency of the system
using two, three, six, twenty-four or more windings [9].
To control these windings can be used a different num-

ber of magnetic field meters - magnetometers: one, two,
three, six, twenty-four or more. Number magnetometers,
usually equals to the number of controlled winding or
number of windings pairs. Specifically, when six type
coils Helmholtz coils may be used three magnetometers
disposed at the center of the magnetic field shielding re-
gion and oriented orthogonally with respect to controlled
windings [9].

The goal of the work is synthesis and study of sys-
tems of active shielding of the magnetic field of industrial
frequency generated by a variety of transmission lines
with different numbers of magnetic windings of the ex-
ecutive bodies and assessment of the effectiveness of the
synthesized systems.

The formulation of the optimal control problem
on the basis of multiobjective optimization. We con-
sider the solution of the problem of synthesis of systems
of active shielding of man-made magnetic field of indus-
trial frequency generated by overhead lines within a given
region of space, on the basis of multi-criteria approach.
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[12] Technogenic magnetic field is generated by a three-
phase overhead power line. Active shielding of the mag-
netic field sensor system comprises a magnetic field con-
trol system, power source and controllable magnetic field
source - controlled current windings installed in the zone
where it is necessary to maintain the internal magnetic
field parameters within specified limits.

At given structure of the system of active magnetic
field shielding task active shielding system synthesis in a
given space is reduced to the determination of the vector
spatial location and geometric dimensions compensated
coils, as well as the controller parameters X at which the
maximum value of the magnetic field at selected points
P, of the considered space P takes a minimum value

X*:arg min maxB(X,Pi). (1)
XeX PeP
In minimizing the magnetic flux density B(X, P;) at
the point P; induction values at other points of the space
situated in the vicinity of this point is greater than this
minimum value, or by undercompensation or by over-
compensation level source magnetic field induction using
active shielding system. Moreover, as we approach the
point in question to the value of the control winding in-
duction becomes significantly greater induction of the ini-
tial level of the magnetic field due to overcompensation.
Therefore, the problem (13) can not be reduced to the so-
lution of m local minimize magnetic flux density prob-
lems B(X, P;) in m points P;
*

X; argminB(X,Pi), izl,_m, 2)
XeX

and then to the choice of such a solution X" from the set

X l-**, i=l,_m at which the maximum

of m local optima
value of the magnetic flux density B(X, P;) in all the
points P; is minimal

X**:argmiinmgB;-(X% P-)’ 3)

i
i=Lm j=lm /

where B;(Xl* ,P]) is the magnetic flux density in the

point P; calculated at the optimal value of the vector of
the desired parameters of regulators X, ,* found one that

minimizes (3) the level of the induction at the point P;.

In general, the problem (1) the synthesis of a system
of active magnetic shielding power frequency field gener-
ated by overhead lines within a given region of space, can
be formulated in the form of multi-criteria optimization
problem following the vector criterion

B() = [BUr.RVBCB)LBRT |
whose components B(X, P;) is the vector of induction
modules m points P; of the considered space. This, of
course, need to be considered limitations on vector con-
trol and state variables as a vector and the inequality may
equality

G(X)SGmaxa H(X):0~ (5)

Note that the components of the vector criterion (4)

and limitations (5) is a nonlinear function of the vector of
the desired parameters of regulators X and their calcula-

tion is performed on the basis of the law of Biot-Savart-
Laplace [10, 11].

A method of solving the problem of multiobjec-
tive optimization. The problem of finding a local mini-
mum of (4) at one point P; of the space, as a rule, is mul-
tiextremal containing local minima and maxima, there-
fore, to solve it is advisable to use multi-agent algorithms
stochastic optimization [12]. Consider the algorithm for
finding the set of Pareto-optimal solutions multicriteria
problems of nonlinear programming based on multi-agent
stochastic optimization. To date, we developed a large
number of particle swarm optimization algorithms - PSO
algorithms based on the idea of collective intelligence
particle swarm like gbest PSO algorithms and lbest PSO
[13]. Application of multi stochastic optimization meth-
ods for solving multicriteria problems today raises certain
difficulties and this trend continues to grow rapidly [12,
13]. To solve the original multiobjective nonlinear pro-
gramming problem (4) with constraints (5) construct an
algorithm for stochastic optimization of multi-agent based
on multiple swarms of particles, the number of which
equals the number of components of the vector optimiza-
tion criterion. In the standard particle swarm optimization
algorithm changes velocities of the particles is carried out
in a linear fashion. [13] To increase the speed of finding
the global optimum algorithm used nonlinear stochastic
optimization of multi-agent [12].

With the help of individual j-th swarms solved the
problem of optimizing the scalar criteria B(X, P;) which
are components of the vector optimization criterion (4). In
order to find a global solution to the original multiobjec-
tive problem (4) in the search for optimal solutions to lo-
cal criteria individual swarms exchange information with
each other. At the same time to calculate particle swarm
speed information is used on a global optimum, received
particles of another swarm that allows you to select all of
the potential Pareto optimal solutions. To this goal, at
each step ¢ of i-motion of the particles of the j-th swarm
functions swarm binary preferences of local solutions, re-

ceived all the swarms. The solution X ; (t) obtained during
the optimization objective function B(X(f), P;) using the
Jj-th swarm is preferred relative to the solution X Z (¢) re-
sulting in the optimization of the objective function
B(X(r),B,) with the help of k-th swarm, i.e.

X j (t)-x Z (¢) if the following condition is correct
max B(R, X' (1)) < max B(2, X} (). (6)
i=l,m i=l,m
At the same time as the global optimal solution
X Z (¢) of the k-th swarm the global solution X j (¢)is used,
the resulting by j-th swarm which is more advantageous

with respect to a global solution X Z (¢)of the k-th swarm

on the basis of preference relation (6).

In fact, this approach is implemented the basic idea
of the method of successive narrowing of the field of
trade-offs - from the initial set of potential solutions based

ISSN 2074-272X. Electrical Engineering & Electromechanics. 2016. no.6 27



on the information about the relative importance of local
solutions consistently removed all Pareto-optimal solu-
tions, which can be selected according to the available in-
formation about the preferences of respect. Removal is
carried out until the globally optimal solution. The appli-
cation of this approach in each step is not the restriction is
removed, no potentially optimal solution.

Results of computer modeling. We consider the
synthesis of the active shielding system of the magnetic
field generated by overhead lines of various design,
within a given region of space controlled by a magnetic
field sources with different amounts of compensating
windings and various designs. At the beginning of the ac-
tive system, consider shielding the magnetic field gener-
ated by double-circuit overhead lines having six conduc-
tors. As it has been shown by many researchers [3, 5], the
magnetic field produced by such a line has an elliptical
polarization, which allows to build active shielding sys-
tem with one compensation winding. It should be noted
that such systems are most widely in the world [1, 6, 8].
As an example, Fig. 1 shows the lines of equal levels of
magnetic flux density with enabled active magnetic field
shielding system with a single executive body of the
magnetic coil. As can be seen from this Figure, in this
space, where it is necessary to shield the magnetic field,
while the system is active shielding level magnetic field
does not exceed 0.4 pT, while the level of the source of
the magnetic field varies in the range of 1.8 uT to 0.5 pT.

Fig. 1. The lines of equal level of magnetic flux density with
enabled active shielding system with one winding

To improve the efficiency of the system will add a
further winding, as shown in Fig. 2. In this system, the ac-
tive layer shielding the magnetic field does not exceed 0.2
uT, while the level of the magnetic field in a system with
only one winding is reduced to 0.4 pT.

In the world practice of building systems in addition
to the shielding of active single-phase three-phase wind-
ings are used as windings, allowing to create a rotating
magnetic field, as shown in Fig. 3.

—
)

Fig. 2. The lines of equal level of magnetic flux density with
enabled active shielding system with two windings

In this system, the magnetic field does not exceed
the level of 0.4 uT, so that the system provides the same
effectiveness as the system with a single winding, as
shown in Fig. 1. However, in this case, three phase wind-
ing occupies less space than a single-phase winding at the
same efficiency of the system.
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Fig. 3. The lines of equal level of magnetic flux density with
enabled active shielding system with three-phase winding

Fig. 4 shows the lines of equal levels of magnetic
flux density with enabled active shielding system using a
three-phase and single-phase windings. The level of the
magnetic field in such a system does not exceed 0.3 puT.

Let us now consider the synthesis of the active
shielding system of the magnetic field generated by the
single circuit overhead lines having three current-carrying
wires. The magnetic field produced by such a line has a
substantially circular polarization [3, 5], so that for the
construction of active shielding system must use at least
two compensation winding.
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Fig. 5 shows the lines of equal levels of magnetic
flux density with enabled active shielding system with
two windings.
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Fig. 4. The lines of equal level of magnetic flux density with
enabled active shielding system with three-phase and one-phase
windings

As it shown in Fig. 5, in this space, where it is nec-
essary to shield the magnetic field, while the system is ac-
tive shielding level magnetic field does not exceed 0.4
uT, while the level of the source of the magnetic field var-
ies in the range of 1.8 uT to 0.5 uT.

X, m
Fig. 5. The lines of equal level of magnetic flux density with
enabled active shielding system with two windings

The magnetic field of the circular polarization can
also create and use a three-phase winding, as shown in
Fig. 6. The level of the magnetic field in such a system
does not exceed 0.4 uT.

Conclusions.

1. It is shown that the problem of the synthesis of the
active shielding system is reduced to the problem of mul-
tiobjective linear programming with restrictions in which

calculation of the objective functions and constraints are
carried out on the basis of the Biot-Savart-Laplace law.

2.1t is proposed to implement the solution of the syn-
thesis problem based on constructing Pareto optimal solu-
tions using multi-agent algorithms of stochastic optimiza-
tion by a particle multiswarm which reduces the time for
solving the problem.

3. The possibility of reducing the level of the magnetic
flux density inside a given region of space using the syn-
thesized active shielding system four times is confirmed.

2z,

Fig. 6. The lines of equal level of magnetic flux density with en-
abled active shielding system with three-phase winding
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