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GENETIC METHOD FOR OPTIMAL RECONFIGURATION
OF THE POWER DISTRIBUTION NETWORKS

The paper presents the general statement and innovative solution to tackle the important present-day
applied problem of developing new methods for optimal configurations of high voltage distribution networks.
Reconfiguration of the power distribution network considered under normal operation mode is developed by
using the genetic algorithm, which enables the determination of an optimal network configuration so that
power losses over transmission lines are minimized, the standard quality of electric power is provided, and
the appropriate voltage at consumers’ connection points is assured. Moreover, this approach allows operation
economy due to minimum connectivity of electrical network circuit design, and minimal outage losses.

Key words: high voltage distribution network, reconfiguration, genetic algorithm, functional circuit design

reconfiguration.

Introduction. The problem of reliable and qual-
itative electric power supply in 6-35 kV power dis-
tribution networks can be solved by providing the
optimal control of power flows, and adjusting the
parameters of regulation and compensation devices.
At the present age of intellectual technologies, the
solution to this problem requires developing smart
electrical power networks, as stated within the scolpe
of implementation of Smart Grid concept. Smart grid
concept acquires special importance when dealing
with the operation mode control problems in 6-35 kV
power distribution networks, characterized by under-
level of dispatching control centralization. Moreover,
the problem of intellectualization of distribution net-
work control is complicated by large dimensions of
the system, low system observability, and a restricted
range of technical arrangements available for adap-
tive control.

In operating power distribution networks there
is often a problem of topology change, or that of
reconfiguration of functional circuit design, intended
to minimize electrical power network maintenance
expenses and to ensure the appropriate power quality
supply [1, c. 35; 4, c. 12].

In fact, each of the possible functional circuit
designs is characterized by a range of parameters,
such as the reliability of electric power supply, the
power quality at consumer’s connection points, and
the power losses over transmission lines. Thus, it
is of great importance to consider the optimization
problem for functional circuit design configuration of
power distribution networks.

Formulation of the problem. It should be men-
tioned that in order to find the solution to the problem
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of optimal configuration of power distribution net-
works scientists today usually make use of the esti-
mation models based on the comparison of several
alternatives of electrical power network configura-
tion. In most of the cases, the electrical power net-
work reconfiguration is carried out by one criterion,
and with imposing some restrictions. Classical opti-
mization models and methods have not been widely
used because of the complexity of the problem, which
is caused by the following aspects [2, c. 86; 3, c. 10;
5,c.174]:

— the problem of electrical power network con-
figuration optimization is of multi-criteria, so that the
problem solution should consider the requirements of
operation economy (profitability), electrical power
supply reliability, power quality, environmental
friendliness etc. under the condition of little accuracy
of explicit network state;

— optimization methods of power distribution
network configuration should take into account the
dynamical character of electrical supply system deve-
lopment;

— optimization function of electrical power net-
work configuration is discrete and contains disconti-
nuities;

— the information about electrical system param-
eters is of probabilistic or even uncertain nature.

The purpose of the present research is to develop
the method of optimal reconfiguration of functional
circuit design in the power distribution network on
the basis of genetic algorithm.

The solution of the problem. The problem of
finding the optimal functional circuit design reconfig-
uration of power distribution network can be solved
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as a target criterion function. It allows designing the
optimal configuration of electrical power network
simultaneously by four criteria, namely minimum
connectivity of the circuit design, voltage deviation,
economic component of outage losses, and active
power losses:
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where k|, k,, k;, k, — are the weight coefficients
intended for joining incommensurable parameters as
part of the target criterion function; K, — is alarm coef-
ficient, which is equal to unity in case the contacts of
i-th switch apparatus are closed, and to null if the con-
tacts of i-th switch apparatus are open; N — is the total
number of the switch apparatus, which determines
the configuration of the functional circuit design of
the electrical power network; U, — is the deviation
of operating voltage of i-th circuit point beyond the
permissible limit; M — if the total number of branch
points in the circuit design; a; — is the level of load
limitation of i-th point of the functional circuit design
in case of emergency perturbation; P, — is the active
power of i-th point load in the circuit design; Y; — is
the specific economic losses caused by limitation of
i-th point load in the circuit design; AP, — is active
power losses on i-th section of the functional cir-
cuit design of the power distribution network; L — is
the total number of sections in the functional circuit
design under consideration.

It is obvious that in expression (1) the first com-
ponent of the optimization function provides the
minimal connectivity of the functional circuit design
in the power distribution network; the second com-
ponent represents the power quality at the points of
consumer’s voltage connection; the third component
stands for the reliability of electrical supply, that is
the economic component of outage losses; and the
fourth components is the operation economy (prof-
itability) of the system’s operating mode with power
losses in the network.

In determining the numerical values of weight
coefficients it is recommended to reduce all four com-
ponents of the target criterion function to one order,
for example to unity, and to consider their mutual
influence. For that reason, it is possible to adopt the
following correlation for the installed power of the
network P.:
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The proposed optimization function of the func-
tional circuit design configuration of power distribu-
tion network is a complex nonlinear discrete func-
tion of many variables, the form of which restricts
the use of traditional methods of optimization, in
particular the methods of nonlinear programming,
such as Lagrangian multiplier method and gradient
descent method. Thus, following from the target cri-
terion function proposed, the genetic algorithm has
been used to determine the optimal functional circuit
design configuration of power distribution network.

The key idea of the approach proposed here is to
identify the characteristics and properties of the pos-
sible solutions of distribution network configuration
by means of binary code and vector, which contains
binary chains of the properties of alternative solu-
tions. It is obvious that to a certain degree the vector
matches the simplified mathematical model of a bio-
logical organism genotype, containing the full infor-
mation about this organism. This allows us to apply
the basic genetic operations of cross breeding, which
will lead to the formation of new solutions with new
properties.

Therefore, it is possible to present the functional
circuit design configuration of the electrical power
network under consideration by means of the binary
chain, each bit of which contains the information on
the state of a matching section of the circuit design
(““0” — if the section is the open connector and is not
a part of load cover section of the consumers con-
nected; and “1” — if the section is in process). The
overall search space consists of 2n possible states,
where n — is the total number of circuit design sec-
tions of the electrical power network.

Since the electrical power network may contain
hundreds and thousands of sections, the problem
solutions of optimal network configuration becomes
very complicated. For the purpose of accelerating the
operation, increasing the efficiency of genetic algo-
rithms, and decreasing the probability of incoherent
circuit design of the electrical network, we suggest
restricting the search space by zone allocation of
unconditional attractors of power supplies, which
contain the sections of the circuit design that provide
power supply of certain consumers at any combina-
tions of permissible operation mode parameters (e.g.
voltage at power supply bus-bars, load power etc.).
This part of the circuit design stays unvaried, and
can be neglected in the reconfiguration. The other
part of the circuit design represents a “boundary”
zone, where the search for places to locate reserve
connectors for the purpose of optimum sectionalisa-
tion of power distribution network is directly done.
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Allocation of unconditional attractor zones of power
supply and “boundary” zones within the circuit
design of the power distribution network allows
greatly reducing the search space of optimal solution.
This increases the efficiency of applying mathemat-
ical apparatus of genetic algorithms to the solution
of optimization problem without additional time-con-
suming control of connectivity conditions of func-
tional network diagram.

Hence, in the optimal reconfiguration of power
distribution network we determine only the boundary
zone with a restricted number of sections on which
the breaker can be switched on or off. Boundary zone
sections make up a binary chain for the genetic algo-
rithm. Graphical interpretation of boundary zone is
presented in Fig. 1.
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Fig.1. Graphical interpretation of a boundary zone of
the electrical network

The developed method [6, c. 58] of optimal power
distribution network reconfiguration based on using
the genetic algorithms consists in applying the fol-
lowing procedures:

1. All power supplies of power distribution network
are considered in succession and in pairs, and uncon-
ditional attractor zones of each power source are iden-
tified on the basis of the minimax approach. For this
purpose, the power of distribution substation loads of
one power supply is maximized and the power of other
power supply is minimized. Further, the circuit design
section to which the electric centre of load belongs is
determined by the following expression:
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where N — is the total number of sections of a dou-
ble-fed line; /, — is the length of i- th section of the cir-
cuit design; P, — is the active power of load at the end
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of i th section; [, — is the distance from the beginning
to the end of i-th line section.

Conditional excluded sections between electric
centres of load divides the circuit design into two
incoherent parts, and each incoherent part determines
the unconditional attractor zone of a current power
supply. These operations are also carried out for other
power sources. The parts of the circuit design that
are not within the area of any unconditional attrac-
tor make up a boundary zone (Fig. 1), in which the
search for places to locate the reserve connectors will
be done.

2. The method of coding the genetic information
about power distribution network configuration is
applied. For this purpose, the binary chain is formed,
whose length is equal to the number of sections within
a boundary zone. Each bit of the chain determines the
condition of a corresponding section of the circuit
design (“1” — the section is in process, “0” — the sec-
tion is a reserve connector section).

3. The initial population of possible configuration
solutions of circuit designs of the power distribution
network is created. The volume of initial population
depends on the dimensions of a boundary zone of
the circuit design, and constitutes 20-30 individuals.
A phenotype of all configurations of circuit designs,
or of individuals of initial population, is developed.
One of the configurations should match the initial
circuit design of the distribution network. Other phe-
notypes are filled by means of the random-number
generator with uniform distribution.

4. For all individuals of the initial population of
possible functional circuit design configurations the
values of target criterion function (1) is calculated,
which determines the optimality degree of the cor-
responding network configuration solution. Also, the
average value of the target criterion function for ini-
tial population as a whole is determined.

5. A roulette wheel for determining the current
parent pair of circuit design configurations of power
distribution network is created by the calculation
method. For this purpose, the wheel is divided into
sectors, and the number of sectors equals the number
of individuals of the current population. The lower the
values of the target criterion function for the corre-
sponding configuration solution, the larger the width
of sector. The width of each sector is determined in
relative units by the expressions:
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where F, — is the value of target criterion function
for the circuit design of the current population; i — is
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the index of the current circuit design (individual)
within the population; N — is the total number of cir-
cuit designs within the population; A; — is the width of
“roulette” sector which matches i -th circuit design of
population in relative units.

6. The roulette wheel is started twice by means of
the random-number generator with uniform distribu-
tion, and two individuals of the current population
whose genetic material will be used for the formation
of a new daughter design are determined.

7. The genetic operator of two-point crossover is
applied to the selected parent pair, and the result will
be a new daughter solution.

8. By means of the random-number generator
with uniform distribution it is determined whether it
is necessary to apply the genetic mutation operator
to the generated new phenotype, and this operator is
applied in case of necessity.

9. For a new configuration solution, the value of
target criterion function of optimality is calculated by
expression (1).

10. The roulette wheel is formed to determine the
current population individual that will be replaced by
the generated new solution. In this case, the width of
wheel sectors should be larger with higher values of
the target criterion function of a corresponding phe-
notype. This width is calculated in relative units by
expression:

A = f;
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As a result, the width of each roulette sector is
directly proportional to the value of target criterion
function for the corresponding configuration solu-
tion. One-time start of the roulette wheel is done by
means of the random-number generator with uniform
distribution to determine the individual of the current
population that will be replaced by a new daughter
configuration solution. The replacement and compu-
tation of the average value of criterion function is per-
formed for the updated population of circuit designs.

11. The conditions of genetic algorithm conver-
gence are verified. If the number of generations of
the generated daughter solutions has attained the limit
value, or all phenotypes of the current population of
possible configurations of the functional circuit design
have resulted into one solution, the work of genetic
algorithm is finished, and the best configuration of
the circuit design of the current population with the
minimum value of criterion function is accepted as
the optimum solution. Otherwise, the following cycle
of genetic algorithm is carried out, starting from pro-
cedure 5.

Results and discussion. The developed method
of determining the optimal circuit design reconfig-
uration of the power distribution network by using
the genetic algorithm has been tested on a subsys-
tem of the electrical power network formed by feed-
ers 4 and 18 of “Gnivan” substation, feeder 20 of
“Gnivan” substation, and feeder 22 of “CFD” sub-
station (Fig. 2).

Non-selected part of the circuit design with 52 sec-
tions represents a boundary zone. The condition of
connectors of this zone in the genetic algorithm is
represented as a binary chain of 52 bit, for example,
as “FFFEFFDFFFF7F”.

The initial population of a boundary zone of the
genetic algorithm consists of 20 circuit designs, one
of which is a configuration of the functional circuit
design at the current position of reserve connectors,
and genotypes of all others are filled by means of the
random-number generator. The operation of genetic
algorithm is illustrated in the diagram in Fig. 3. Here,
curve F,,(g) represents the time history of the value
of target criterion function of optimality in genera-
tions for the best design solution; F,,(g) — is the time
history of average value of criterion function for the
whole generation.

EPS5-35/6 kv "CFD"

EPS-110/35/6 KV_"Gnivan"

switched on

Fig. 2. The distribution network
with selected unconditional attractors of feeders
and a boundary zone
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As seen from Fig, 3, the value of the criterion
function for the best individual practically does not
change after 30 full cycles of genetic algorithm are
complete, which demonstrates that convergence
of search process has been achieved. The optimal
boundary zone of the functional circuit design under
consideration is presented in the diagram in Fig. 4.

Conclusion. The efficiency of the method proposed
for optimal reconfiguration of the power distribution
network has been proved by the practical application
of genetic algorithm for optimisation of power distri-
bution networks configuration. The example of this
method described in this paper shows that the optimal
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Fig. 3. Values of criterion function in generations

reconfiguration of power distribution network enables
decreasing active power net losses by approximately
10% (from 0.19 MW to 0.17 MW), and ensures the
appropriate quality and reliability of the power supply.
During the algorithm implementation about 600 alter-
natives of configurations were considered on the
boundary zone, which represents less than 0.01 % of
the general search space required for a complete circuit
design of power distribution network.
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Fig. 4. An optimal boundary zone of the functional
circuit design of the thirtieth generation
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TEHETHYHUI METO/ 111 ONTUMAJIbHOI PEKOH®ITYPAIIIT

PO3NOJALIBHOI EJJEKTPUYHOI MEPEXKI

Y pobomi npedcmaeneni 3a2anvhi noroiceHHss ma iHHOBAYIHI PilueHHs 0I5l GUPIWEHHS BAJICTUBOI cyyac-

HOI NPUKIAOHOI npobiemu po3poOKU HOBUX MemoOi8 ONMUMANLHOL peKOHpIZypayii UCOKOBOTIIMHUX PO3NO-
OinvHux mepedic. Pexonghicypayiss po3nooinbHoi enekmpuyHoi mepesici po3eisHyma 8 HOpMAaibHOMY percumi it
pobomu 3 BUKOPUCIAHHAM 2CHEMUYHO20 ANCOPUMMY, AKUL 00380NAE GUSHAYUMU ONMUMATILHY KOHQI2ypayiio
Mepedici max, uwod empamu ROMYHICHOCMI NO JIHIAX eleKmponepedasants 0yau MiHIMMalbHUMU, 3a0e3neuysa-
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J1ACs CMAHOAPMHA SIKICMb eleKmpoeHepaii ma 6I0nosioHa Hanpyaa 8 NYHKMi NiOKIYeHHs cnoxcugayis. Kpin
moeo, yeli nioxio 3abe3neyye MiHIMANbHY 36 SA3aHICMb CXeMU MePeXci ma MiHIMAIbHI eKOHOMIUHT 6mpamiu.

Knwuogi cnosa: sucokosonvmui enekmpuyti mepeici, pekongizypayis, cenemuynuil aneopumm, Yyiitbosa
@ynxyin pexonghizypayii cxemu

TEHETUYECKHWI METO/, JIJIs1 ONTUMAJIbHOM PEKOH®UT'YPALIMN
PACIPEJIEJIMTEJABHOM JIEKTPUYECKOW CETH

B pabome npeocmasnenvt obwue nonogicenus u UHHOBAYUOHHLIE NPEONONCEHUS O PeuleHusl 8aic-
HOU COBPEMEHHOU NPUKAAOHOU Npobiembl pazspabomKu HO8bIX Memo008 ONMUMAIbHOU PEeKOH@UIypayuu
BbICOKOBONILIMHBIX pACHpederumenvHuix cemell. Pexongueypayus pacnpederumenvHol 3nekmpuyeckoll cemu
paccmMampugaemcsi 8 HOPMAIbHOM pedicume ee pabomvl ¢ UCTIOTbIOBAHUEM 2eHEMUYECKO20 aleOpUmmad,
KOMOpblil NO360A5E€M ONpedenums ONMUMATbHYIO KOHpUISYpayuro cemu max, 4modvl nomepu MOWHOCY NO
JUHUSIM DTIEKMPOnepeoayu Ovbliu MUHUMATLHBIMU, 00eCNeYU8aioCch CIMAHOAPMHOE KA4eCmao 1eKmpoIHepeUuL
U coomeemcmsyrouiee HanpsdiceHue 8 nyHKme nooKatouenus nompeoumeneu. Kpome smozo, nooxoo obecne-
Yueaem MUHUMAILHYIO CEA3AHHOCb CXeMbl DIEKMPUYECKON cemu U MUHUMATbHbIE IKOHOMUYeCKUe NOmepu.

Kniwoueesvle cnosa: 6vicoko801bmMHbIE NEKMPULECKUE CEMU, PEKOHDUISYPAYUs], 2eHEMUYeCKUll Aleopumm,
yenesas hpynxyusi pekonghueypayuu cxemul.
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