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ORGANIZING WIRELESS NETWORK AT MARSHALLING YARDS
USING THE BEE METHOD

Purpose. In general, today wireless networks are widely used as an alternative to wired, allowing you to connect
multiple devices, both among themselves in the local and global Internet. However, at the present stage in Ukraine
there is no widespread use of a wireless network at rail transport, therefore it is advisable to conduct research on the
deployment of such a network, in particular, at a marshalling yard. Methodology. Using LocBS-BeeCol program
model written in Python according to the bee colony algorithm the optimal number of base stations (BS) of the wire-
less network and their location at the marshalling yards was determined, as well as research on the bee algorithm
parameters was conducted. Input data of the LocBS-BeeCol model are as follows: marshalling yard parameters (ar-
ea, number of clients that need to be connected to base stations); wireless network parameters (base station coverage
radius, maximum number of clients for one base station); parameters of the bee colony algorithm (number of scout
bees, number of attempts to find the optimal solution using one bee). Findings. For marshalling yards of various
capacities (small, medium and high), the optimal number of base stations of the wireless network was obtained with
restrictions on the coverage radius of the base station and the number of clients connected to it. Thus, for example,
to connect 300 clients at medium-sized marshalling yards with an area of 2500x500 m?, 93 base stations with a cov-
erage radius of 50 m are needed. Originality. The quality of the obtained solutions significantly depends on the
choice of the bee colony algorithm parameters. A study of the base stations number of the wireless network and
search time for finding the optimal solution for different number of bees and the number of attempts to find the op-
timal solution using the bee for marshalling yards of various capacities was carried out. It was determined that an
increase in the number of bees (from 10 to 50) and the number of attempts to find the optimal solution by a bee
(from 10 to 50) improves the quality of the optimal solution (decrease in the number of base stations by an average
of 6.5% and 9.3%), respectively. In addition, increase in the bee number (from 10 to 50) reduces the search time for
the optimal solution by bees by an average of 1.8 times, while increase in the number of attempts to find the optimal
solution by a bee (from 10 to 50) will increase search time for the optimal solution on average 2.14 times.
Practical value. An algorithm and its software implementation have been developed, which make it possible to de-
termine the required number of base stations and their location when deploying a wireless network at a marshalling
yards. For marshalling yards with high capacity, when the coverage radius of the base station is doubled (from 50 to
100 m), their number decreases by about half (from 136 to 64), while the time for finding the optimal solution by
bees increases by 2.5 times (from 8.4 to 20.6 s).

Keywords: marshalling yard; wireless network; base station (BS); coverage radius; bee method; bees; attempts;
search time
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Introduction

A wireless network is a connection of comput-
ers and other devices for information exchange
without the use of wires; the connection is made
through radio channels. The installation of a wire-
less network is necessary when the deployment of
a cable system is impossible or economically im-
practical. Wireless networks have significant ad-
vantages over wired ones [5, 11-12]: they allow
deploying the network in places where wires can-
not be used and maintain a sufficient data transfer
rate. Wireless networks also provide easy connec-
tion, user mobility, quick troubleshooting, and
network equipment availability.

According to their size, the wireless networks
are divided into (Fig. 1) [5, 11-12]: Wireless Per-
sonal Area Networks (WPAN) —up to 10 m; Wire-
less Local Area Networks (WLAN) —up to 100 m;
Wireless Metropolitan Area Networks (WMAN) —
up to 50 km; Wireless Wide Area Network
(WWAN).

WPAN WLAN WMAN

Bluetooth, IrDA
ZigBee, UWB Wi-Fi

WiMAX

] ] ] S
4

®

10m 100m 50 km Distance

Fig. 1. Classification of wireless networks

According to the topology, wireless local area
networks are divided into ad-hoc temporary net-
works (Independent Basic Service Set, IBSS);
Basic Service Set (BSS); Extended Service Set
(ESS). It is known that there are two main method-
ologies for WLAN deployment: wireless LAN
with maximum service area; wireless LAN with
maximum capacity [5, 11-12].

Scientists such as Ye. S. Skakov,
V. M. Malysh, dealt with the planning of wireless
networks [1]. To solve this problem, it is possible

to use intelligent methods of multiagent optimiza-
tion, which include bee, ant, particle swarm, bat,
fireflies and other algorithms [1, 2, 18]. The work
[1] determines that the bee method is the most
suitable for solving the problem of locating base
stations of a wireless network.

The bee method has some modifications [7-8],
one of which is BCOi (Bee Colony Optimization
based on the improvement concept). Its peculiarity
is that the work with complete solutions of the op-
timization problem is considered, not with partial
ones, as in the classical BCO method [1].

Since 2008, the GSM-R (Global System for
Mobile Communications — Railway) standard has
been used in European railways to ensure secure
wireless communication between railway services
and trains [3, 6, 7, 16]. The GSM-R network is
used to provide the European Train Control Sys-
tem (ETCS) [16]. In the UK, the GSM—-R network
has been fully operational since 2015 [16]. Today
in Europe we are talking about transition to more
modern technologies such as 4G/LTE and 5G [19].
In the future, the following new services are ex-
pected at railway transport: on-board and roadside
HD video surveillance, multimedia dispatcher vid-
eo streams, sensor information from railway infra-
structure, including bridges, viaducts, tunnels,
track defects, etc. Using infrared, sound and tem-
perature sensors, information is collected and sent
to a computation center [4].

At the present stage in Ukraine, research is be-
ing conducted on the information and telecommu-
nication system (ITS) of railway transport using
artificial intelligence methods [13—15, 20]: neural
and fuzzy networks, ant and genetic methods. But
the results of the introduction of wireless networks
at railway transport are not sufficiently presented
yet. The authors considered the possibility of using
WLAN technology for the implementation of mo-
bile communication at railway stations, made
a base station state chart in the Distributed Coordi-
nation Function (DCF), which is mandatory and
based on the protocol, providing Carrier Sense
Multiple Access with Collision Avoidance
(CSMA/CA). Now it is expedient to conduct
a study of the optimal number of base stations of
the wireless network, in particular at the marshal-
ling yard, which reaches the lower level (line en-
terprises) of the ITS of the railway transport of
Ukraine.
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Purpose

In our work, we plan to investigate the de-
ployment of a wireless network and search for the
optimal number of base stations according to the
bee colony algorithm for marshalling yards of dif-
ferent capacities. Phyton language was chosen for
software implementation.

Methodology

Problem statement. The marshalling yard
(Fig. 2) includes arrival park, sorting park, hump
and departure park. The most important part of the

technological process is the hump, the capacity of
which (small, medium, high and increased) de-
pends on the number of sorting sets (2, 3, 4, 6-8,
respectively). At the object under study there are
various technological areas (point section, speed
measuring and cut acceleration in the section of 1—
2 BP (brake position) and 3—4 BP, measuring cut
parameters, uncoupling control, cut mass determi-
nation) with various ground equipment: track sen-
sors and photodetectors; track circuits; weight
measuring devices; radar velocity meters and oth-
ers.

Fig. 2. Scheme of marshalling yard

Let L be the total number of clients to be con-
nected to the wireless base station at the marshal-
ling yard. Known M — are the candidate places
where WLAN base stations can be installed. In
addition, all clients must be connected to base sta-
tions.

Let us introduce the notation BSi(r)k — the i-th

base station of the wireless network with a cover-
age radius r, to which k clients are connected,

where ie[l;M]; ke[LL]. If BS,(r)* =1, then i-
th base station with k-clients is connected to the
WLAN, in other case BSl.(r)k =0.

Let us consider the following function as a target
one:

F =3B, - min. ()

i=1

moreover, it is necessary to comply with the
restrictions:

r<r k<k 2)

— "max ? — ""max

Where r

base station WLAN; k_. — the maximum number
of clients that are connected to the WLAN base
station.

Wireless network deployment at the marshal-
ling yard. Given the characteristics of the marshal-
ling yard, in the future we are talking about WLAN
planning.

— is maximum coverage radius of the

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2020/204005

62

© V. M. Pakhomova, D. 1. Nazarova, 2020


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec TpaHcnopTy. Bicaux J{HIIponeTpoBCEKOro

HaI[iOHAIBHOTO YHIBEPCUTETY 3aJli3HMYHOro TpaHcnopry, 2020, Ne 2 (86)

[HOOPMALIIMHO-KOMYHIKALIMHI TEXHOJIOI'Ti TA MATEMATUYHE MOJIEJTFOBAHHSI

According to the IBSS topology (Fig. 3) [5, 11—
12], client stations interact directly with each other
without an access point. Ad Hoc mode requires
minimum of equipment — a wireless adapter. This
configuration does not require the creation of any
network infrastructure. In this mode, each node
participates in routing by sending data to other
nodes, so determining which nodes send data is
done dynamically based on the network connection
and the routing algorithm used. Ad-Hoc mode is
used mainly to create temporary networks.

&8

Fig. 3. IBSS topology

According to the BSS topology (Fig. 4) [5, 11—
12], network nodes interact with each other not
directly, but through an access point (AP), which
can play the role of a bridge for connection to ex-
ternal cable network. All base stations in the net-
work are interconnected by Distribution System
(DS), which can be radio or infrared waves.

|
Mobile staﬁ%’
N g
/ AP

Mobile station

=

Mobile station

Fig. 4. BSS topology

The ESS topology (Fig. 5) [5, 11-12] makes it
possible to combine several access points, i.e. con-
nects several BSS networks. In this case, the access
points can interact with each other. This topology
is useful when you need to connect multiple users
to a single network or connect multiple wired or
wireless networks.

Ethernet

Fig. 5. ESS topology

It is advisable to use the ESS topology at the
marshalling yard, as you can use several access
points that interact with each other. In addition,
there are wired networks at the marshalling yard,
with which it is necessary to exchange information.

WLAN focused on the service area are devel-
oped taking into account the provision of maxi-
mum coverage with the minimum possible number
of access points, Fig. 6. [5, 11-12].
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Fig. 6. Service area oriented WLAN

In a typical service area oriented network, the
ratio of the number of users to the number of ac-
cess points is 25:1. Some typical features of
WLAN are focused on the maximum service area:
the use of bursty applications with low packet rate,
for example, those generating requests to data-
bases; the need for low spectral bandwidth re-
quirements, so that the data flow rate can be re-
duced to a minimum of 1 and 2 Mbps; ensuring
easy maintenance, as WLAN maintenance staff is
small. In service area oriented networks, typical
programs have low packet rate and low spectral
bandwidth requirements. This approach allows
many users to immediately access WLAN services

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2020/204005

© V. M. Pakhomova, D. 1. Nazarova, 2020

63


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec TpaHcnopTy. Bicaux J{HIIponeTpoBCEKOro

HaI[iOHAIBHOTO YHIBEPCUTETY 3aJli3HMYHOro TpaHcnopry, 2020, Ne 2 (86)

[HOOPMALIIMHO-KOMYHIKALIMHI TEXHOJIOI'Ti TA MATEMATUYHE MOJIEJTFOBAHHSI

while maintaining sufficient characteristics of the
latter. Such options are common for small or me-
dium-sized affiliates, when WLAN is chosen as an
alternative to wired Ethernet. Easy-to-deploy
WLAN provide basic LAN connections that are
not required for file and printer sharing. Each
WLAN access point serves approximately 25-30
users [5, 11-12].

Wireless LAN that focus on high bandwidth
(Fig. 7) should provide maximum performance and
packet rate for each BSS client.
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Fig. 7. WLAN focused on maximum
spectral bandwidth

The cell size of the bandwidth-oriented WLAN
is smaller than that of the WLAN, which focuses
on the maximum service area, respectively, the
location density of access points is higher. High-
bandwidth-oriented WLAN are required when one
uses applications that require high packet rates;
uses applications that are sensitive to delays; de-
ploys subnets of smaller scales (or several subnets
in one service area); there is a high density of user
placement. In such networks, the number of access
points is several times greater than that for WLAN
oriented on service area. The service area of each
access point is much smaller than when building
a network focused on the maximum service area.
Each access point serves about 12 users [5, 11-12].

For a marshalling yard, it is advisable to use
WLAN deployment methodologies that focus on
maximum bandwidth, wireless LAN should pro-
vide maximum performance and packet rate for
each client.

Choice of organization algorithm of wireless
network at marshalling yard. Nowadays, there are
many different swarm algorithms, which can be
divided into [2, 18]: swarm algorithms based on
the behavior of insects and animals; swarm algo-

rithms based on bacterial behavior and inanimate
nature. The first include the following algorithms:
particle swarm algorithm; ant algorithm; bee algo-
rithm; fireflies algorithms; cuckoo search algo-
rithm; bat algorithm. The second include gravita-
tional search algorithm; intelligent drip algorithm;
stochastic diffusion search; bacterial optimization.

Particle swarm algorithm is proposed to opti-
mize continuous nonlinear functions. Ant algo-
rithm is one of the most efficient polynomial algo-
rithms for finding approximate solutions to route
search problems on graphs. Bee algorithm is a rela-
tively new algorithm for finding global extremums
of complex multidimensional functions. According
to the bee algorithm, bees explore areas that are
near elite ones, which allows you to approximate
the solution to optimal. The advantage of the algo-
rithm is the possibility of efficient division into
parallel processes and high speed [2].

Biological bases of the bee method. Bees in na-
ture search for food by studying the space around
their hive (Fig. 8) [17].

NECTAR SOURCE A

Dancing scout

Follower bees

Dancing scout

Fig. 8. Nature analogue

Review of the sources [1-2, 8-10] showed that,
as a rule, at the initial stage, several scout bees
study the environment. After the search, scout bees
return to the hive and inform the other members of
the swarm about the location, quantity and quality
of available food sources that they have found. The
information exchange takes place with the help of
dance on a specially designated area. If a bee
watching a skate dance decides to leave the hive
and collect nectar, it will follow one of the scouts
to one of the previously found food sources. Such
a bee becomes a busy forager. It collects nectar,
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while clarifying information about the amount of
nectar near the source found. After collection, the
forager returns to the hive and leaves the nectar
there. It can then do one of the following: become
a free forager, leaving its current source of nectar;
continue extracting nectar from its source without
recruiting free bees by dancing; continue extracting
nectar from its source, while recruiting free bees.

Described process continues anabated, while
the hive accumulates nectar and explores new are-
as with potential food sources.

Bee colony algorithm, the enlarged scheme of
which is presented in Fig. 9 [10]. First the colony
is initialized, then the solution is searched, after
which the bees exchange information in the hive
with the help of dance, then the colony is initial-
ized again until the stopping criterion is found, af-
ter which the optimal solution is found.

e )
]

Population
initialization

>
>
b

Path exploration

v

Perform waggle
dance

h 4

Population
initialization

s stopping criteria?

Find optimal
solution

[ )

Fig. 9. Block diagram of the bee colony algorithm

Software implementation of the bee colony al-
gorithm is performed in Python using standard li-
braries: Os — is responsible for interaction with the
OS; Sys — is responsible for system functions;
Random — is responsible for generating random
numbers; Math — is responsible for mathematical
operations; Datetime — is responsible for time con-
version; Matplotlib — is responsible for plotting.

The structure of the LocBS-BeeCol software
model includes the following wuser classes
(Fig. 10): Log — used to debug the program and
display the results, it is the parent for all classes;
Field is a class for presenting a marshalling yard,
where the search for base station location is per-
formed; Hive is a hive class where bee-scouts ex-
change information and choose the optimal solu-
tion, the parent class is Field; Bee is a class of
scout bees looking for coordinates of base stations,
the parent class is Hive.

Class Field Class Graphic
A
e
S A
|
Class Hive ll-— Class Log
T I
| |
ﬂ“ ;"I
\ /

L -
i Class Bee i**"'

Fig. 10. Interaction of the main classes
of LocBS-BeeCol

The location of base stations (BS) at the mar-
shaling yard is based on the algorithm, which is the
basis of the LocBS-BeeCol software model and the
scheme of which is shown in Fig. 11. First, all
classes are initialized. This is followed by a cycle
with the premise: whether all customers are cov-
ered by base stations. If not, then it is performed
the clearing of extremum values, detection of
search area coordinates for each bee, then the
search for clients in a certain area and the coordi-
nates of the base station are determined, at the end
of the cycle the found clients are deleted from the
list of free clients. If all clients are covered by base
stations, the result will be displayed as a diction-
ary, the volume of which is the number of BS
(res[bs_count]), and consists of structures whose
fields are the location of the BS (new_bs_location),
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the number of clients (clients_in_area) covered by
this BS, and numbers of these clients with coordi-
nates (clients_in_area_list) in the form of diction-
aries.

Fig. 12 shows a corresponding fragment of the
program. In the For cycle (line 28) the required
number of bees is created, according to the initial
conditions. After creating everything necessary for
the work of program, the implementation of the
algorithm itself begins. Line 30 starts the While
cycle until all clients are connected to the base sta-
tions. Inside, the For cycle (line 32) takes place, in

Start

e Classes initialization
A Log, Field, Hive, Bee

which the extremums and positions for each of the
bees are reset to zero (lines 33-35). After specify-
ing the search field (line 36), each bee makes
a given number of attempts to find the optimal so-
lution for the location of the base station (line 37).
As a result of the cycle iteration, the global extre-
mum, where it is more expedient to install the base
station can be found, in this case it will be installed
(line 40). Next, the client numbers that are con-
nected to the BS (lines 41-42) are deleted from the
general list, and the cycle returns to the beginning.

Clearing extremes

Search area coordinate
detection

v

Searching clients in a
detection area

|
v

Searching coordinates of
the base station

|
¥

Deleting found clients from
the list

Building the schedule

Stop

Fig. 11. LocBS-BeeCol model algorithm scheme
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bees =
iter_count = @
while len(hive.clients_list) > @:

[bee(hive, log) for i in range(bees_count)]

log.stat{"run”.upper(), "### Iteration #"+ str(iter_count) +" started. ##

#")

for bee in bees:
bee.local extremum = {7}
bee.location = []
hive.global extremum = {}

scouting area = hive.set scouting area(field, bs_area_ radius)

for _ in range(max_retries_count):
tor bee in bees:
bee.scout{scouting_area)

bee.set_bs_location{hive.global_extremum)
for key, value in hive.global extremum["clients_in_area_list™].items():
hive.modify_clients_list({key: valuel})

iter_count += 1

Fig. 12. LocBS—-BeeCol program model fragment

Findings

Determining the number of BS at the marshal-
ling yard of small capacity. Input parameters:
number of bees (bees_count) = 10; maximum
number of attempts to find the optimal solution
(max_retries_count) = 10; number of clients (cli-
ents_count) = 250; maximum number of clients
covered by one WLAN base station
(bs_max_clients_count) = 12; coverage radius
(bs_area_radius) = 50; field width (field_width) =
2,000; field height (field_height) = 400. The results
of the model work are shown in Fig. 13.

Artificial Bee Colony algorithm to setting BS locations
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Fig. 13. BS location at the marshalling yard
of small capacity

Thus, the recommended number of BS for
a small-capacity marshalling yard is 78, 23 of
which are in the arrival park, 37 — in the sorting
park and the hump, 18 — in the departure park.

Determining the number of BS at the marshal-
ling yard of medium capacity. Input parameters:
number of bees (bees_count) = 10; maximum
number of attempts to find the optimal solution
(max_retries_count) = 10; number of clients (cli-
ents_count) = 300; maximum number of clients
covered by one WLAN base station
(bs_max_clients_count) = 12; coverage radius
(bs_area_radius) = 50; field width (field_width) =
2 500; field height (field_height) = 500. The results
of the model work are shown in Fig. 14.

Artificial Bee Colony algorithm to setting BS locations
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Fig. 14. BS location at the marshalling yard
of medium capacity

Recommended number of BS for a medium-
capacity marshalling yard is 93, 19 of which are in
the arrival park, 59 — in the sorting park and the
hump, 18 — in the departure park.
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Determining the number of BS at the marshal-
ling yard of high capacity. Input parameters: num-
ber of bees (bees_count) = 10; maximum number
of attempts to find the optimal solution
(max_retries_count) = 10; number of clients (cli-
ents_count) = 350; maximum number of clients
covered by one WLAN base station
(bs_max_clients_count) = 12; coverage radius
(bs_area_radius) = 50; field width (field_width) =
3 000; field height (field_height) = 600. The results
of the model work are shown in Fig. 15.
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Fig. 15. BS location at the marshalling yard
of high capacity

Recommended number of BS for a high-
capacity marshalling yard is 131, 19 of which are
in the arrival park, 92 — in the sorting park and the
hump, 20 — in the departure park.

Originality and practical value

Investigation of algorithm parameters. The quali-
ty of the obtained solutions largely depends on the
choice of algorithm parameters. Therefore, a study
was conducted to identify the dependences of the
optimization results (the number of BS of wire
network) and the time to find the optimal solution
for different numbers of bees and attempts for mar-
shalling yards (MS) of different capacity. The re-
sults are presented in Fig. 16—19.

Fig. 1617 show that increase in the number of
bees (from 10 to 50) and the number of attempts to
find the optimal solution by one bee (from 10 to
50) leads to a decrease in the number of WLAN
base stations by an average of 6.5 and 9.3% re-
spectively.

Number of BS

Number of BS

Search Time, s

150
100 S R
O A -
50
1]
0 20 40 60
Number of Bees
—i—

Fig. 16. Optimization results dependence
(number of BS) on the number of bees
for MS of different capacity
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Fig. 17. Optimization results dependence
(number of BS) on the number of attempts
for MS of different capacity
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Fig. 18. Dependence of the optimal solution
search time on the number
of bees for MS of various capacity
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Fig. 19. Dependence of the optimal solution search time
on the number of bees for MS of various capacity

Increasing the number of bees (from 10 to 50)
reduces the search time for the optimal solution by
bees by an average of 1.8 times (Fig. 18), while
increasing the number of attempts to find the opti-
mal solution for one bee (from 10 to 50 ) leads to
an increase in the time to find the optimal solution
by an average of 2.14 times (Fig. 19).

Investigation of the coverage radius of the
WLAN base station was performed for a high-
capacity marshalling yard. The obtained results on
the LocBS-BeeCol software model are summa-
rized in Tab. 1.

Table 1

The investigation results for high-capacity
marshalling yard

No.ofin. | BScover Solution
vestigation | *&° rr'idluss BS number searcslé Cflme,
1 50 135 2
2 135 20
3 133 19
4 140 2
5 138 20

Average: 136.2 20.6
1 100 67 8
2 61 7
3 62 9
4 63 9
5 66 9

Average: 63.8 8.4

The Table shows that twofold increase in the
base station coverage radius (from 50 to 100 m)
leads to a decrease in the number of BS approxi-
mately twice (from 136 to 64), while the search
time for the solution of bees increases 2.5 times
(from 8.4 to 20.6 sec). The study was conducted
with the following parameters: the number of bees
(bees_count) = 10; maximum number of attempts
to find the optimal solution (max_retries_count) =
10; number of clients (clients_count) = 350; max-
imum number of clients covered by one base sta-
tion (bs_max_clients_count) = 12; field width
(field_width) = 3,000; field height (field_height) =
600.

Conclusions

1. Taking into account the topology of the
marshalling yard and the peculiarities of the rele-
vant technological process, it is advisable to use
a wireless local area network of the ESS topology
with WLAN deployment methodology, focused
on maximum bandwidth.

2.Based on the results of the review of scien-
tific sources to determine the optimal number of
WLAN base stations and their location at the
marshalling yard, the bee method was used, the
advantages of which include the possibility of
effective division into parallel processes; high
speed work.

3. Based on the bee colony algorithm in Python,
the corresponding LocBS-BeeCol software model
was compiled, the input data of which are as fol-
lows: marshalling yard parameters (area, number
of clients to be connected to base stations); WLAN
parameters (base station coverage radius; number
of clients served by the base station); the bee colo-
ny algorithm parameters (number of bees, number
of attempts to find the optimal solution by the bee).
For example, to connect 300 clients to a medium-
capacity marshalling yard with an area of
2 500x500 m?, 93 base stations with a coverage
radius of 50 m are required.

4. The quality of the obtained solutions largely
depends on the choice of the bee colony algorithm
parameters. A study of the number of WLAN
base stations (solution search time by the bees) on
the different number of bees (attempts to find the
optimal solution by bees) for marshalling yards of
different capacity. It is determined that increase in
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the number of bees and the number of attempts to
find the optimal solution by the bee leads to an
increase in the quality of the optimal solution —
decrease in the number of base stations. In addi-
tion, increase in the number of bees leads to a de-
crease in the time to find the optimal solution and
increase in the number of attempts will lead to an
increase in the time to find the optimal solution
by bees.

5. For a high-capacity marshalling yard in the
case of increasing the coverage radius of the
WLAN base station twice the number of BS is
reduced by about two times, while the time to
find the optimal solution for bees increases
2.5 times.
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OPT'AHI3ALIS BE3JIPOTOBOI MEPEKI HA COPTYBAJIBHIN
CTAHIII 3 BAKOPUCTAHHAM BJ)KOJIUHOI'O METOY

Merta. CroronHi 6e31poTOBI MEpeKi ITMPOKO BUKOPUCTOBYIOTH B SIKOCTI albTEPHATUBH APOTOBUM, IO TO3BO-
JIs€ MIKITIOYUTH JOeKiTbKa MPHCTPOIB SK MK cO00I0 B JIOKAIBHY, Tak 1 10 riio0anpHOI Mepexi [HTepHeT. Aue
Ha CydYacHOMY erami B YKpaiHIi HeMae MacoBOTO BHKODHCTaHHS O€3JpOTOBOI Mepexi Ha 3ali3HUYHOMY
TPAHCIIOPTi, TOMY JOLIIBHO ITPOBECTH JOCIIIKEHHS PO3TOPTAHHS TAKOT MEPEXi, 30KpeMa Ha COPTYBaJbHIN CTaHII].
Mertoauka. Ha mporpamaiit mogeni «LocBS—BeeCol», mo ctBopeHa MmoBoio Python 3a anropurmMom OmKOIHHOL
KOJIOHIi, BU3HAYCHO ONTHMANBHY KibKicTh 0a3zoBux craHIiil (BC) 6e3mpoToBoi Mepexki Ta X po3TamryBaHHS Ha
COpTYBaJIBHIN CTaHMii, MPOBEJAECHO JOCHTIKEHHS mapameTpiB anropurmy. Bxinui gani mogeni «LocBS—BeeColy»:
nmapamMeTpu COPTYBAJIbHOI CTaHIT (IUTOIA, KITBKICTh KITIE€HTIB, IKAX MOTPIOHO MiJKIFOYUTH 10 0A30BHX CTaHIII);
napameTpu 0e3apoTOBOI Mepexi (pajiyc MOKPUTTs 0a30BOi CTaHINIi, MAKCHMaJIbHA KUTBKICTh KIIEHTIB I OJHIE T
0a30B01 craHlii); mapaMeTpu ajiropuTMy OJPKOJUHOT KOJIOHIT (KINBKICTh OJIUKINI-PO3BIAHUKIB, KIJIBKICTH CIPOO
3HalWTH ONTHUMAaJIbHE PILICHHS OJHOK 0/K0010). Pedyabraru. s copTyBalbHHX CTaHLI# Pi3HOT MOTYXKHOCTI
(Manoi, cepeiHbOT Ta BEMKOT) OTPUMaHO ONTHMANbHY KUIBKICTh 0a30BUX CTaHLiN 0€31poTOBOT Mepexi 3a oOMe-
KCHb Ha paJliyc MOKPUTTSA 0a30BOi CTaHII{ Ta KiTBKICTh KIIEHTIB, MO MiTKIOYEHI N0 Hei. Tak, HampukiIam, i
nigxmrogenns 300 KIIieHTIB Ha cOpTyBalbHil CTaHIIi cepeHboi MOTYKHOCTI, mWwIoma skoi 2 500x500 M2, HeobXi-
HO 93 6azoBuX cTaHmii 3 pagiycoMm mokpuTts 50 M. HaykoBa HoOBH3HA. SIKiCTh OTPUMAaHUX PIllIEHb 3HAYHOIO Mi-
PO¥O 3aJIeKUTH BiJ BUOOPY MapaMeTpiB alTOPUTMY OJDKOIMHOI KooHii. [IpoBeieHo MOCTiIKEeHHS KUTBKOCTI 0a30-
BHX CTaHI 0e3pOTOBOI MEpexki Ta Yacy MOIITYKY ONTUMAIBFHOTO PIlIEHHS 3a Pi3HOK0 KUTBKICTIO 0K Ta KUTbKIC-
TIO CIPOO 3HAWTH ONTHUMaJIbHE PillIeHHs OKOJIO0 /ISl COPTYBAIBHUX CTaHIIM pi3HOI MOTy»KHOCTI. Bu3HaveHo, 1o
30ubIIeHHsT KijbkocTi 60k (i3 10 no 50) Ta KimbKOCTI crpo0 3HAXO/PKEHHS ONTHMAIBHOTO PILIEHHS OJ/1XKOJIO0
(13 10 no 50) npu3BOAMTH 10 YTOUYHEHHSI ONTUMAJIBHOTO PillIeHHsI (3MEHIICHHS YKciia 0a30BUX CTaHLIN y cepeqHbo-
My Ha 6,5 Ta 9,3 % BiamoBinHo). Kpim Toro, 306inbineHHs KiapkocTi 00ki (i3 10 1o 50) npu3BoaAUTh 10 3MCHIIICHHS
4acy MOUIYKY ONTHMAIBHOTO DillleHHs OJDKojiaMK B cepeqHboMy B 1,8 pasa, y Toil 4ac sik 30UIbLICHHS KLIBKOCTI
crpoO 3HAXOKEHHS ONTHMANBHOTO pimieHHst 0/pkos0t0 (i3 10 1o 50) npusBeae 10 3pOCTaHHs Yacy MOUIYKY OINTH-
MAJIBHOTO pIillIeHHS B cepeHhOMY B 2,14 pasa. [IpakTuyna 3HaunMicThb. Po3poOiieHo anroputm Ta #ioro mporpa-
MHY peai3allito, sSKi TO3BOJISIOTh BU3HAYHTH HEOOXiTHY KiTbKICTh 0a30BHX CTaHINM Ta iX po3MileHHS Iix 9ac
po3ropraHHsi 06€31pOTOBOT Mepexi Ha COpTyBajbHIH cTaHwii. {7 copTyBaJbHOI CTAHII BEJIMKOI IMOTYXXHOCTI
B pasi 30UIbIIeHHS pajaiyca NOKpHUTTS 6a3oBoi craHmii yaBivi (i3 50 1o 100 M) kinbkicTe BC 3MeHnIyeTsest mpuo-
JTU3HO B 1Ba pasu (31 136 mo 64), mpu 1bOMY 4Yac MOIIYKY ONTUMAIbHOTO PIMIEHHS OKOJIaMM 30UTbIIYETHCS
B 2,5 pa3sa (i3 8,4 mo 20,6 c).

Kniouosi cnosa: copTyBallbHa CTaHIlis; Oe3apoToBa Mepexa; Oazoma cranmis (BC); pamiyc MOKpUTTS;
0LKONMMHUI METO; OKOIIH; CIIPOOH; 9ac MOIIyKy
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OPI'AHU3AIIMA BECIIPOBOJHOM CETU HA COPTUPOBOYHOM
CTAHIIMHU C UCHOJIb30BAHUEM ITYEJAHOTI'O METOJIA

Heanb. Ceronus 0ecnipoBOJHBIE CETH IIMPOKO HCIOJB3YIOT B KAUeCTBE aIbTEPHATHBBI IIPOBOJHBIM, YTO MO3BO-
JISIET TIO/IKIIFOUUTh HECKOJIBKO YCTPOWCTB KaKk MEXAY co00ii B JIOKaJIbHYIO, TaK U K ri00anbHoi cetn UHTepHeT. On-
HaKO Ha COBPEMEHHOM dTalle B YKparHe HET MacCOBOT'O MUCIIOJIb30BaHMsI OECIIPOBOTHOI CETH Ha JKEJIE3HOAOPOIKHOM
TPaHCIOPTE, MO3TOMY LENecO00pa3HO MPOBECTU HCCIIEIOBaHHE Pa3BEPTHIBAHUSI TAKOW CETH, B YaCTHOCTH, Ha COP-
TUpOoBOYHOH cTaHuuu. MeToauka. Ha nporpamMmuoi Mmonenu «LocBS—BeeColy, HanucanHo#t Ha s3pike Python no
ITOPUTMY ITYETMHONW KOJIOHWH, OIpENeNIeHO ONTUMalbHOe KosmuecTBO 6a3oBbix craHimii (BC) OGecnipoBogHOi ce-
TH U UX PACHOJIOXKEHHE HA COPTHPOBOYHOM CTaHIUH, IPOBEJIEHO HCCIEAOBAaHUE ITapaMeTPOB alropuTMa. BxoaHsle
naansle Mogenn «LocBS—BeeCol»: mapameTpsl COPTUPOBOYHOM CTaHINH (TIOMIAb, KOJMIECTBO KIMEHTOB, KOTO-
PBI HY’KHO MOJKITIOYHUTH K 0a30BBIM CTAHIMAM); apaMeTphl OECIIPOBOAHON ceTn (paauyc MOKPHITHS 0a30BOi cTaH-
LM, MAaKCHMaJIbHOE KOJIMYECTBO KJIMEHTOB VISl OJIHOI 0a30BOM CTaHINM); TApaMEeTPhl ITOPUTMA ITIETHHON KOJIO-
HUM (KOJMYECTBO ITYEN-Pa3BEIUYMKOB, KOJMYECTBO MOMBITOK HAWTH ONTHMAIBHOE PEIICHHE OIHOW IYENION).
PesyabsTaTrsl. {715 COPTHPOBOYHBIX CTAHIMHA Pa3IMIHON MOITHOCTH (MAJIOH, cpemHeH M BBICOKON) MOIY9IEeHO ONTH-
MaJIbHOE€ KOJIMYECTBO 0a30BBIX CTaHIMWI OECHPOBOIHON CETH NMPH OTPAaHUYEHHSIX Ha PAJAUYC MOKPBITHS 0a30BOM
CTaHLIMU U KOJHMYECTBO KJIMEHTOB, MOJKIIOUEHHBIX K Hed. Tak, Hampumep, i noakiaodeHuss 300 KIHEHTOB Ha
COPTHPOBOYHOMN CTAHIIMH CpeAHEH MOIIHOCTH, IIOMAnb KoTopoii 2 500x500 Mm%, Heo6xoauMo 93 6a30BBIX CTAHIUI
¢ paguycom nokpbITus 50 M. Hayunast HoBu3Ha. KauecTBO MoMyuyeHHBIX pPElIeHNH B 3HAYUTEILHON Mepe 3aBHCUT
OT BbIOOpa MapaMeTpOB ANTOPUTMA IMUENHHON KoyioHnu. [IpoBenieHo nccienoBaHue KoJndecTBa 0a30BBIX CTAHLIUU
6ecIIpOBOJHON CETH M BPEMEHH MOMCKA ONTHMAIBHOTO PEHICHUS MIPH Pa3InYHOM YHCIIE ITYel U KOIUYECTBE MOTIbI-
TOK HalTH ONTHUMAJIBHOE PEIICHHE MMUYENION sl COPTUPOBOYHBIX CTAHIUHN Pa3sIUYHON MOIMHOCTH. ONpeneneHo, 4To
yBenmueHne koamdectsa maedn (¢ 10 1o 50) n KommyecTBa MOMBITOK HAXO0X/SHUS ONTUMAIBHOTO PEIICHUS MUesIon
(c 10 o 50) mpuBOAMT K yTOYHEHHIO ONTHMAJILHOTO PEIleHHs (yMEHBIICHHUIO Ynciia 0a30BBIX CTAHIUI B CPEAHEM
Ha 6,5 n 9,3 % coorBercTBeHHO). Kpome 3toro, yBenuuenne konmdecta myel (¢ 10 1o 50) npuBoauT K yMeHbIIe-
HUIO BPEMEHU MTOUCKA ONTHMAaJIbHOIO PEUICHUs MYelaMH B cpeJHeM B 1,8 pasa, B TO BpeMs Kak yBEIMYEHHUE KOJH-
YECTBA TIOMBITOK HAXOXKJIEHHUS ONTUMajbHOTO pemrenus myenoi (¢ 10 go 50) mpuBeneT K pocTy BPeMEHHU MOMCKA
ONTUMAJIBHOT'O PEIIeHUs B cpeaHeM B 2,14 pa3za. [IpakTuyeckasi 3HAYUMOCTh. Pa3paboTaH airoputM u ero mpo-
rpaMMHas peaau3anys, MO3BOJIIOINE ONPENeIUTh He0OX0IMMOe KOJIMYEeCTBO 0a30BBIX CTAHIMH U UX pa3MeIIeHne
IIpU pa3BEPTHIBAHUN OECIPOBOJHOI CETH Ha COPTUPOBOYHOM CTAHIUH. 11 COPTUPOBOYHOIN CTAHIMM BBICOKOI
MOIIIHOCTH MPY YBEIMYCHUU PaJnyca MOKPBITH 0a30B0oi cranuuu Basoe (¢ 50 no 100 m) xomuuectBo BC ymens-
miaeTcs MpUMEPHO B JiBa pa3a (co 136 no 64), mpu 3TOM BpeMsi MTOWCKA ONTUMAJILHOTO PEIICHHS MUeIaMH YBEITUIH-
BaeTcs B 2,5 pasa (¢ 8,4 10 20,6 c).

Kniouegvie cnosa: copTUpoBOUHAs CTaHIMA; OecrpoBojHas ceTh; 0azoBas cranuus (bC); pamuyc mokpsITns;
MTYETUHBIN METOJ; MYEITbl; MOMBITKH; BpeMs IOUCKa
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