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THE PROBLEM OF REDISTRIBUTION OF RADIO FREQUENCY
USED IN THE ORGANIZATION DIVISIONS

Abstract. The problem of radio frequency distribution is considered in the article, taking into account the regulations
and geographical location of the operating units. The problem of assigning radio frequencies from among those assigned
for corporate use is studied. Using conformal mapping, it was substantiated that any territory can be divided into zones,
each of which will have a border with only three other zones. In this case, in each zone, you can assign frequencies in the
amount of one quarter of the total number of available frequencies that do not overlap with frequencies assigned to adjacent
zones. A mathematical model of the problem of radio frequency redistribution has been built, taking into account the
regulations and the geographical location of the units. The implementation of algorithm allows taking into account the
history of frequency distribution by zones, which allows you to completely update the used radio frequencies for a new
period of operation. A software module has been compiled that generates frequencies at random from those available for
assigning corporate use for each zone. The software module allows fast and frequent reallocation of frequencies by zones,
thereby ensuring the safety, reliability and stability of communication between organizational units.
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Introduction

The management of the radio frequency spectrum
is an important area of government activity in the
direction of increasing the efficiency of using radio
frequency resources. The issue of radio frequency
allocation is one of the significant tasks in radio
transmission, radio communications, radio competition
and other similar areas that use electromagnetic waves
to transmit information. The choice and allocation of a
frequency band for use by certain services, institutions,
organizations is determined by their specifics and
working conditions. There are various studies devoted
to the problems of managing the use of the radio
frequency spectrum, including the tasks of their
redistribution between different branches of radio
frequency operation [1]. At the same time, with the
exception of some small deviations, all countries of the
world use the same radio frequencies for their intended
purpose [2-4].

Radio frequency (RF) spectrum management is an
analytical, procedural and political approach to planning
and managing the electromagnetic spectrum. Over the
past 15 years, the European Union has paid special
attention to the development of the digital economy in
the internal market through the use and management of
the radio frequency spectrum policy [5-8].

In 2002, according to the filing by the Radio
Spectrum Management Council and the Parliament, a
Framework Directive and an Access Directive were
issued, related to the powers of the European Union for
the management of spectrum in radio communications
[6, 7]. This document gave a powerful impetus to the
development of the EU digital economy.

There are different approaches to the allocation of
radio frequencies, depending on the geographical
location, interstate relations and the level of
development of countries. In Europe, special attention is
paid to the issue of planning and allocation of radio

frequencies. Taking the limited availability of radio
frequency resources into account, they are often
classified under two groups — resources for permanent
and temporary use. In some cases, the possibility of
distributing frequencies by hours depending on the time
of day is also considered.

However, every organization that uses radio
communication at work, faces the task of distributing
the frequency range between its divisions, within the
limits of the permissible frequencies allocated for it. To
increase the ability to use more different radio
frequencies, the geographic area is divided into a
reasonable number of distinct zones. This allows to
duplicate the used radio frequencies in non-contiguous
zones without disrupting the operation of radio
equipment in adjacent zones.

Depending on the existing regulations, a number
of criteria and conditions can be put forward to the
frequency allocation rules, described by a set of
regulatory rules. Among them there are the bandwidth
for one radio frequency channel, periodic changes in the
frequency of the unit, etc.

In this paper, we consider the problem of
developing an algorithm for the allocation of radio
frequencies, taking into account the regulations and the
geographical location of the operation units.

The statement of the problem

In the general case, an organization is allocated a
certain range of radio frequencies for the operation of its
subdivisions by setting its lower and upper limits, for
example, 30000kHs, and 88000kHs .

Considering the bandwidth for one radio frequency
(RF) channel, the total number of n permissible
operating frequencies can be determined. For example,
if the bandwidth for one RF channel is (grid spacing),
25kHs then the total number of allowed frequencies
will be 34000 .
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However, restrictions are often imposed on some
frequencies or on a range of frequencies contained
within specified limits, which must be considered in the
distribution.

Let the whole territory be divided into a finite
number of zones.

In each zone, the assignment of frequencies for
one or another corporate user is carried out on the basis
of some considerations. The main regulatory restrictions
are related to the geographical location of the
operational units' location zones.

Their essence is as follows:

- The entire territory is subdivided into separate
zones;

- Distribution of frequencies by zones is carried
out for a certain period, after which the frequencies are
redistributed;

- Distribution of frequencies by zones is carried
out for a certain period;

- After a certain period of time, the frequencies are
redistributed between the zones again.

Frequency allocation by zones must meet the
following conditions:

1) in each limited operational period, for each
separate zone, radio frequencies must be allocated in the
amount established for this zone;

2) within one zone, all frequencies must be
different;

3) the frequencies in the "adjacent" areas must also
be different. And in non-contiguous areas, frequencies
can be repeated;

4) the frequencies allocated for each zone must be
different from the frequencies allocated for the same
zone in the previous period of operation.

Adjacent zones are zones that have common
boundaries.

For example, Fig. 1 shows 8 zones designated by
the symbols A, B, C, D, E, F, K, N. Zone A shares
borders with zones B, E and F. Consequently, in each
period of under consideration, the frequencies used in
zone A cannot coincide with the frequencies used in
zones B, E and F.

The frequencies used in Zone C cannot match the
frequencies used in Zones B, D, E. And in zone N, any
frequencies can be used, since this zone does not have a
common border with other zones.
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Fig. 1. Geographical location of zones

Let us give an estimate of the number of possible
frequency distributions between zones. Let some region
be given: country, island, etc. It is required to split this
area in such a way that each sub-area (let's call them
zones) has a common border with no more than three
other zones.

Also, the union of these zones is the same as the
original area.

If the area is a rectangle, then one of the options
for dividing it into non-intersecting zones with the
described properties can be triangulation —, i.e. dividing
the area into triangles.

Since any simply connected area can be
conformally mapped onto a circle [9, 10], it is obvious
that any simply connected convex area can be mapped
onto a rectangle by continuous mapping. Triangles will
be one of the solutions to the problem.

Thus, the distribution of frequencies between a
large number of areas is reduced to the problem of
frequency distribution between four areas. For each area
has a border with three other areas (zones).

Let us have n frequencies at our disposal. They
can be numbered, for example, in ascending wavelength
or frequency.

Let us denote them by f;, i=1,2,...,n. The total

number of available frequencies will be k = B} .

Let's assign, for example, for the zone numbered i
the radio frequency

f;:jefi-k (i+2)k].

This distribution satisfies conditions 1) -3).

In order to satisfy condition 4) we’ll assume that
the previous distribution was carried out by the same
algorithm, but with a shift of the parameter i by one
module 4.

That is, for i=ig+1 at ip <4,and i=1 at iy <4.

Thus, with a given frequency allocation algorithm,
each zone can be provided with k of different
frequencies that satisfy conditions 1) -4).
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Based on this algorithm, it is possible to distribute
frequencies not in order, but randomly. In fact, random
numbering of frequencies will provide a solution to this
problem. Here is an implementation of algorithm.

Algorithm for generating
a list of frequencies

Let’s denote the set of all admissible frequencies
with F . This set, obviously, contains all frequencies,
fo +ixAf, n{u] i=0,..n,
Af

with the exception of the forbidden ones, which are
specified by their enumeration or in the form of
intervals. Here:

fp - the
frequencies,

f; - the upper limit of the permissible frequencies,

Af - the minimum difference between the basic
values of frequencies,

[ - ] - means the whole fraction.

Depending on the number of prohibited
frequencies, the total number of F will be a certain
number M <n.

Let the total number of zones (territories) within
which it is planned to distribute frequencies be N .

Let's number these zones from 1 to N and denote
by A, and By, accordingly, the set of radio frequencies
that are used by radio stations at the current moment and
the set of radio frequencies that are to be allocated by
radio stations in the zone with the number k, where
k=12,..,N.

Let’s denote by 3, the set of indices of the
broadcasting zones that have an adjacent (common)
border with the zone number k. Obviously, for
different k , the number of elements may be different.

For example,

31=1{2,3,4,6}, I, =113 4} etc.

lower limit of the permissible

Let’s denote an operator generating a random
subset of a given set in the number of m elements with

R(m), where m is not more than the total number of
elements of the original set.

The principle of generating new parts by zones is
based on the selection of random frequencies from
among those allowed for this zone, with the exception
of frequencies used in this zone at the current moment
and coincidence with the frequencies of adjacent zones.
It is easy to see that such a selection of frequencies can
be implemented as follows:

R(m):F\A —> B,

k=2,..,N,

R(m):F\A \Uj<k, jes Bi 7 Be

Thus, the result of applying this algorithm is the
set By,(k=12..,N), representing a set of new

frequencies.

While the described algorithm provides non-
repeatable frequencies of adjacent zones, it also allows
the use of the same frequencies in non-adjacent zones,
thereby increasing the choice in allocating frequencies
to zones.

Conclusion

Thus, we have studied the problem of assigning
radio frequencies from among those assigned for
corporate use by organizations. It was shown that any
territory can be divided into zones, each of which will
have a border with only three other zones.

In this case, in each zone, you can assign
frequencies in the amount of a quarter of the total
number of available frequencies that do not overlap with
the frequencies assigned in adjacent zones.

A mathematical model of the problem of radio
frequency redistribution has been built, taking into
account the regulations and the geographical location of
the operation units. The implementation algorithm
makes it possible to take into account the history of
frequency distribution by zones, which allows you to
completely update the used radio frequencies for a new
service life.

A software module has been compiled that
generates frequencies for assigning corporate use for
each zone. The software module allows fast and
frequent reallocation of frequencies by zones, thereby
ensuring the safety, reliability and stability of
communication between organizational units.
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3aBaaHHs nepepo3noainy paaioyacror,
110 BUKOPUCTOBYIOTHCS B MiApo3aijax ekcmiayaranii

A. B. INamaes, E. H. Ca63ies, A. I'. 'acanos

AHoTaunisi. B poboTi posrismacTbes 3amada po3MOAUTY pajiovacToT, 3 ypaxyBaHHSIM PErIaMeHTIB i reorpadigyHoro
po3TanryBaHHS MiAPO3ALTIB eKCIuTyaTamii. JlocmipkeHo 3a1ady Mpru3HaYeHHs pafioyacToT 3 YMciia 3aJaHuX I KOPIIOPATHBHOTO
KOPHCTYBaHHs. 3aCTOCYBaHHSIM KOH(GOPMHOTO BifoOpaxkeHHs1 Oyi0 0OIpYHTOBAHO, IO OyIb-sIKY TEPUTOPIiI0 MOXKHA PO3OUTH B
30HM KOKHA 3 SIKUX MaTHMe KOPJIOH TiJIbKHU 3 TPbOMa iHIIMMH 30HaMH. [Ipy 1IboMy B KOXHiif 30HI MOXKHA NPU3HAYNTH YaCTOTH B
KUTBKOCTI OJHI€T YBEPTi BiJl KITBKOCTI JOCTYIHHX YaCTOT, sIKi HE MEPETHHAIOTHCS 3 YaCTOTAMHU, IPU3HAYCHUMH B CYMIKHI 30HH.
[ToGynoBaHno MaTeMaTHYHYy MOJENb 3aJadi Iepepo3Nolily pajiouacToT, 3 ypaxyBaHHSIM perjlaMeHTiB 1 reorpadidHoro
pO3TallyBaHHs MiIpO3iTiB. AJTOPUTM peatizallii J03BOJIsIE BPaXOBYBATH ICTOPIIO PO3IMOILTY YacTOT MO 30HAM, IO JO3BOJISE
MTOBHICTIO OHOBHUTH BHKOPHCTOBYBaHI palioyacTOTH IO HOBOTO TEPMiHY ekciuryararii. CKIaneHo mporpaMHHN MOIYJb, SKHA
reHepye 4acTOTH BHIIQJKOBUM YMHOM 3 YHCNA JOCTYIHHX Ul MPU3HAYECHHS KOPIIOPATHBHOIO KOPUCTYBAHHS MO KOXKHIH 30HI.
[IporpaMHMii MOIYIb JO3BOJISE IIBHKE Ta YaCTe MEPEPO3MOALT YaCTOT IO 30HaM, THM CaMHM 3abe3reuye Oe3reKky, HaliiHiCcTh 1
CTIMKICTB 3B'SI3Ky MK MiIPO3IiNaMu opraHi3arii.

Kaw4doBi ciroBa: mepepo3nois paxioyacToT; pagiodacTOTHUI CHEKTP; Aiala30H pafioyacToT; alfOPUTM; reorpadidne
po3TalryBaHHs; CyMiXHi 30HH.

3anaua nepepacnpeaeJeHHs: paIHO4acToT,
HCMOJIB3YeMBIX B MOJIPa3ieJeHHAX IKCILTyaTAUU

A. B. [1amaes, D. H. Ca63ues, A. I'. 'acanos

AHHoTanmmusi. B pabore paccmaTpuBaeTcsi 3ajaya paclpesiefieHds paafoyvacToT, C Y4YETOM pErjiaMeHTOB H
reorpapUIecKoro pacloNOKeHUs TOApa3feNeHnil skciuryararmu. MccrenoBana 3amada Ha3sHA4eHHs PaguodacToOT M3 UHCIA
3aIaHHBIX JUIl KOPIIOPaTUBHOTO IOJIB30BaHMS. [IpuMeHeHHeM KOH(OPMHOTO OTOOpakeHHSI OBLIO 0OOCHOBAHO, YTO JIOOYIO
TEPPUTOPHIO MOXKHO Pa3OHUTh B 30HBI KaXast U3 KOTOPBIX OyJeT UMETh I'PaHUIly TOJIBKO C TPeMs JpYruMH 30HamH. [Ipu 3ToM B
Ka)KI0H 30He MOXXHO Ha3HAYUTh JACTOTHI B KOJIMUECTBE OJHON YETBEPTH M3 OOIIEro KOJIMYECTBA JOCTYITHBIX YaCTOT, KOTOPEIE He
NEPECEeKAIOTCs ¢ YaCTOTaMU, Ha3HAYEHHBIMH B CMEXHbIe 30HbL. IlocTpoeHa MaTeMaTudecKkas MOJIEIIb 3a1a4 IIepepacupeeIeHus
pamroyacToT, ¢ y4eTOM PerjliaMeHTOB U reorpad)uueckoro pacrooKeHUs MOoApa3AeieHnil. AITOPUTM pealn3aliy MO3BOJSET
YYUTBIBATH MCTOPHIO PACIIPEACIICHNsI YaCTOT MO 30HaM, YTO IMO3BOJISIET MOJHOCTHIO OOHOBHUTH HCIOJIb3yEeMbIe PaJn04acTOThl K
HOBOMY CPOKY dKcIuTyaTauu. CocTaBieH NporpaMMHBINH MOAYIIb, KOTOPBIM FeHepUpyeT 4acTOThI CIy4aitHBIM 00pa3oM U3 yucia
JOCTYIHBIX Ul Ha3HAUYEHHs KOPIOPATHUBHOIO IMOJb30BaHMS MO KaxJIoW 30He. IIporpamMMHBINH MOAyIbh MO3BONIAET OBICTPOE U
4acToe IepepaclpesiefieHle 4acToT II0 30HaM, TeM CaMbIM O0eclieunBaeT 0e30IacHOCTh, HAaAEXKHOCTh U YCTOHYMBOCTH CBS3U
MEXIY OApa3Ie/IeHUAMU OpraHUu3alHu.

KiamoueBsble ciioBa: nepepacnpeseieHue paJuodacToT; PaJlO4acTOTHBII CIEKTP; ANMANa30H PAJANOYacToT; aIrOPUTM;
reorpa)M4eckoe pacroIoKeHHE; CMEKHBIC 30HbI.
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