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GENERALIZED INDICATOR
OF THE EFFECTIVENESS EVALUATION
OF MILITARY RADIOCOMMUNICATION SYSTEMS

Modern military radiocommunication systems are working in the difficult conditions due to the shortage of radio
frequency resources, limited computing resources and the influence of the enemy radio-electronic suppression devices.
One of the ways to increase the noise immunity of military radiocommunication systems is to develop effective
indicators, algorithms and methods for assessing the state of military radiocommunication systems. Nowadays, a large
number of indicators for evaluating their effectiveness have been developed to evaluate military radiosystems, but their
application is due to a number of limitations, that indicators with high precision are generally not used due to their high
computational complexity, and those indicators having an acceptable computational complexity have low accuracy of
evaluation. Therefore, in order to increase the protection of the security of military radio communication systems in the
article, the authors developed a generalized indicator of the evaluation of the effectiveness of military
radiocommunication systems. During the research, the authors of the article used the basic provisions of the theory of
communication, mathematical statistics, management theory and the theory of tampering. The generalized indicator of
the evaluation of the effectiveness of military radiocommunication systems developed in the work, allows to increase
the noise immunity of military radiocommunication systems by increasing the speed of their state assessment. The
carried out estimation of efficiency of the developed indicator allows to assert about its raising on 15-22% efficiency in
comparison with classical indices of power and spectral efficiency of systems of military radio communication. The
practical significance of the research is the possibility of using the proposed generalized indicator of the evaluation of
effectiveness in developing new and modernizing existing military radiocommunication facilities (radio monitoring
centers).
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Introduction

While designing adaptive military radio systems,
depending on their purpose, the task of optimizing one
of the indicators of efficiency under the established
restrictions to other.

The development and implementation of adaptive
methods of information exchange requires the
establishment of effective procedures for monitoring
and forecasting the state of the radio communication
system.

To solve this problem, it is necessary to involve
methods of modern mathematical statistics, in
particular, to check statistical hypotheses in relation to
indicators (groups of indicators), that characterize the
state of the radio communication system.

To evaluate radio communication systems, many
indicators have developed for evaluating their
effectiveness, but their application is made due to a
number of limitations:

indicators with high precision are generally not
used due to their high computational complexity;

indicators ~ with  acceptable = computational
complexity have poor accuracy.

This research is dedicated to the decision of the
mentioned compromise.

Proceeding from the foregoing, the purpose of
this article is to develop a generalized indicator of the
evaluation of the effectiveness of military
radiocommunication systems.

Presentation of the main material

In the theory of communication networks issues of
assessing the effectiveness of the establishment and
operation of communication networks has always been
a great importance.

Undoubtedly, the improvement and development
of communication networks and network technologies
are conditioned not only by the growth of user necessity
of communication services, but also by the growth of
quality service requirements, as well as the desire to
increase their efficiency. Nowadays, a variety of
approaches to the selection of indicators, used to assess
communication networks.

The channel bandwidth utilization rate is proposed
to estimate the information efficiency of a one-channel
communication system and to determine the channel
utilization rate coefficient #, which is defined as the
ratio of the transmission rate of V' to the bandwidth of
the communication channel C:m=V/C [5]. This
parameter is proposed to be used to evaluate the
information  efficiency of the  multichannel
communication system. It's main disadvantage is that it
does not give a complete description of the channels of
communication with memory, since it determines only
it's high-speed characteristics.

The parameter proposed in [6] is used only to
evaluate the packet switching network. It determines the
total speed of sending messages to users. It is
considered, that it is like the performance of the
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communication network P. This indicator does not
reveal all the properties of the data transmission process
in the communication network, but only determines the
speed of data transmission by the communication
system. It is not generalized, since it does not take into
account the dynamic properties of the communication
network, characterized by a delay in the transmission of
information within it and the accuracy of data
transmission.

The power factor of the communication network
was introduced in [7, 8] for use in controlling the flow
in the communication network and connects the

bandwidth y(’) and the average network latency 7, by
the ratio:

where A — the input speed of data packets into the
network;

y=7(A) — traffic transmitted by the network;

T — avarage time delay.
The maximum traffic y,, that can be transmitted

by the network is the bandwidth. The imbalance of
communication network productivity and the average
time delay 7 is achieved at the operating point

*
3F="Yo 5 >
which provides the maximum value of power P. This
indicator does not fully reveal the properties of the data
transmission process in the communication network, but
only determines the speed of data transmission by the
communication system and the average delivery time. It
is not generalized, since it does not take into account the
properties of the noise immunity of the communication
network, characterized by the accuracy of data
transmission.

The indicator of the cybernetic power of the
communication network is proposed for assessing it's
information capabilities [8] and obtained by multiplying
the number of N messages contained in the
communication system in the process of storage and
transmission within the system to the performance of
the communications network G, averaged for a given
interval of time”

T:KW =N'G|T .

If the parameter is considered as a guaranteed
message transmission time, N determines the maximum
number of messages, that may be in the communication
network. The KW indicator allows you to evaluate the
limitations of the communication network with the
transfer of user traffic, reflecting it's storage properties
in the process of transmission, routing and performance.

The KW cybernetic power parameter will be
used to evaluate the information efficiency of the
communication  systems by  comparing its
performance with the limitations of message
transmission. However, an indirect assessment of the
main indicator of the data transmission process - the

average delivery time and does not take into account
the properties of the noise immunity of the radio
communication system, which is characterized by the
accuracy of data transmission.

Taking into account the analysis carried out, it is
suggested to use the indicator of the estimation of the
efficiency of the communication network a generalized
indicator, which 1is the volume of the radio
communication system W, which is determined in the
metric space F by partial performance performance
indicators, such as performance P, velocity V, and
accuracy of information transmission 7.

The accuracy of 7 is numerically equal to the
number of messages taken per unit time without taking
into account missed messages, lost packets in the
network, and also packets not delivered, that is

T=1I-All,

where AT is the total number of messages that are not
delivered accurately and measured by messages/second.

The class of performance indicators is highlighted
on the basis of the classification of network indicators
[10], according to which the main classes of
communication network indicators are defined, such as:

class 4 - network quality performance indicators,

class B - class of performance stability indicators;
class E - class of indicators efficiency.

In separate classes, indicators are determined, that
determine the values of quality indicators functioning of
the communication network - class C; performance
indicators, that determine the stability of performance
indicators - Class D:

Performance indicators, that affect performance -
Class F.

In this case, the class A4 includes performance P,
speed ¥ and accuracy of information transfer 7, which is
in accordance with the provisions of recommendation
MCD 1.350.

These performance indicators are interrelated, and
the value of one or two of them is not enough to
evaluate the network.

The space of the quality performance indicators F'
is metric: for some system of its subsets, a mapping is
introduced

W:.:H,;—>R

such that, where W, is the non-negative accountable

additive function, that determines the volume in
(messages/sec)’ and represents the measure in the
network of network performance indicators.

Each pair

H H e ®

ci»
is associated with a real number
P ( Hej H ) ’

representing the distance between elements of space
satisfying the conditions of the measure theory.

The probability of timely delivery Q is an integral
indicator of the quality of functioning and characterizes
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the performance of the communication system (average
flow intensity served Ag,..; for a given average

intensity of the input stream A;,c4,ing )» When providing

user requirements time
transmission.

The performance indicators are components of the

over and accuracy of

vector F'in space R’. The process of functioning
-1
@ = (H’ Tavailability > T)

of the communication system and any of the elements
can take place only within the limits of their loading
abilities

H

c

=11

max >

Vinax » 1

max >~ max °
thus
DdcH,.

The space F is metric: for some system of its
subsets, a mapping is introduced

such that
W, = [T, -

a measure, that represents the volume of the network.

The load capacity exists for any element of the
communication network, its sites and the network as
whole. It can be calculated analytically, obtained
experimentally by measuring or collecting and
processing statistical data.

Indicators with one sense, entering into the
network and coming out of the network messages
streams are the intensity of the flow, the intensity of
aging and authenticity.

Construction of the metric space allows us to
calculate the efficiency of the communication system
and on its basis conduct an objective comparative
analysis of communication networks and their
elements.We will evaluate the effectiveness of the
developed generalized indicator. This indicator was
compared with the energy efficiency of military
radiocommunication systems and the frequency
effectiveness of military radio communication systems

W:H, >R, (Fig. 1).
6-
54 O Energy efficiency
4 OFrequency
efficiency
31 @ Developed
indicator
2
1
0
Main characteristics
Fig. 1. Comparative analysis of the effectiveness
of the proposed indicator with known indicators
Comparative  analysis  suggests, that the established, that this indicator allows obtaining a

proposed generalized indicator of the effectiveness of
military radio communication systems can get a
winning of 15-22% depending on the signal-
interference situation.

Conclusion from this explosion

In the course of the research, a generalized
indicator of the effectiveness of  military
radiocommunication systems was developed.

An assessment of effectiveness of the developed
indicator with the known indicators, during which it was

generalized assessment of the state of the military
radiocommunication system, which is a logical
generalization of the energy and frequency effectiveness
of the evaluation of military radiocommunication
systems.

The gain from the application of the proposed
indicator is estimated at 15-22%, depending on the
signal-interference situation.

Directions of further research will be directed at
the development of methods for increasing the noise
immunity of military radiocommunication systems.
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Y3aranpHeHn# NOKa3HUK OLIHKH e eKTHBHOCTI CHCTeM BiliCbKOBOI0 pafiosB’ 3Ky
M. M. Tropuikos, A. B. lumanpkuii, C. A. Muxycs, A. O. MinieHko

CyudacHi cHuCTeMM BiICBKOBOrO pajio3B’s3Ky (QYHKIIOHYIOTh B CKJI3JHMX YMOBaX, IO OOYMOBJIEHO aediuuToMm
PazioyacToTHOro pecypcy, OOMEKEHHMH OOYUCIIOBAIBHUMH PECYPCaMH Ta BIUIMBOM 3aC00iB PaiOeIeKTPOHHOIO MO/IaBICHHS
cynporuBHUKa. OJHUM 31 NUIAXIB IMiJABUIICHHS 3aBaJ03aXUIIEHOCT] BIMICBKOBHX CHCTEM Daio3B’A3Ky € po3poOka e(eKTHBHUX
MOKa3HKKIB, aJITOPUTMIB, METO/IIB Ta METOJHK OLIHIOBAHHS CTaHy CHCTEM BIHCHKOBOro pazio3B’s3Ky. Ha manuit yac myist omiHKH
CHCTEM BiIICHKOBOT0 Pajlio3B’A3Ky po3po0ieHo Oe31id MOKa3HUKIB OL[HKH iX e()eKTUBHOCTI, IpoTe iX 3acTOCyBaHHS 00YMOBJIEHO
psiIoM OOMEXEHb, SIKa IOJATaE B TOMY, L0 IOKAa3HHUKH, IO MAIOTh BHCOKY TOYHICTh K IIPAaBHIO HE BUKOPHCTOBYIOTHCS B
3B’SI3Ky 3 BHCOKOIO IX OOYHCIIOBAJIBHOIO CKIIAJHICTIO, @ Ti MOKA3HHMKH, IO MAalOTh NPUHHATHY OOYHCIIIOBAIBHY CKIIAJHICTh
MalOTh HU3bKY TOYHICTb OLIHIOBAaHHS. TOMY 3 METOMO MiABHIIECHHS 3aBaJO03aXUILEHOCTI CHCTEM BiHCHKOBOIO Pajio3B’si3Ky B
3a3HAueHiN CTaTTi aBTOpaMH MPOBEAEHO PO3pOOKYy y3arajlbHEHOro ITOKAa3HHKa OLIHKH e(EeKTHBHOCTI CHCTEM BIHCHKOBOI'O
panio3s’s3ky. Ilig yac MpoBeNEHHS MOCHIIKEHHS aBTOpAMH CTarTi OyaM BUKOPHUCTaHI OCHOBHI IOJIOXKCHHS TEopii 3B 3Ky,
MaTeMaTHYHOI CTaTHCTUKH, TeOpii yNnpaBiliHHA Ta Teopii 3aBajo3axuileHocTi. Po3pobieHuit B poOoTi y3aranbHeHHI IOKa3HUK
OLIHKH €(QEeKTUBHOCTI CHCTEM BIICBKOBOTO pajaio3B’sI3Ky JO3BOJISIE IIJBHUIIUTH 3aBa/I03aXMINEHICTh CHCTEM BiHCHKOBOI'O
panio3B’si3Ky 3a paxyHOK 30UIBIIEHHS IMIBUIKOCTI OLIHIOBAaHHS iX craHy. [IpoBeneHa owiHka eeKTHBHOCTI PO3pOOJIEHOro
MOKA3HHKA JI03BOJISIE CTBEPJVUKYBATH IPO Horo miaBuiieHy Ha 15-22 % eeKTUBHICTb Yy NOPIBHSAHHI 3 KIACHYHUMH [TOKa3HUKaMU
€HEPreTHYHOi Ta CIEKTPaJbHOi e(PEKTUBHOCTI CHCTEM BiiiCbKOBOro pasio3s’si3Ky. IIpakTH4yHa 3HAUMMICTH HPOBEIECHOrO
JIOCHIIZKEHHS NOJISTa€ Y MOXJIMBOCTI BUKOPHCTAHHS 3aIIPOIIOHOBAHOI0 Y3arajlbHEHOr0 OKa3HUKA OLIHKK e()eKTUBHOCTI ijl 4ac
PO3pOOKH HOBUX Ta MOJICpHi3allil iCHYIOUHX 3aC00iB BiiiCbKOBOT0O pajio3B’s13Ky (LIEHTPaX pajiiOMOHITOPHHTY).

Kawo4yoBi cioBa: 3aBajo3axMINCHICTh; OLIHKA; CHCTEMa palio3B’s3Ky; pPaliOeieKTPOHHE IIOABJICHHS; 3aco0H
paniosB’s3Ky.

O0001eHHBII MOKa3aTeIb OLeHKHU 3((eKTHBHOCTH CHCTEM BOCHHOI0 PaIHOCBA3U
M. H. Tropuukos, A. B. Illnmanxuii, C. A. Mukycs, A. A. Muiesko

CoBpeMeHHbIE CUCTEMBI BOCHHOI pajinoCBs3N (YHKIMOHUPYIOT B CIOXKHBIX YCIIOBHUSX, YTO OOYCIOBIEHO AE(PUIMTOM
panrovYacTOTHOTO pecypca, OrpaHWYEeHHBIMU BBIYUCIHTEIEHBIME PECypcaMy W BO3ACHCTBHEM CPEJICTB PaMOIEKTPOHHOTO
MOJaBJIeHUs] NPOTUBHKUKA. OIHUM W3 ITyTeH IMOBBIICHUS ITOMEXO3AIIUIIEHHOCTH BOSHHBIX CHCTEM pAJHOCBS3U SIBISETCS
pa3paborka 3 (EeKTHBHBIX TOKa3aTelel, alrOpUTMOB, METOJIOB U METOJIUK OIIEHKH COCTOSHHSI CUCTEM BOSHHOM PaHOCBSI3H.
B Hacrosimee BpeMsi It OLEHKM CHCTEM BOCHHOM paJHMOCBS3HM pa3paboTaHO MHOXKECTBO IIOKa3aTeled OIEeHKH
3 PEKTUBHOCTH, OJHAKO HX HpPHUMEHEHHEe OOYCIIOBIICHO PSIOM OrpaHHYSHHH, 3aKITIOYAIOIIMecs B TOM, YTO IIOKa3aTely,
KOTOpBIE HMEIOT BBICOKYIO TOYHOCTh OOBIYHO HE HCIONB3YIOTCS B CBS3M C BBICOKOI MX BBIYHCIUTEIBHOH CIIOXKHOCTBIO, a T
MIOKA3aTelM, UMEIOIIe PHUEMIIEMYIO BEIYMCIUTEIBFHYIO CIIOKHOCTh, HMEIOT HU3KYIO TOYHOCTh OLCHKH. [lo3TOMYy € menbio
MIOBBIIICHUS TTOMEXO03aIIUIIEHHOCTH CHCTEM BOCHHOW pAJMOCBSA3HM B YKa3aHHOW CTaThe aBTOpaMH MpOBeJcHa pa3paboTka
0000111eHHOr0 ToKa3aTelst OLEeHKH 3((EKTHBHOCTH CHCTEM BOEHHOW paanocBs3u. Bo Bpems NpoBeNeHHs HCCICIOBaHUS
aBTOpaMH OBUIM MCIIOJIB30BaHBI OCHOBHBIE ITOJIOKEHUSI TEOPUH CBS3H, MaTEMAaTHYECKON CTATHCTHKH, TEOPUH YIIPAaBICHHUS U
TEOpHH TOMeXo3aIuIEHHOCcTH. Pa3zpaboraHHbeli B pabore 00OOIIEHHBIH MOKa3aTelb OHEHKH 3(P(EeKTHBHOCTH cHCTEM
BOCHHOM PaJMOCBS3M II03BOJISIET IIOBBICHTH ITOMEXO3AIIUIICHHOCTh CHCTEM BOSHHOM pAIHMOCBA3HM 3a CUET YBEIHYCHUS
CKOPOCTH OLIEHKH X cocTosiHMA. [IpoBeneHHas oneHka 3pQeKTHBHOCTH pa3pabOTaHHOIO ITOKa3aTells MO3BOJISIET YTBEPIKAATh
0 ero mHoBbIIEHHOH Ha 15-22% »(QQEeKTUBHOCTH MO CPaBHEHHWIO C TPAAUIMOHHBIMU IOKa3aTEIsIMA JHEPreTHYecKOd W
CHEKTPAIbHOH 3P (PEKTUBHOCTH CHUCTEM BOCHHOHM pamuocBs3u. [IpakThueckas 3HAYMMOCTH IPOBEACHHOTO HCCIIEIOBAHUS
3aKJII0YaeTCsl B BO3MOXKHOCTH HCITOJIB30BAaHUSI IPEUIOKEHHOr0 OOOOIIEHHOr0 IMOKa3zaTelsl OLEHKH 3(PQEeKTUBHOCTH NHpHU
pa3paboTke HOBBIX U MOJIEPHHU3AIMH CYIECTBYIONINX CPEJCTB BOCHHOH paguocBs3u (LIEHTpax paIlOMOHUTOPHHTA).

KamoueBblie caoBa: TIOMEXO03alIUIICHHOCTD; OLICHKA; CUCTEMA PaJUOCBA3H; PAAUODJICKTPOHHOC ITOAABJIICHUE,; CPCACTBA
panuocCBA3U.
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