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Y cmammi 3anpononosano memoo ynpasninHs paodioss s3HICMIO Y3716 MOOLIbHUX pAOdioMepedC HA OCHOGI
KOMNJIEKCHO20 3ACTNOCYBAHHS HeYimKOI 102iKu ma mexHoaoeii inmenexmyanohux azenmis. Cymob Memooy noasicace
iHmeepayii yHKyill NPUKIAOHO20, Mepedce8020 ma PizuurHozo pisHie moodeni OSI 0 niompumanus padio3e sizHOCmI
Midic MOOIIbHUMU 8Yy31aMu 8 npoyeci nepeoaui ingopmayii. B ymoeax 6ucokoi OuHaMiKu 3MIiHU MONONO2IL, SKI
xapaxmepni padiomepexcam xkracy MANET, ye 0ozeonums He nuuie NiOSUUMU UMOSBIPHICIb YCHIWHO20 NPULIOMY
nakemis, ane i CKOpOmMumuy enep2emuyni ma yacosi BUMpamu Ha ix nepeoavy.

Pomanwk B.A., Cosa O.A., Cumonenko A.A., Canvnux C.B. Memoo ynpaenenus paouoceasnocmauio y3ioe m
obunvneix paouocemen knacca MANET. B cmamve npeonoodcen memod ynpasnenus paduocesHocmvio Y3i08
MOOUNLHBIX paduocemell HA OCHOBE KOMNIEKCHO20 NPUMEHEHUsl HeYemKOU TOSUKU U MEXHON02UU UHMENIeKMY albHbIX
azenmog. Cymb Memooa 3axiouaemcsi 6 UHmezpayuu QYHKYui npuKkiaoHo2o, Cemesozo U Quuueckozo yposHeu
moodenu OSI 0ns noddepoicanust paouocesHoOCmu Mexucoy MOOUbHBIMU V3IAMU 8 npoyecce nepedadu ungopmayuu. B
VCNIOBUSIX BbICOKOU OUHAMUKU UBMEHEHUs MONOoJo2ul, Komopwvle xapakmephvl paouocemsm kiacca MANET, smo
NO360AUM He MOIbKO NOBbICUMb GEPOSIMHOCHb YCHEUWHO20 npuemMa NAKemos, HO U COKPAmumb dHep2emuyeckue u
BDeMEHHbIE 3amPambl Ha UX nNepeoayy.

V. Romanyuk, O. Sova, O. Symonenko., S. Salnyk Method of nodes radioconnectivity control in the mobile
radio networks (MANET). The method of nodes radioconnectivity control in the mobile radio networks based on
integrated using of fuzzy logic and intelligent agent technologies is proposed in the article. The method consists in
functions integration of application, network and physical OSI levels to support radioconnectivity between mobile
nodes in the time of information transmission. In highly dynamic topology changes conditions, which is characterific
for the MANET, it will allow not only to increase the probability of successful packets reception, but also to reduce
energy and time for their transfer.
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Relevance of the research. Combat units management in modern military operations requires
a full informativenes of officials regards to the situation on the battlefield at any given time.
Collection, processing and responsiveness of such an information in the tactical command and
control link are possible only through the use of the modern radio communication networks that can
provide "anywhere anytime" principle of communication. Examples of such networks are the
mobile radio networks (MRN) of MANET class (Mobile Ad-Hoc Network) [1], the main feature
operation of which — the all nodes mobility and the ability to organize themselves in the radio
network without advance expanded network infrastructure under uncertainty (the reliable
information about the situation on the battlefield is absent). Another feature operation of MRN is
that almost every node running on battery power, limited capacity of which affects directly on a
"lifetime™ of mobile node and therefore on its ability to take part in the reception and data
transmission [2].

In MRN the data transmission between transmitter and addressee (addressees) can be carried
out both directly and by intermediate nodes retransmission. The main condition for successful
reception and data transmission between any two nodes is a radio connectivity presence between
them. Due to the full mobility of MRN elements (both nodes and base stations) the radio
connectivity between mobile nodes is possible both by controlling the transmitter power and by
choosing the optimal routes of transmission between transmitter and addressee nodes. Thus, both of
the cases adduct a current task, which is to choose such a control solutions that can provide data
transmission in MRN with a given quality of service and also can minimize energy source of mobile
nodes. Given the conditions of uncertainty which characterize the functioning of MRN and
unpredictable tactical situation (nodes physical destruction, impact of the radio electric suppression,
variations of nodes speed and directions of transfer in each moment). This task can be solved by
comprehensive using of fuzzy logic and technologies of intelligent agents.
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Accordingly, the purpose of the article is to develop a method of nodes radioconnectivity
control in the mobile radio networks of MANET class. The object of the research is the data
transmission in MRN. The subject of the research is a method of mobile nodes radioconnectivity
providing.

The analysis of the subject area. As noted above, according to the MRN topology, that is
defined of organizational structure of combat forces in a tactical link of command and control
(Fig. 1), the data transmission between transmitter and addressee (addressees) can be carried out
both directly and by intermediate nodes retransmission using predefined routes (or route) of
transmission [3]. However, in any case, the MRN successful transmission between two nodes can
occur only if radioconnectivity presences between them. Lack or loss of radioconnectivity during a
data transmission lead to inability of communication between nodes or break the existing
transmission route. In the first case it can directly affects the quality of combat forces management
due to inability to deliver management commands to individual combat units. In the second case — it
will negative affects the quality of data transmission because of the delays, that associated with a
necessary to find out new routes between transmitter and addressee.

— T —
Section 1

Platoon 2

‘‘‘‘‘
-

Platoon 1

Bection 2

Fig. 1. Radioconnectivity mobile nodes of the mobile radio networks (section—platoon)

Radioconnectivity Z, — the mutual location of transmitter node i and addressee node j in
each other radiovisibility zone (Fig. 2), that ensures the specified service quality (QoS) of &~ traffic
type. In general, the physical layer of the OSI model the service quality of each traffic type & =1, 3
(data, speech, video) determined by acceptable value probability of erroneous reception of
information bits BER, (Bit Error Rate) [4], that is assessed on the statistical data. However, due to
the dynamic nature of the MRN functioning and a high MRN rate of radio settings change assume —

the decisions about quality of traffic service will be taken by node SU based on the current values of
the signal / noise (SINR ) at the receiver input (error rate [5]):

BER, = f(SINR,), L)
that is determined by
p.G.
SINR, = ————"—, (2)
' kz PGy +3,
#]
G, =k,Fd;*, 3)
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i, j,ke N — MRN area nodes; p; — i-node transmission power; G; — attenuation value between
nodes i—j; k, — antennas characteristics coefficient; F - attenuation factor; d; - distance
between nodes i- j; a=2..4 — degree of power loss, depending on radio wave propagation

conditions; 3; — noise power spectral density in the receiver passband.
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Fig. 2. Radioconnectivity between two nodes in MRN

Herewith, to avoid transmission interruptions associated with a sharp decrease of SINR when
receiving (through the increasing noise in a radio channel or through the fading signal, etc.), it is
necessary that the following conditions are fulfilled:

SI NRij Z SI NRaIIowabIe ’ (4)

pS - pI’S 2 pes’ (5)

where SINR — defined by specific model and mobile node transceiver parameters; p, — real

receiver sensitivity; p

allowable

— energy supply. Requires coefficient p,, shows that node needs time for

es

transmitter power decision in a case of sharp changes of signal reception p., which depends on

mobile nodes speed and radio wave propagation conditions.

The main reasons for radioconnectivity loss between MRN nodes may be: mobile node
destruction, node battery discharging and node output out of mutual radiovisibility zone. However,
as noted above, two last reasons are directly dependent on a mobile node data transmission power ,
but they have different physical nature: increasing of nodes transmit power leads to increase the
probability of successful packets reception, but requires more energy of batteries and creates a high
mutual interferences that causes a sharp decrease of radio network bandwidth capabilities.

In fixed wireless telecommunication networks (GSM, CDMA, 802.11 standards), where the
mobile are only subscribers and transmission routes between them are built through a fixed
telecommunication network, the node radioconnectivity control with a base station is carried out by
changing the transmission power pj; (t). RSSI index (Eng. Received Signal Strength Indication)
determines a reception signal level [6]: if RSSI is low — the transmitter signal has to be powerup and
vice versa. For example, in cellular networks with a code division the power control is performed
by the following iterative rule [7]:

_ SINR .,
p; (1) = pij?p'i?max[—SINR” - pjj (t —1)} : (6)

From the rule (6) we can see, that fixed wireless network nodes select the minimum power
only through the formula SINRattowabe SINR, (t—1)° In other words, if the signal level exceeds the
ij

threshold, the transmission power decreases and vice versa. At that — transmitter node work at a
minimum level let to minimizes a battery capacity (although this figure is not taken into a
transmission power control) and to reduce mutual interference in a wireless network.

However, the main difference MRN from cellular networks is a lack of base stations and, as a
result, fixed transmission routes between transmitter and addressee nodes, that makes the routing
problem one of the main in MRN engineering. Also, as noted above, the full node battery capacity
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flow, that is used in a tactical wireless network, can lead not only to the inability to receive and
transmit an information by the given node, but also to the inability to use this node as a
retransmitter. This, in its turn, can lead to MRN essential topological modifications, that can affect
negatively to the quality of data transmission in MRN and management of combat units in general.
Above said aspects, MRN need new approaches to providing nodes radioconnectivity. One of
them — is finding and using the optimized route of transmission between transmitter and addressee,
that, together with the control of transmission power, will not only increase the probability of
successful packets reception (by increasing SINR), but also reduce their energy and time costs for
transfer [8]. This is because of the dependence of the necessary transmission power from a distance
is not linear, so a several ,,short” intervals route, consumes less power than a ,,long” intervals route

- P; > Py + Py, but transmission packet delay will be greater along such a route t; <t +t, (fig. 3).
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Fig. 3. Example of network construction

For this in MRN usage routing protocols [2] as a cost metric of the route, except of packets
time difference, a minimum power transmission level is proposed for usage between i and j nodes

and for providing a given value of bit error probability of (1), also an index, that displays the status
of a node battery at present sampling time e/ (t) , and also a priority (importance) of the information

Hai,- , transmitted in the radio channel.

Task description of scientific research. Due to the inability to collect a real-time
information about whole MRN status we will consider a dataflow routing process in the information
line a — b, that consists of tail-end a and b nodes (transmitter and addressee), and also a good
number of nodes that form transmitting channels between a and b.

MRN preset parameters: network is a flow graph G = (v, E), where v ={,}, i=1, N —a number
of nodes in random allocation, each of which has an ID number, and E={, }, 1=1,L — a number of
radio channels between mobile nodes (symmetrical, half-duplex). N — MRN nodes total number.
Each node is equipped with a battery and its capacity at any specific time t can not be higher than
some maximum value e’(t)<e’... MRN nodes can change a transmitter power according to the

Imax *

situation p; (t) < pima - Also, each mobile node receiver is characterized by a usable sensitivity p,,

which determines the minimum signal strength p_, that node can receive. Each mobile node has an

intelligent control system (ICS), that consists of a variety of subsystems, that have functions of
node and network resources control according to the OSI model levels [9]. In [10] for node ICS
subsystems construction we are proposed to use a knowledge processing technology and intelligent
agents (IA) technology that can allow ICS to take control decisions under uncompleteness and
ambiguity of informationand about MRN. Addressees number in each session — is one (single—user
transmission); m ab — route between node—transmitter v, and node—addressee v, , that consists of h

intervals of retransmitting (h=1, N -1); route between transmitter and addressee is according to the
OLSR [11] protocol, that gives information to the node-transmitter about neighbor nodes v, , that

are on the one or two intervals of retranslations .

Admission: According to the organizational structure of units in command tactical level, the
smallest MRN area, that needs a fixed coupler between nodes, is a variety of section or platoon
nodes (Fig. 1), that is N <10. From Fig. 1, in area (section) the connection between mobile nodes is
direct or with a routes construction by using a minimum amount of retranslations (up to three).
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Given that each node has information about neighbor units, decentralized principle MRN
management and dynamic nature of their service (frequent MRN topology changes are caused all
nodes mobility), and we can conclude that the radioconnectivity is better to be considered
separately between each pair of nodes that forms h interval, but not on the whole transmission
route m,, .

Simplifying a good number of parameters, that determine the state of node and MRN, we
mark as X ={x, (1)}, b=1, B.

The variety of requirements to radioconnectivity control methods {Bq} = {B1, B2, Bs}:
operation in a decentralized management; minimum loading of network with service information;
interoperability with different layers of OSI model.

Necessary: to synthes the method of nodes radioconnectivity control in the MRN, that will
consider the situation X (t) ={x,(®} b=1 B, in MRN (or its area), will allow for such administrative

decisions on the physical Ut and network U () OSI model layers and will satisfy a system
objective function

U')=arg opt YOX®),Uut)U, 1), VZ;=LijeN,i=]j, (7)
Uy (.U, () @
where
Y(©) =POUM®); (8)
X(0)=1{py (0, P.(), Py, BER; (0 My, 7 (1), £0.TT, |, 9)

and allow to minimize the energy resource costs of mobile nodes and provide a given quality of &—
type traffic service on transmission route m,, with resource limit

Q:{pij < Pimax pc, (t) 2 ppq, ' BERgiJ (t) SBERaon/;' eilj? min <ei6 Seiﬁmax}' (10)
where U, (t) — variety of control decisions of SU node at the physical layer of OSI model for
choosing the optimal values of transmitted power P(t) ={p; ()}, i,j=1 N in radio channel ij; U (t)

— variety of control decisions at the network service layer of OSI model for choosing the optimal
transmission routes M (t) ={m,, (t)}, a,b =1, N between transmitter node v, and addressee node v, or

interconnection node v; and v, in route m,,; e/ . — the minimum battery capacity, reguired for

volume of traffic flow transmission, that is defined in the current connection (for pulsing/random
traffic, such as speech or video in real time, is defined by minimum allowed battery capacity e’

ij min 1

that required for the node operation); H&ij — priority of § traffic type in channelij .

The new method of nodes radioconnectivity control in the MRN. Given above analysis of
possible ways of improving the control effectiveness of radioconnectivity of MRN nodes, a new
method of nodes radioconnectivity control in the MRN can be proposed. The principle of a new
method is in the decision for finding new routes, that based on a predictive lifetime of the current
route, that is calculated by the parameter of residual capacitance of nodal batteries, maximum power
of transmitter signal of addressee—node, valued BER% .

The choice of these parameters as criterias of providing radioconnectivity, is determines that
each MRN node is powered by batteries, that is why its capacity defines a node ,lifetime” in a
transmission direction and each node has a maximum capacity of signal transmission p;,, - After
that, cost estimates of capacity of nodal battery will allow to account a node energy needs, that
coupled with the reception and data transmission and service processing by nodal processor and
also predict a node "lifetime™ in transmission direction, that will allow to build new routes forehand,
except nodes, that have a low residual capacitance of batteries.

The proposed nodes provides three main phases of operation (Fig. 4). The first phase is the

input data processing by information node v, about a network status in the direction a-b (Fig. 5).
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Fig. 4. Example of method of nodes radioconnectivity control at maximum transmitter power and high
values of the error index at the reception

For this, node v, calculates the values of the error index BER,,, .

With the ascending of BER., node v, sends a maintenance and control message to addressee
node v, .

In the second phase, on the basis of a receiving service information from addressee node Vv, to
transmitter node v, about increasing BER ., , the decision to increase transmitter power is concluded
(in the case of nodal resources). At the approach to the maximum transmitter signal p,,., or fast
(maximum transmitter power p,...) nodal battery discharge (in other words — near value ei? min )s

node v, starts to search for alternative routes of transmission.

1. Input data processing.

Retranslator @ \/
’, S~ao
’ S~
v

Transmitter @ _____________ ‘_@ Receiver

2. Increasing of transmitter power by node v,. 3. The transmitter coordinates the necessary to
At the approach of values to p or take another transmission route through the
. amax mediation node v, for radioconnectivity in the
eij min node Vv, starts to search for direction a-b.
alternative routes of transmission.

Fig. 5. Phases of the proposed method

In the third phase node v, connects to an alternative neighbor node, which is the optimized

among a variety of other nodes in the transmission direction a-b v, (a mediation node in the

direction of transmission).
Radioconnectivity, that is provided with it, has a high quality of service and minimum
transmission power p,..., that gives an energy conservation and increasing of lifetime T (t) of the

route m, - it’s a route between transmitter node v, and addressee node v,. After that

radioconnectivity in the direction is through a mediation node v, .
In a case of several mediation nodes for a route building, node v, can serve for and a

minimum nodal recources can be used for radioconnectivity with it.

According to the expressions (1) — (5) at the physical layer of OSI model a condition for a
successful data transmission between each node pairi — j in transmission route m_, (or two nodes
a and b) can be written in such a form:
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son — BER; (1) >0,

(11)

1, if BER
v 0, y than,

where Z; — radioconnectivity between nodes i and j (i,jeN, i#]); N — total number MRN

nodes or its area; BER,, (t) — particular error value for £ type of traffic at given time t; BER . —
permitted errror value for £ type of traffic.

As noted before, in a case of absence of line—of-sight coverage between transmitter and
addressee, radioconnectivity can be achieved by building transmission routes between them [3].

Taking into account the fact that while information transmission route, that consists of h,
h=1, N -1, intervals (retranslations), number of unfixed errors at each interval will be added
[5, 4], and we can rewrite the expression (11) as:
H
1, ifBER . = > BER" (t) > 0;
Zy = : ZI : (12)
0, y than,

where BER;1 (t), h=1 H - particular error value for & type of traffic at given time t between two

nodes on the transmission route, that are appropriated h interval of retranslation.
In general, at the physical layer, a dual node interconnection in data transmission can be
written with a following equation systems:

BER,, (t)= f(py (t), BER,, (t -1)
{pij (t)= Q(Ui (t) Pij (t _1)),

where p;(t), p;(t—1)e P(t) — transmitter node powers at a current and precedent time (t —1); BER;; (t)

(13)

and BER;, (t-1) — particular error value for & type of traffic at given time (t) and (t-1);

u, (t) €U, (t) —node i managerial solution to select a target value of transmitter power.

However, expressions (11) — (13) do not include the impact of node battery capacity and the
transmission path to ensure the possibility of radioconnectivity between nodes. Since these settings

X (t) ={x, ()}, b=1, B relate to different levels of model OSI (physical and network), then, according

to the proposed in [12, 13] Cross — tiered model of network architecture, interaction levels to ensure
radioconnectivity units in MRI can be represented by the following scheme (Fig. 6).

As seen from the figure, the information on the set of parameters comes to cross—level, which
acts as a database service information. Further processing of the information carried nodal ICS for
decision—making on the selection of transmitter power required value, which corresponds to the
current situation in MR, or change the existing route of transmission.

As with any ICS, ICS central node takes knowledge base (KB), which contains information
on the status of nodes and MR as a whole, as well as rules on the use of this information on the
implementation of control nodes and network resources.

Due to the inaccuracy and incompleteness of official information on the situation of
knowledge in MR, MR caused by the complexity of the system as a dynamic nature and functioning
of its elements, [10] the comprehensive application of fuzzy sets [14] and neural networks [15] to
build rules BRs.

The use of neuro-fuzzy systems provide nodal ICS such as learning, adaptation, accumulation
and systematization of knowledge about the situation in the marketing year.

In view of the objective function (7) decision making fuzzy system software for
radioconnectivity nodes can be represented as follows:

y = fy(xf, Xp,een x;) b=1, (14)
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where X~ =<xf, X eon x;> — the vector of fixed variables which act on the input node ICS; y" —the

value of output variable that displays the selected power level of the transmitter or the decision to
transition to new routes of transmission.

| (Application layer) Q
| (Presentatlon layer) Q (Application layer)
| (Session layer) Q
g i & £
Ey
| (Transport layer) Q | (Internetwork layer) | TCP, UDP, 1P |J]‘_':;_':_ :
-] Z
=
4 4 <)
I (Network layer) Q
e (Core Network layer) I'i]fl'.ll[:lt'
| (Data Link layer) Q
—
| (Physical layer) Q | (Physical layer) m

Fig. 6. Example interlevel interaction

Under the system of equations (13) and the objective function (7) as input variables neuro—
fuzzy system of radioconnectivity proposed to use the following options assessment unit and MR:

X1 = Pj (t—1) — meaning power transmitter node sender at the time;
X, = BER;, (t)- BER,, (t-1) — the difference between the probability of error for &-type traffic

identified node receiver (t) and (t —1) at times;
x3=ef, el ., <e <ef . — battery capacity unit—destination (or smart host to route m,, );

ij min j = ¥j max

x;={v,},keN - information about neighboring nodes, which in time (t) in the zone
radioconnectivity th node (Z, =1);

Xg =gy - priority traffic transmitted in the channel ij (high priority assigned to teams battle

management and real-time traffic, lower degree of priority — in traffic, which does not operate in
real time and requires guarantees of quality of service [12]).

The task of deciding on maintenance radioconnectivity units is that on the basis of
information on vector inputs X" to determine the output y" €Y . To solve this problem, a system of
fuzzy rules (SDA) type
R if x ey, TAx, ey, TA.TAx,eay,, Yed,, b=18), (1=1H), (n=1M), (15)
where a,,— m linguistic score (term) input variable x,, which is selected from the respective term
—sets; A; d, rating linguistic output variable y that is defined with the term — set of possible

solutions D:
Ay :{am, ab2|--'!abm}
D={d,, dy, .., dy}

Table 1 shows the basic fuzzy terms mentioned above term — set input and output linguistic
variables.

Fig. 7 shows the membership functions for input and output. As seen from the figure, in order
to maximize performance neuro—fuzzy system of radioconnectivity proposed to use parametric,
normal unimodal, triangular membership function [16].
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Table 1
Knowledge base of radioconnectivity neuro—fuzzy system

Loose

The value of linguistic terms

Note

XI — power
transmitter

all— low (L); af— below average (BA); af— average (A)
a; —above average (AV) a; - maximum (M)

X; — difference of
error probability

a; - negative; & —zero; @, — positive

Clear the values obtained
from the physical layer

X; — the residual

capacity of the
battery

a3- high aZ — medium a3 - low

XZ— neighboring
nodes

1 2 3
a, —no; a, —one; a,— more than one

Clear the values obtained
from the network layer

X; — priority traffic

afl)—high; a52 — average, a53—low

Clear previously set the
values obtained from the
application layer

y*— the decision to

provide
radioconnectivity

d* - to reduce transmitter power;

d’-to keep the transmitter power at the same level,

d - to increase transmitter power;

d*— move to a new route to the destination nodes;

d° - to initiate the search for new routes to the destination
node, the criterion min p, *;

d ® - continue the existing transmission route taking into
account the priority of traffic I1 g

d’- go to standby radioconnectivity with neighboring
nodes

Clear mentioned transmitter
power (the physical layer)
or decision on the choice of
alternative routes of
transmission (at the network
level)

* Note: Depending on the selected routing method can be used by other criteria (metric) of the route search, for

example, the minimum transmission delay time, the maximum capacity batteries and more.

H(x1)

H(x2)

4 fva
.. negative

., positive ”

., high” ,» to reduce

,, to increase ”

»— 20 %7 0
r)

Fig. 7. Functions
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In accordance with the values of linguistic terms that reflect the fuzzy decision system of
radioconnectivity between nodes MRI (Table. 1), in two groups proposed SDA rules governing the
transmission power node sender and the rules for choosing alternative routes to the host-transfer
recipient.

Thus, each group of rules should provide two cases of routing transmission: when sending
node and the destination node connected directly (route of transmission consists of one interval,

i=a and j=b, i,j,a,beN) and when the transmission route consists of h, h=1 N -1,

intervals (Fig. 3). Here are some examples of rules for each case.

1. Direct connection nodes of the sender and recipient.

1.1. Group management rules power transmission unit sender will be as follows:

Rule 1.1.1: IF transmitter power of "low" values AND the difference in error probability of
receiving "positive” AND the remaining battery capacity node—recipient "high" maintenance "
THAN increase transmitter power."

Rule 1.1.2: IF transmitter power "average" values AND the difference in error probability of
receiving "negative” AND the remaining battery capacity node-recipient "average” THAN "reduce
transmitter power."

Rule 1.1.3: IF transmitter power "high” AND the difference values at a reception error
probability "zero" AND the remaining battery capacity node-recipient "low" THAN "save
transmitter power at the same level."”

1.2. Terms choosing alternative routes of transmission are used fuzzy system when providing
a given service quality traffic cannot be achieved by increasing the transmitter power

(Pa (1) = Pya):

Rule 1.2.1: IF transmitter power "maximum” values AND the difference in error probability
of receiving "positive” AND junctions neighbors "one" THAN "move to a new route to the
destination node," (Fig. 6).

Rule 1.2.2: IF transmitter power "maximum" values AND the difference in error probability
of receiving "positive™ AND junctions neighbors "more than” THAN "to initiate the search for new
routes to the destination node, the criterion min p, ™.

Rule 1.2.3: IF transmitter power "maximum™ values AND the difference in error probability
of receiving "positive” AND junction’s neighbors "no" THAN "go to standby radioconnectivity
with neighboring nodes."

2. Plug the sender and recipient nodes using route.

2.1. Group control rules power transmission unit to the sender when nodes v, and v, are
intermediate (relay) transmission route (Fig. 8) will have the same form as in the case of direct
connection nodes (rule 1.1.1 - 1.1.3).

Vi,
Pik, < Pik, ,‘\
g ~
P ~o
/’ \\
Va Vi /’ VJ \\\ Vb
, mij S<
rd ~
@~ o & 5@
~
~ o 6 Ve
\\ ej <ejmin ,/

Fig. 8. Implementation example that select an alternate node on the route of transmission at low
battery capacity intermediate node on the route of transmission
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( p, = const

<
<

<
b J N

Continue to existing
transmission route

new route the new route

.4 15
The transition to the Selection criteria for
min p;

The transition to
standby
radioconnectivity

@
Fig. 6. Algorithm of operation control method of radioconnectivity transmission route for j #b

2.2. Terms of choosing alternative routes. As noted above, the loss of radioconnectivity
between intermediate nodes on the route of transmission (through mobility nodes or exhaustion
capacity batteries) may lead to rupture of the existing route and, consequently, lead to delay sending
packets of data related to the need to find new routes between sender and recipient. To avoid this
situation, in addition to the above rules 1.2.1 — 1.2.3, there are rules for choosing alternative routes
of transmission, taking into account the capacity of the battery option th node and priority traffic is

passed:
Rule 2.2.1: IF transmitter power "above average" values AND the difference in error

probability of receiving "negative” AND the remaining battery capacity j-th node "low" and

components neighbors "one™ THAN "move to a new route to the destination node,".

Rule 2.2.2: IF transmitter power "above average" values AND the difference in error
probability of receiving "zero” AND the remaining battery capacity j-th node "low" and
components neighbors "more than” THAN "to initiate the search for new routes to the destination
node, the criterion min p;" (Fig. 7).
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Rule 2.2.3: IF transmitter power "average" values AND the difference in error probability of
receiving "zero" AND the remaining battery capacity j-th node "low" and components neighbors
"no™ and the priority of traffic "high” THAN “continue existing transmission route."

Operation of the control method of radioconnectivity units of mobile radio networks in an
integrated use of fuzzy logic technology and intelligent agents can be represented using the
algorithm (Fig. 9):

If the node is the final route of transmission, we cannot manage radioconnectivity by
changing parameters nodal batteries, that for this case algorithm of the control method of
radioconnectivity units have simplified form (Fig. 10).

YES

Continue to existing
transmission route

< ®
0 — >1

the new route
new route N
min p;

,,,,,,

2
|7The D G TE |7Select|0n criteria for

13
The transition to
standby
radioconnectivity

AN

Fig. 10. Algorithm of operation control method radioconnectivity transmission route for j =b

Conclusions. Thus, the nodes radioconnectivity control method in the mobile radio networks
(MANET) was firstly proposed in the article. The method is to integrate functions of application,
network and physical levels of the OSI model to support radioconnectivity between mobile nodes
during data transmission.

Unlike the proposed methods for fixed radio networks that provide radioconnectivity between
the base station and transmission power control means, in the presented method additionally
proposed to solve the problem of providing radioconnectivity between mobile nodes by finding and
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using optimal routes of transmission between the sender and the recipient, taking into account the
capacity of the battery units participating in the formation of the route.

To do this, based on the integrated use of fuzzy logic and machine neural networks, the
proposed method of two groups of fuzzy rules, depending on the parameters of nodes allow to
select the required value of the power transmission unit sender or decide on the need for alternative
routes of transmission to node-recipient. In conditions of high dynamics changes of topology that
are characteristic of the mobile radio networks of MANET class, it will not only increase the
probability of successful reception of packets, but also reduce energy and time costs for their
transfer.
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