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DIRECTIONS OF MOBILE AD HOC NETWORKS
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Military Institute of Telecommunication and Infortian of the State University
of Telecommunication, Kyiv, Ukraine

The directions of efficiency increase of the seljamizing wireless networks MANET are proposed.yTbensist in the im-
plementation of new methods and radio network memeagnt functions, coordination and intellectualizatof the methods,
corresponding to different OSI-model levels, arsbaloordination of the network resource managemenoses distribution.

Introduction

Mobile Ad Hoc Network (MANET) is a type of ad
hoc network that can change locations and configure
self on the fly. Distinctive features of MANET anet-
work self-organization, dynamic topology, decentrs

ized control and heterogeneity of network elements.

Advantages of the MANET are easy nodes configu
tion into the network, lack of network infrastructy
high survivability, work on the motion of all theeta
work elements etc (table 1). Exactly these feathess
been attracting the attention of scientists to dbeel-

opment and improvement of the MANET in recent

years.

Table 1. MANET advantages and disadvantages

Due to what can be achieved

Advantages (+) | an b _
(improvement directions, disad-

Disadvantages

¢) vantage elimination), effects
Using of decentralized network
management algorithms (this lead
(+) Ability to to the necessity of collegtlng. a
2 .| significant amount of service in-
self-organization .
: formation about network status).
rapid deploy- X
4 Network management functions
ment, extension, .
are implemented by each node, re
renewal.

quiring an appropriate mathemati-
cal, algorithmic and software
providing.

a_

(+) High net-
work efficiency.

1. At the physical layer of OS
model: radio channel transmissiq

rate increasing due to the band

shifting (hundreds of MHz, units
of GHz); dynamic spectrum allo-

cation (cognitive radio); using d
rectional antennas; application

the OFDM and MIMO technolo-

gies; application of ultra-wideban
impulse signals (IR-UWB) [2] etc
2. At the link layer of OS mod-
el — effective link-layer protocol
using (for example, to ensure qu

ity of service (QoS) in the chan

nel).
3. At the network layer of OS

model — effective network layer

protocols use (for example, to e
sure QoS routes, multipath roy
ing, etc.) [2]; introduction of addi
tional network topology contrg
sub-layer.

4. At the transport layer of OSl
model — effective flow control pro
tocols use.

5. At the application layer of
OS model — OSI layers coording
tion and integration, using of inte
lectual network manageme
methods [2].

The absence of fixed architec-
ture, connectivity on the move of
all network elements, a decentrals

(+) Different
traffic types
transmission.

New link and network laye
protocols application (protoco
that support a given QoS).

U7

=
T

n-

I
nt

(+) High surviv-
ability.

ized network management meth;
od, the ability to self-organization.
Each node is a router and all jtg
control algorithms should be
adapted to the network conditions.

(+) High Securi-
ty.

Security systems applicatio
distributed trust centers and intr
sion detection systems creatid
using of HIP (Host Identify Proto

col) and so on.

ISSN 2312-4121, Information and Telecommunicatioireces, 2014, Volume 5, Number 1
© 2014, National Technical University of Ukraineyi Polytechnic Institute”



VALERIY A. ROMANJUK, OLEG YA. SOVA DIRECTIONS OF MOBILE AD HOC NETWORKS EFFICIENCY INCREASE

17

(-) Significant
volume of ser-

Service traffic reducing can
achieved through the using of
propriate algorithms (protocols)
all OSl levels (levels coordinatiof

e | Network re-| Radio network management
p-| sources intellectualization. 3..5
at | management

N

vice traffic. network control system intellecty- However, creation of the MANET requires solving
alization [2], etc.). pf many scientific problems asspciated .With decdntr
) Applicatilon of routing with thd ized 'network management (routing, radio resourtes a
(=) Asmall (_1|- hop limitation and using routers ft location, power management, topology management,
rect connection unmanned aerial vehicles mdinformation security, QoS and so on) with limites r
distance. aero-platforms sources of mobile radio terminals [1]. In this page
Application .of broadband sig- rectiqns of mobile ad hoc networks efficiency irage
nals (Frequency Hopping Spec- are discussed.
(+) High hin- | trum Spreading — FHSS, Direct New approaches to the MANET functioning
dranggnprotec— ggqsuse)mi:ﬁ pesrgrrJZ?:(t:Iivespﬁ;:/g:Ji(rjnr The purpose of the MANET creating is to provide

source allocation schemes U

B~ quality communications to subscribers accordintht
S€orinciple “in any place — at any time”. Moreovee-d

(FDMA/TDMA/CDMA).

spite the dimension of MANET, radio network should

There are two ways of the MANET creation today: provide throughput, reliability and speed of messag
— modernization of existing narrowband radio negeélivery comparable with the wired networks.
works through the implementation of the developed For ensuring of these indicators fundamentally new
MANET operation algorithms (protocols), which wiith-

prove the performance of existing radio networkdenn
certain restrictions on the number of subscribecs the

speed of their movement, traffic intensity andisp o
— creation of modern broadband, multiband, highhe queue, processing at three OSI levels, adtiagi
speed, programmable, multi-channel (multiple trandes, re-setting in the queue at network and data |
ceivers) and cognitive of radio facilities, whiclios to
provide the high channel capacity, plug-and-playdeno tion access to the channel with mandatory acknowl-
and the possibility of network self-organizing,eiti¢:c-
tual and decentralized network resources managemelfinsiderable delays in data transmission on théerou

all traffic types transmission, work on the movewl|

power consumption and so on.

Analysis of recent publications has allowed usde d Network

termine an approximate gain (in arbitrary units)ttod
wireless networks performance (table 2) in caseaof
ous technologies and methods use.

Table 2. Approximate gain (in arbitrary units) betwireless
networks performance in case of various technaogiel meth-

ods use
Technology .
Problem (decisions methods) Gain
Radio chan-| Band shifting (hundreds of
nels band- | MHz, units of GHz), optical| 10
width in- range using. 2...20
crease Radio spectrum optimization.2...30
Directional antenna use.
Routing New hybrid routing protocols 2...5
use.
Additional Mobile base stations, un-
architecture manned aerial vehicles. | 2...4
elements

approaches to the functioning of MANET are offered.

1. Packets relay “on the fly”

Each packet in all nodes of the route goes through
the following processing procedure (Fig. 1): settin
layers, insert new data into the headlines, tharmzg-

edgments (and possible retransmission). This léads

from sender to addressee.

processing———> processing

([T Delay: transmission

rocessin rocessin queue,
Link P 9 P 9 acknowledgments,
(I retransmission
: procegsing progessing
Physical = £
Package receiving W Package transmitting

e

Fig. 1. The proposed processing scheme

The proposed processing scheme consists in time
reducing, that is expended to process packets ten-in
mediate nodes. Packet header is processed onheat t
physical layer without the involvement of data link
network and transport layers. In this case, théeobe-
tween sender and the addressee must be built using
principles of the MPLS-protocol. Address and rolate
bel (located at the top of the header) are analgzdde
physical level. If node isn’t the addressee, fetsans-
mitting the packet on the route. The solution cstssin
combining the functions of reception and transmissi
so while the first parts of the packets are trattechithe
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other parts are receiving. The benefits are obyibug is to create intelligent (intellectual) network ¢ah sys-
this approach requires advance channel resourses retem, as a set of the interacting intellectual nadeitrol
vation in routes of transmission. systems (Fig. 3).

2. Network topology management To make decisions of the node and network re-

Network topology determines the potential for dataources management, intellectual nodal controlegyst
flow transmission through the network. It is propd$o should collect information about the network ankieta
introduce an additional sub-layer of the OSI moddhto account the quality of service requirementspiar-
network layer to control the topology of the netlwby ticular traffic type. Therefore, the main architeet
changing the transmission power and (or) radigbian feature that distinguishes the proposed intelléatos-
tern of the antenna (Fig. 2). It can get differmolo- trol system built on the “cognitive” scheme liespires-
gies with different potential bandwidth and a routence of a decision making subsystem, consisting of

length. knowledge base (contains information about thembje
tives of the nodal control system, as well as rofede-
OSI network Routing cision on the choice of node “behavior”), databsg;
layer Topology control ical inference unit and the network resources n®del

: . base [11, 13].
Fig. 2. Partition of the OSI network layer at sajdrs

. i . :" Decision making Management methods base by OS| Intellectual
Increase (decrease) in the transmit power increases subsystem Application layer ]| control
system

(decreases) the number of “neighbor” nodes andcredu |
es (adds) the number of relay on the routes, highes '
(reduces) the zone of mutual interference (thedéid
terminal” problem) thus reduces (increases) thdorad... \
channels bandwidth and require larger (smallerjebat “ Information Qutue R
energy consumption of nodes. There is a certaiit opt; (] leeo £ [ managemen | planner
mum of network parameters when managing network | ™ t ) %iﬂm I The outeus
topology [10]. To user Classif \

3. Implementation of the OSl-transport layer us- | h

Transport layer ]

Logical
inferenc

Database k unit

Network layer ]

Cross-layer

Link layel N

Node 2

madels bas¢

Physical layer

The network resources

Knowledgebase

l

"‘ |
ing route division into segments | Receiving] ~ TransceiveqTransmissiof}
This approach allows reducing the number of inter- N(_)gl// NodeS

rupted sessions at the transport layer by decrgdls®
number of route reconstructions due to changesin n

=] ]

Work tOpOlOgy """" * Service information =P User information
) . L — Interconnection between the blocks < — Denial of Service
4. Parallel multiple packets retransmission
At the network level parallel packet transmission
can be carried out by multipath routing, which ilves Fig. 3. Architecture of intellectual nodal contsyistem
the construction of several independent routes|@adi Decision making subsystem coordinates the opera-

b_ala_n'cing between them [1.2]' Hovyever, this '?ads ton of management methods, combined in a manage-
significant volumes of service traffic. In order itm- ment methods base by OSI layers, to optimize the
prove the rellablllty_of transmission and chanrtqja_lpl- MANET performance function. The peculiarity of the
tyits proposgd using of a parallel packefc trarssmain roposed approach is that coordination and integrat
at the physmal level, called cooperative diversityopyeen OSI layers are carried out not only acogrdi
N_odes S|multane(_)usly retransmit the_ Same packet fY'different parameters, but also according to rgana
dlfferen_t frequenmes/channels_ to be diversity C"’“?“ ment objectives that define a particular controthod

at receivers. Another way to implement parallel traul at each OSI layer

ple packets retransmission is antenna array useewhe |, gopara| “intellectualization of nodal controlssy
nodes act as eIements._ In gener_al, using the earajlm ensures adaptation of the node to the MANET con
transmission at the physical level significantlyphoves ditions, which are characterized by uncertaintyafio

SNR at the reception. medium. For construction such a control systenrds p
5. MANET mtellectuahzatyon . . ,ﬁ)osed to use the intelligent agent technology.
Increasing the network dimension leads to a signifi 5 45| |evels coordination

cant service traffic increasing (volume of servicfic Existing approaches to the telecommunication net-

grows at least q_uadraticglly to the network .dime'n)si works design assume independence of control fumetio
Therefore, possible solution for service traffiduetion by OSI levels (Fig. 4a). However, this approachsdoe
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not take into account the features of MANET andsdoe

not allow optimization of the performance indicatat
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In this paper new approaches to the MANET func-
tioning are offered. The main ones are: packetayrel

every OSI layer (or in general) under various nekwo “on the fly” , network topology management, imple-

conditions and the requirements of a particulaffitra
type (e.g., video or audio) [9].

mentation of the OSl-transport layer using route-di
sion into segments, parallel multiple packets retra

Making a decision at some level of the OSI modehission, MANET intellectualization, OSI levels ceor

can be based on service information collected latrot
levels. Service information from different OSI lése

dination, matching management objectives for networ
resource distribution.

which has been analyzed by nodal knowledge base,Implementation of these approaches will create
provide more accurately assess of the radio netwdrlansport basis for building of the new generatiadio
current state and reduce the volume of servicdidrafthat will allow providing quality communications to

that is transmitted to the MANET. In addition, itllval-

subscribers according to the principle "in any placat

low optimal use of nodal and network resources dbanany time".

width of the radio channel, battery capacity, nqua-
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Fig. 4. OSI architecture (a) and coordinating (sfager) archi-
tecture (b)

7. Matching management objectives for network
resource distribution

Under the decentralized control conditions eaclahod 6.

intellectual control system will implement two gpsuof
objectives — user and network (zone) objectives.

User objectives are to achieve the desired quafity
transmission and optimization parameters of thesdatda
certain direction between the sender and the astelres

Network (zonal) objectives are to optimize network
zone performance indicators, which can be detedhtiye
the following criteria: a minimum of service traffimax-
imum of bandwidth, minimum of transmission power. et

During the MANET operation these groups of objec-

tives may conflict with each other. Therefore ieietual
nodal control system has to coordinate
approve its management objectives with
nodes that will be involved when this hode makeea-
sion.
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