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OPTIMISATION PROBLEM STATEMENT OF DECISION-MAKING
ON HANDOVER IN HETEROGENEOUS AD HOC NETWORKS

Advanced development trends of wireless networks and mobile communication are considered. It’s shown that
new trends of program-defined and cognitive radio require creation of metrics system for route decision-
making or handover in heterogeneous wireless networks. Based on the analysis of main selected metrics we
concluded that it is necessary to apply various conditions in order to make the right decision. It’s shown that
decision on handover in heterogeneous ad hoc networks shall be made taking into account existing various
and contradictory metrics by introduction of unique metrics integrating the initial ones. It’s proposed that de-
cision-making on handover in heterogeneous wireless networks of mobile communication devices is produced

on the fuzzy optimization approach.
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Introduction

Wireless ad hoc network (wireless dynamic net-
work, wireless self-organised network) is a decentral-
ised wireless network without constant structure. Client
devices connect "on-the-fly" forming a network. Each
network node attempts to transfer data intended for
other nodes. Thus determination of data transfer to the
node is dynamic based on network connectivity. In het-
erogeneous network environment parameters of differ-
ent network types are in different ranges, hence relevant
is the selection of the criteria for decision-making on
handover, selection of optimal network route etc. Three
stages of handover procedure are defined: information
accumulation on accessible networks (initialization),
decision-making on handover and immediate switch-
over. Handover method in heterogeneous wireless net-
works of mobile communication devices shall select the
most appropriate moment of initialization and the most
suitable network among all accessible.

Publications review

Handover has the following requirements: low de-
lays, high reliability, high success level, minimum num-
ber of transmissions, support of subscriber’s transparent
movement, load balancing on a radio access network
[1].

Metrics of resource costs. Decision-making on
horizontal handover in homogeneous networks occurs
on the basis of RSS metrics (Received Signal Strength)
and channel availability.

In case of vertical handover in the conditions of
heterogeneous networks single RSS metric is not

enough, since RSS from different networks cannot be
compared directly due to various characteristics of these
networks. The following additional metrics received
wide spread [2].

1. Number of switches (hop count) is widely used
as routing metrics in existing routing protocols such as
Dynamic Source Routing (DSR) [3], On-demand Dis-
tance Vector routing AODV [4] and others. Metrics
does not consider distinction in transfer rates and packet
loss coefficients in various network segments.

2. IEEE 802.11s Standard requires support of
transfer time metrics in the channel (Airtime Link Met-
ric) for compatibility of all devices:

C, =[0+EJ ! (1)

T l—Ef’

where B, is the number of bits in test packet;

O — overhead charges of channel access which in-
clude packets header, access protocol frames, etc.;

r - transfer rate in the channel (Mbit\s);

er - probability of error occurrence (the value is
measured experimentally on packets by B, length).

This metric represents transmission time estima-
tion (in seconds) of a trial packet with B, length taking
into account possible relays due to losses in channel.

3. Expected transmissions count (ETX) is one of
the first routing metrics intended for wireless cellular
networks [5]:

0
1
ETX =Y kp* ' (1-p)=—,
kzzl I=p

where k is the number of transmission attempts,
p — probability of successful attempt.
Taking into consideration the fact that transmis-
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sion shall be proved by appropriate acknowledgement
ETX can be represented as follows:

ETX =1/(dg xdy), 3)
where dg,dg are the number of expected packet trans-

mission attempts in direct and reverse directions re-
quired for successful transmission on a concrete wire-
less communication channel and provision of packet
reception.

ETX metric does not consider influence of various
transfer rates in various wireless communication chan-
nels and various sizes of data packets. Losses increase
on long paths therefore ETX metric depends on a path
length.

4. Expected transmission time (ETT) defines the
time required for packet transmission of S size through
the channel with B transmission rate:

ETT =ETXxS/B. 4

5. ETT and ETX metrics do not allow considera-
tion of possibility to use various network paths. In order
to search paths with lower interference level when using
forwarding the paper [6] offers the metrics of the
weighed cumulative expected transmission time
(WCETT):

WCETT = (1-B) Y ETT, +Bxmin(X;)> )
I<j<k
where B is adjustable parameter;
X; — the sum of expected transmission times (ETT)
for all the forwards (hops) of the channel;
k — number of possible channels.

WCETT metric consists of two addends: the for-
mer defines delay from the beginning to the end of the
channel whereas the latter considers a variety of channel
segments throughout the path.

6. Study [7] offers metrics connecting WCETT —
metrics with hop delay.

Suppose P is the path between S source node and P
P={S,N,N,..N_,,D}, where

receiver  node:

{Nl, Nz...Nm} is a set of intermediate nodes.

Links between the nodes are the couples defined
on P set:
I =(S,Ny); Vi, 2<i<m,I; =(N;_, N; }; 14y = (N, D) -
Thus the link metric 1; equals:
My, = (1-B)ETT;, +B(DL; ~maxX;) , (6)

where DL, is delay of [; link switching,
Xj is metrics maximum value of double switching on
j channel.
The general path metrics is defined as the sum of
m+1

link metrics: M = >° M, .
i=l1

7. The metric considering power possibilities of
network nodes for extension of HWMP routing protocol

[8] predicts a maximum uptime of device in standby
mode with switched off network interface which de-
pends on remainder capacity of accumulator battery:
Linax = C/Imin > (7)

where C is nominal capacity of node battery as per
specification,

Imin 18 @ minimum current of battery discharge.

Metric which considers power possibilities of
nodes is a relative value in [0, 1] interval:

2
Mg =1- Tg :M, (8)
T, L'Tmax

max

where Teszax/L+L=(L +L2)/L, Thax 1S a

max

maximum T, value included in the formula to deduce
range of values ME to [0,1] segment.

Service of Quality metrics. Network mechanisms
shall be used in combination with characteristics of ser-
vice quality formed depending on requirements of ap-
plications. Various types of application or services re-
quire various data transmission rates, network delays,
reliability and safety levels. Data-rich applications such
as stream video work better if capacity is high. Applica-
tions operating real time need a minimum network delay
whereas other applications are not as sensitive to net-
work latency.

For the majority of cases the communication qual-
ity is defined by four parameters [9]:

- bandwidth refers to the width of the frequency
band that a system operates in, describes nominal capac-
ity of information transmission media;

- packet loss defines number of packets lost in
network within transmission time;

- delay (latency) - amount of time it takes a bit to
be transmitted from source to destination;

- jitters describe differences of delays during
packet transmission.

Various types of applied tasks are critical to vari-
ous metrics of communication quality. For instance, in
telemedicine accuracy of delivery is more important
than a total mean delay or jitter whereas in IP-telephony
jitter and delay are key characteristics which are to be
minimised.

In vertical handovers in the conditions of hetero-
geneous networks it’s necessary to consider the follow-
ing additional metrics for decision-making on transmis-
sion: cost of services, safety, operation conditions of
mobile device, user settings.

Metrics of application level of OSI model. Ac-
cording to the model of providing differentiated ser-
vices, i.e. DiffServ, which provides users with services
with various requirements to QoS under guidelines of
3GPP consortium, defined are nine types of services
which are divided into two classes depending on re-
quirements to network resources:

- Guaranteed Bit Rate (GBR);
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- Non-guaranteed Bit Rate (Non-GBR).

GBR services include real time services such as
voice or video telephony, games in real-time mode with
defined minimum speed rate, guaranteed rate (GBR).
Non-GBR services include services without defined
minimum guaranteed rate (non-GBR). Transmission bit
rate can vary depending on network loading; therefore
in case of overload loss of data packets occurs. In this
case access control is carried out by means of introduc-
tion of aggregate maximum bit rate (Aggregate MBR,
AMBR) which allows differentiation of services by pri-
orities in maintenance. Examples of such services are e-
mail, page view, and interactive games.

Rate increase or decrease within GBR minimum to
MBR maximum values in GBR services does not influ-
ence mean time of data transmission; whereas variation
of services provision rate without guaranteed bit rate
leads to change of mean time of data transmission. Thus
we can single out two types of traffic generated at ser-
vices provision: stream and elastic [10].

Further we assume that the metric of service qual-
ity on applied level depends on the class of service.
Service quality on applied level for GBR services is
represented as follows:

MBR -GBR

where GBR is Guaranteed Bit Rate, bit per second;
MBR is Maximum Bit Rate, bit per second;
BR is an actual Bit Rate, bit per second.
Service quality on applied level for non-GBR ser-
vices is represented as follows:
BR

QoSgpr (BR) = AMER (10)

where AMBR is Aggregate Maximum Bit Rate, bit per
second;
BR is an actual Bit Rate, bit per second.

Objective of this paper is to define the optimisa-
tion task of decision-making on handover in heteroge-
neous wireless networks of mobile communication de-
vices.

(. ABR,,-GBR
QoSypg (BR) =min| 1, —————|, (9)

Method of decision-making on handover
in heterogeneous ad hoc networks

Decision on handover in heterogeneous ad hoc
networks shall be made taking into account existing
various and contradictory metrics. One of the possible
ways in this case is introduction of unique metrics inte-
grating the initial ones. In order to simplify multi-
objective task we use convolution of vector criterion
into scalar applying additive convolution:

1
k(a)= 2 <) ((f) :

i=l1 i

(11)

where A; is a coefficient of importance of i-th crite-
rion;

I — number of partial criteria;

ki’ — coefficient of rationing absolute values of par-
tial criteria.

Normalisation solves the task of criteria reduction
to uniform scale and dimensionless type by replacement
of absolute values of criteria with the relative ones:

0
W, = Wi

max min
i W

(i=1,2,..,m), (12)

WO _W'min
—i T (4=1,2,..,m),

max min
i W

Wi = (13)
where W™ is the maximum value of i-th criterion;
W™ is the minimum value of i-th criterion;
Wi, is a relative value of i-th criterion;
W, is a current value of i-th criterion;
m is the number of local criteria.

Then the task of decision-making on handover in
heterogeneous wireless networks of mobile communica-
tion devices is formulated as follows.

Assume that heterogeneous network consists of M
networks of radio access and a set of connections
n=1,2..., N. Target function f (Xu, n, I'm, n» Gin) 1S an inte-
gral criterion which is to be maximised. Each network
has limited radio resource G,, and when the user n is
distributed into network m, then he uses its resource in
the amount of ry,,; X, 1S @ binary value which equals 1
if subscriber n is distributed into network m, otherwise
it equals 0; res,, , is the minimum resource intended to
meet requirements of QoS application, N, is a number
of users in network m. When all network resources are
occupied but new requests for services are being re-
ceived, resource allocation between users is carried out
according to a certain policy which is represented by
function g, (Vim, Gm, Ni), wWhere:

Gy, is the general network capacity;

N, is the number of users;

Vi 18 connection characterised by the vector of
QoS requirements

The task of decision-making on handover in het-
erogenecous wireless networks of mobile communication
devices can be represented as follows:

X' =arg max (X, R, G), (14)

where X=<xm’n>,R=<r >, n=1..N, m=1..M;

m,n
Xmn € {0, 1}, Vn=1.Nm=1.M.

Assuming that any mobile communication device
either belongs to only one wireless network or it is not

connected in general, the following limitation is calcu-
lated:

(15)
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The second limitation is defined by limited re-
source possibilities of networks:

N
€Sy n, if z Imn Xmn S Gms
n=1

(16)

Impn =

gmn (V> Gm»> Ny ), else.

As a method of decision-making on handover it is
offered to use the fuzzy logic which has proved as a
control device simple in implementation and under-
standing. Processing (rationing) and aggregation of pa-
rameters is carried out with application of fuzzy logic
which allows estimation of each parameter by certain
linguistic variables, i.e. low, average, high. Each of
these variables represents a fuzzy set, membership func-
tions to which are defined on the basis of expert knowl-
edge and experience of users.

Conclusion

Thus the proposed decision-making on handover
in heterogeneous wireless networks of mobile commu-
nication devices belongs to the class of fuzzy optimisa-
tion tasks. Such tasks are characterised by defining part
of parameters, limitations and actual target function
through subjective user preferences what allows a more
complete imitation of decision-making process by the
person.
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ONTUMIBAILIMHA TIOCTAHOBKA 3AJAUI IPUMAHATTS PIIIEHD ITPO IEPEJAYY
OBCJIYI'OBYBAHHA B 'ETEPOT'EHHUX OJHOPAHI'OBUX CAMOOPI'AHIBOBAHUX MEPEKAX

L b. Typkin, /1. C. Iznamobes

Po3risinyTO cydyacHi HampsIMKHA PO3BUTKY OE3IPOTOBHX Mepex i MOOiIbHOro 3B's13Ky. [loka3aHo, mo HOBI Ha-
MIPSIMKH TIPOrPaMHO-00YMOBIIEHOTO 1 KOTHITHBHOT'O Pajiio BUMararoTh ()OpMyBaHHSI CHCTEMU METPUK ISl IPUHHST-
TSl pillIeHb IIPO MapuIpyT, abo rnepenadi 00CIyroByBaHHs B T€TEpOreHHUX 0e3ApOTOBUX Mepexax. Ha ocHOBI aHaiti-
3y OCHOBHHX BHIJIEHUX METPHUK c(hOPMOBAHO BUCHOBOK ITPO HEOOXIJHICTh 3aCTOCYBAHHS PI3HUX YMOB JJIsI IIPHITH-
ATTS BipHOTO pimieHHs. [TokazaHo, o pileHHs Npo nepenady o0CIyroByBaHHs B TE€TEPOr€HHUX MepeKaxX NOBUHHO
npuiMaTHCs 3 ypaxXyBaHHIM ICHYIOUHMX Pi3HHX, CyNEpewINBUX MMOKA3HUKIB IIJSIXOM BIIPOBADKEHHS €IMHOI, 1HTETr-
paJIbHOT METPUKH. 3alpOIIOHOBAHO MPUHHSTTS PillIEHHS PO MepeAady B TeTEPOreHHNX 0e3POTOBUX Mepexax Mo-
OLTbHUX NPUCTPOIB 3B'SI3KY BUPOOJIATH 32 JIONIOMOI'OF0 HEYITKOI ONTUMI3alli.

Karou4osi ciioBa: 6e31poroBa Mepeka, KOTHITUBHE PajIio, METPUKH, SIKICTh 00CITYrOBYBaHHsI, NPUCTPild MOOi-
JIBHOT'O 3B'A3KY, IPOrpaMHO-00yMOBIICHA paiocuCTeéMa, TOUKa JOCTYILY.

ONTUMU3AIIMOHHAS TIOCTAHOBKA 3AJJAUM IPUHSATHS PEHIEHU O IIEPEJIAYE
OBCJIYXHNBAHUA B TETEPOI'EHHBIX OJHOPAHI'OBBIX CAMOOPI'AHU3YIOIUXCHA CETAX

U. b. Typxun, /1. C. Henamues

PaccMoTpeHbI coBpeMeHHBIE HalpaBieHUs] Pa3BUTHSI OECIPOBOMHBIX ceTell M MOOWIbHOW cBsizu. [lokazaHo,
YTO HOBBIE HANPABIICHUS [TPOrPAMMHO-ONPEAEIIEMOr0 U KOTHUTUBHOTO Palvo TPeOYIOT (POPMUPOBAHHS CHCTEMBI
METPHK JUIsl BBIOOpa MapIipyTa, JHUOO NMPHUHATHS PElleHnH O mepenade oOCIyKUBaHUS B TE€TEPOTeHHBIX Oecnpo-
BOJHBIX ceTsX. Ha ocHOBe aHajM3a OCHOBHBIX M3BECTHBIX METPUK C(HOPMYIUPOBAH BHIBOJI O HEOOXOIMMOCTH TPH-
MEHEHHs] MHO)KECTBA pa3HOOOpa3HBIX YCIOBHH JUIsl MIPUHSTHS BepHOro pemreHus. [lokazaHo, 4To penieHue o nepe-
Jade 00CIy)KMBaHHS B T€TEPOT€HHBIX CETSIX JODKHO MPUHUMATHCS C YUETOM CYIIECTBYIOIIMX Pa3JIMYHBIX, TPOTH-
BOPEYMBBIX MOKa3aTeneil myTeM BHEAPEHUs eIUHON, HHTErpaIbHOM MEeTpUKU. [IpennoxKeHo MpHUHATHE PEIIeHus o
repesaue B reTepPOreHHBIX OECIPOBOMHBIX CETSIX MOOHMJIBHBIX YCTPOWCTB CBSI3H MPOU3BOJUTH ITOCPEIACTBOM HEYET-
KOM ONTHMU3AIUH.

KaroueBsie ciioBa: OecripoBojiHasi ceTh, KOTHUTHBHOE PaJii0, METPUKH, Ka4eCTBO OOCITY)KUBAaHUS, YCTPOICT-
BO MOOMJIBHOH CBSI3H, IPOrPaMMHO-OIIpeiesieMasl paJJMOCUCTEMa, TOUKa JIOCTYIIA.
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