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Abstract: Problem statement: The Next generation wireless networks are hetereges in nature
where different Radio Access Technologies (RAT)xiste in the same coverage area. The user
terminal should be able to pick the best accessntdogy such as Wireless Local Area Network
(WLAN), Wireless Wide Area Networks (WWAN), the UWmirsal Mobile Telecommunication
Systems (UMTS) and the Global System for Mobilee€emmunication (GSM)/Enhanced Data rate
for GSM Evolution (EDGE) Radio Access Network (GHRAat its current location and use the
access technology seamlessly for the provision esfirdd service. The goal is to select the most
suitable Radio Access Technology (RAT) for eachr.ukés important that suitable decision making
algorithm should be designed such that all the iambd characteristics of the system are taken into
account when making the radio access selec#@proach: For this reason, this research work
proposes a methodology to select the best accéssnkeamong WLAN and WWAN under the input
criteria Signal Strength of both networks, speethef mobile terminal and network coverage of both
networks and Quality of Service (QoS). Hence, iis thork, a new hybrid multi objective decision
making algorithm employing weighing function andtmde swarm optimization is proposed for fuzzy
based Radio Access Technology selection of Hetemss wireless network&esults: The end
results indicate that the proposed algorithm odigpers better than the existing metho@gnclusion:
Inferences from the results indicate that by ushegproposed algorithm, best RAT can be selected fo
the user with a minimal time constraint.

Key words: Fuzzy logic controller, multi objective decisionaking algorithm, weighing function,
particle swarm optimization and best access selecti

INTRODUCTION It is envisioned that Beyond-3G system will
integrate these heterogeneous networks to offer
Over the past twenty years, a number of wireles®verlapping coverage to mobile users. In turn, ribet
technologies were developed. The first generatiorgeneration of networks will support multiple
systems are based on analog radio transmission. TH@chnologies, handles the mobility of end usemnitve
Second Generation systems 2G brought a number &frough heterogeneous access networks, with thigyabi
significant advancements over 1G wireless networksiO connect to different networks (Hassan and Hassan

The second generation systems like TDMA or CDMA2011)- The user terminal has to pick the best acces
technology such as Wireless Local Area Network

systems are completely digital in nature. The Th'rd(WLAN), the Universal Mobile Telecommunication

generation  systems  like  Universal Mobile S )
LY ystems (UMTS) and the Global System for Mobile
Telecommunication System (UMTS), CDMA 2000 Telecommunication (GSM)/Enhanced Data rate for

based on Wireless CDMA technologies is to provideGS'vI Evoluton (EDGE) Radio Access Network

high ~speed wireless communication 10 SUPPOrYGERAN) at its current location in order to use the

multimedia, video, data and voice. The wirelessiechnology with the desired service. The goal is to
transmission has progressed through 1G, 2G, 2.5G tgject the most suitable RAT for each user. It is
3G to increase the radio system capacities andig®T  jmportant that suitable decision making algorithm
data rates over 2G, to support IP-based data, \@ide should be designed such that all the important
multimedia services and at the same time improveharacteristics of the system are taken into adcoun
interoperability and QoS (Asif, 2007). when making the radio access selection.
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The Key contributions of this work are This  used for the initial RAT selection. This algorithuses
research work proposes an algorithmic approach t®article Swarm Optimization, Fuzzy logic controller
select the best access network among WLAN andenetic Algorithm and decision making algorithm for
WWAN under the input criteria Signal Strength ottbo the selection of RAT. The fuzzy neural mechanism is
networks, speed of the mobile terminal and networkused in (Agustit al., 2004; 2008) for the selection of
coverage of both networks and Quality of Servigce. | best RAT among UMTS, GERAN and WLAN. Thus
this study, a new hybrid multi objective decision many RAT selection algorithms are available for the
making algorithm employing weighing function and selection of RAT.

Particle swarm optimization is proposed for fuzzy

based Radio Access Technology selection ofFuzzy inference syssem: The brief overview of the

heterogeneous wireless networks. fuzzy logic and fuzzy controllers are discussedhier
The rest of the study is organized as follows:in this topic.
Chapter 1l explains the literature survey on

Heterogeneous RAT networks Selection, Chapter IlIFuzzy logic: Fuzzy logic introduced in the year 1965
explains about the fuzzy based selection, ChapMer | by Lotfi A.Zadeh, is a mathematical tool for deglin
gives the implementation of proposed work andwith uncertainty (Ross, 2010). It provides an
Chapter V gives the simulation results Chapter Vimechanism for representing linguistic constructshsu
gives the di_scussions and finally Chapter VII prese zg “high”, “low”, “medium”, “tall”, In fuzzy systers,
the conclusion. the values are indicated by a number ranging fraim O
1. The membership function for the set maps each

Related works: Future Wireless Networks does not glement of the set to a membership value betwesnd0
consist of single radio access network like WWAN, 1 Generally, Triangular or bell shaped functioms a
UMTS, but it consists of heterogeneous radio accesgsed for representing membership functions.
network that coexist in the same coverage area. The
main objective is to decide the best suitable RAT f Fuzzy controllers. Fuzzy logic Control (FLC) is the
each call. _ _ most active research area in the application afyfiset

A number of RAT selection algorithms are theory, fuzzy reasoning and fuzzy logic. The basic
available for initial RAT selection and vertical architecture of fuzzy logic controller is shownFiiy. 1.

Handover. References (Sabbaghal., 2011; Falowo The principal components of FLC systems as
and Chana, 2008) present the good review of RATdiscussed in (Yuhuiet al., 1999; Sivanandam and
selection algorithms. Deepa, 2007) are: a fuzzifier, a fuzzy rule base,

In Random based RAT selection, when a new calinference engine and a defuzzifier. The fuzzifier
or vertical handover arrives, any of the availaRisTs  converts the crisp quantities into fuzzy quantitiébe
will be selected randomly. In Load balancing basedcrisp quantities are represented using membership
RAT selection, the main objective is to uniformly function. The inference system determines the fuzzy
distribute the load among the available RATs inOutput using fuzzy rules which are in the form bf |
heterogeneous wireless networks (Tolli and Hakalinthen rules. The defuzzifier converts the fuzzy atitp
2002; Suleimaret al., 2006; Umberet al., 2007). In  @gain into crisp output. There are two types ofzfuz
policy based RAT selection, it allocates usershe t SYS€ms in fuzzy logic controllers: Mamdami and
RAT based on some specific rules specified by th ugeno systems. Mamdani's fuzzy inference method is
network (Perez-Romeret al., 2005; 2006). Service Mhzmrg:r?it (r:r?g:r:g(zjnI)]/‘inzienthguziéni?;?og?logy' tv?/-(?e
gfi?at;isgfd szﬁ/}—cgdsmugi (;i”?/cl)?cfg pv?été%ugat:ezﬁn% dimensional function rather than integrating acribes

. ; : . two-dimensional function whereas the Sugeno type
time video, web browsing (Zhang, 2005). Servicet cOSgygiems (Takagi and Sugeno, 1985) use the weighted
based RAT admits incoming call into the least

_ i ; average of a few data points. Fuzzy logic contrslie
expensive RAT in order to reduce the service COSE:heaper to develop, they cover a wider range of
algorithm makes call admission algorithm based oncustomizable in natural language terms (Al-Odiemat
path loss measurements taken in the cells of e#h R Al-Lawama, 2008). The Defuzzification methods afe o
Perez-Romeret al., 2006). five types namely: the method of Centroid of arba,

In Mobile based RAT selection algorithm method of bisector of area, Mean Of Maximum
(Aleksandar and Janevski, 2011), the mobile termina(MOM), Smallest Of Maximum (SOM) and Largest Of
measurements from different radio access techndkbgy Maximum (LOM).
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Crisp input Fuzzy logic controller for received signal strength
l from different networks: The input variables are
Tnput obtained by measuring the reception signal level of
Fuzzifier < membership access networks. The first part of the selection
function algorithm is an array of fuzzy logic controllersher
Fuzzy input inputs to the first fuzzy logic controller are sign

—— — strength of WWAN and signal strength of WLAN. Here
Inference system mamdami inference system is considered for theyfuzz

controller and centroid method is used for

Fuzzy defuzzification. The input has two inputs (SL1 and
v SL2) where SL1 gives the received signal strendth o
Defuzzifier WWAN and SL2 gives the received signal strength of
WLAN and two outputs (SLC1 and SLC2) where SLC1

describes the probability of acceptance for the nser
in the WWAN network and SLC2 to describe the

probability of acceptance for the new user in the
WLAN network. The input variable SL1 starts witleth

Crisp

Fig. 1: Basic architecture of fuzzy controller lowest level (-105 dBm) ends with (-70 dBm). The
input variable SL2 has the range (-105 dBm to -60
MATERIALSAND METHODS dBm). The variables SL1 and SL2 have 3 fuzzy sets
. namely low, medium and high.
The proposed fuzzy based heterogeneous radio The inputs are fed into the fuzzy controller. SLC1

access technology selection using Hybrid Multi-  5nq S1C2 have 4 fuzzy sets namely: Y (Yes), PY

objective decision making algorithm: The authors (Probabl

. . y Yes), PN (Probably No) and N (No). By
(Aleksandar and Janevski, 2011) proposed the effici |,qing 9 fuzzy rules, crisp quantities are fuzzifeat
radio access technology selection that uses thelenc’bggain defuzzified as crisp values.

terminal measurements from different radio acces
technologies. The input parameters considered irlﬁ:
(Aleksandar and Janevski, 2011) is received signatl
strength, cost of the radio access technology,dspée

the mobile terminal and QoS like Delay and bit rate
The input parameters are optimized using fuzzyclogi
controllers, genetic algorithm, particle swarm
optimization and multi criteria decision making . s .
algorithm for decision making of RAT. The authors selec(';|o|f]1 of W¥VAN or W_L'IAN' Thedl!ngwstl((:j Vﬁ“%bleh

(Alkhawlani and Ayesh, 2008) proposed the accesgPc€d has 3 Tuzzy sets: low, medium and high. The

network selection based on Fuzzy logic and Genetit?"9¢ of the variable speed is set between 0-18.km/

; : L The system has one input (TV) and two outputs
algorithm. The authors designed a general mukidat
so%]‘tware assistant that can gconside% user, opeesatr (TVC1 and TVC2) related to the access networks of

the QOS view points. WWAN and WLAN. The inputs are fed into the fuzzy

In the proposed work, the input parameterscontroller and outputs are obtained. When the spéed

: . : the mobile terminal is low, then the probability of
considered for selection are signal strength, spéé#ue . . ' . -

: : election of WLAN will be larger and if the speadhigh,
mobile terminal and_ network coverage of two acce?%he probability of selection of ?NWAN will be Irr:\rger ’
networks and Quality of Service parameters. In this
work, network coverage of both networks is consder

for the selection of best RAT. This study uses yuzz FuUZ2 logic controller for network coverage of radio
logic controllers and multi-objective decision magi 2ccesS technology networks: This system has two

algorithm employing weighting function and Particle INPuts (NC1 and NC2) where NC1 describes the
Swarm Optimization algorithm for the selection of Network coverage of WWAN and NC2 describes the
RAT. The proposed framework is explained in Fig. 2 hetwork coverage of WLAN and has two outputs TSC1
In this diagram, the input parameters of WWAN andand TSC2 which represents the probability of s&lact
WLAN are fed into the fuzzy logic controllers. The of WWAN and WLAN. The input variable NC1 and
output of the individual fuzzy logic controllerseathen  NC2 have the range between 0-10. The input vasable
fed into the multi objective decision making algom  have 3 fuzzy sets: bad, medium and good and output
to decide the best Radio access technology networkariable have 4 fuzzy sets namely Y (Yes), PY
among WWAN and WLAN. (Probably Yes), PN (Probably No) and N (No).
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J. Computer <ci., 8 (5): 767-774, 2012

Signal strength -
FLC for Signal
strength Multi objective

decision

——> making —

algorithm

A 4

Speed of the

! FLC for Speed
terminal

A 4

T T RAT
selection

Network coverage FLC for Network

coverage Particle swarm

optimization for

to maximize the

FLC for Quality of percentage of
service satisfied users

A 4

Quality of service

A 4

Fig. 2: The proposed architecture of RAT selection

When the network coverage of WWAN is good and the given input criteria: SLC1, SLC2, TVC1,
network coverage of WLAN is bad then the probapilit TVC2, TSC1, TSC2, QoSC1 and QoSC2.

of selection of WWAN will be larger and when the Step2: Call Particle Swarm Optimization algorithm
network coverage of WLAN is good and network PSO with input arguments SLC1, SLC2, TVCL,
coverage of WWAN is bad then the probability of TVC2, TSC1, TSC2, QoSC1 and QoSC2. The

selection of WLAN will be larger. output from PSO is the percentage of satisfied

Fuzzy logic controller for Quality of Service: Quality users §) as explained in Eq. 1.

of Service depends on the two paramerters packay de
and packet bit rate. This system has two inputsSQo
and QoS2) where QoS1 describes the delay of pack
and QoS2 describes the packet bit rate and itas t
outputs namely (QoSC1 and QoSC2) which representdtep3: Comparison is made between WWAN and
the probability of selection of WWAN and WLAN. The WLAN using IF-THEN condition to select the bestlcel
delay ranges between 0 to 1000ms and bit rate sange  If WWAN >WLAN

£ = PSO (SLC1, SLC2, TVC1, TVC2,
JJSCL, TSC2, QoSC1, QoSC2) 1)

between 0 to 350 kb/s. By decreasing the valueetzfyd Then WWAN is selected

and by reducing the value of bit rate, the prolplif Else if WWAN==WWAN

selection of WWAN will be larger. It is also conded Then WWAN/WLAN can be selected

that by increasing the value of delay and by insiren Else  WWAN<WLAN

the value of bit rate, the probability of selectioh Then WLAN is selected

WLAN will be larger. End

Algorithm: The Proposed Hybrid Multi Objective Step4: Stop the process when computation is done for
Decision Making Algorithm employing Weighing all the number of users and the vala} dives
function and Particle Swarm Optimization. the percentage of satisfied userg) (P

The main objective of this algorithm is to perform
the best selection of access network and to maleimizParticle svarm ootimization: The Particle Swarm
the percentage of the satisfied users. It is ingmbrto S plimization.
design a suitable decision making algorithm for theOptimization (PSO) f|r§t introduced by Kenedy and
selection of best access network among WWAN andFPerhart (1995) and Shi and Eberhart (1999). .
WLAN. In this algorithm, a new weighing function is  The basic idea of PSQ is as follows: the poputatio
introduced and Particle Swarm Optimization is ufed IS called aswarm and the individuals (i.e. the search
the maximizing the percentage of satisfied usere T Points) are callegarticles. Each particle represents a
proposed multi-objective decision making algorithm possible solution to the optimization task at habaich
employing Weighing function and Particle Swarm particle moves during each iteration with an adalgta
Optimization algorithm is as follows: velocity within the search space and retains a nmgmo

of the best position it ever encountered. In thabgl
Stepl: Input the results obtained from the evaluation ofversion of the PSO, the particle is attracted tolwahe
input variables through fuzzy logic systems forlocation of the best fitness achieved so far by the
770
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particle itself and by the location of the beshdits
achieved so far across the whole swarm.

A particle has the following information to make a
suitable change in its position and velocity:

A global best that is known to all and immediately

updated when a new best position is found by amf\letl— SLC1+TVC1+TSC1l+ QoS1

particle in the swarm (gbest)

particle has seen (pbest)
Velocity update Eq. 2 is given by:

Vp=Vy + C1 *r1* (Pbest,n
—Current position[n]) +
C2*r2*(Gpest n—Current position[n]) (2)

Using Eg. 3, a certain velocity that graduallysget
close to pbests and gbest can be calculated. Trnentu
position (searching point in the solution space) ba
modified by the following equation:

CurrentPosition [n+1] =
CurrentPosition [n] + V. 3)
Where:

V1 Velocity of particle at n+1 th iteration

V. Velocity of particle at nth iteration

C1: acceleration factor related to pbest

C2: acceleration factor related to gbest

rl: random number between 0 and 1

r2: random number between 0 and 1

Gpestn gbest position of swarm

Poestn Pbest position of particle

Current Position [n+1]: position of particle at rikl
iteration

Current Position[n]: position of particle at nthriation
Ve ¢ particle velocity at n+1th iteration

Algorithm: particle swarm optimization (SLC1,
SLC2, TVC1, TVC2, TSC1, TSC2, QoSC1, QoSC2):

This algorithm takes as input argument the outputstepé:

from four fuzzy logic controllers and gives the
probability of selection of satisfied users (SS)sTh
algorithm is as follows:

Stepl: Select the number of particles, generations,

tuning accelerating coefficients C1, C2 and

random numbers rl, r2, to start the optimal

solution searching.

Initialize the particle position with the
parameters SLC1, SLC2, TVC1, TVC2, TSC1,
TSC2, QoSC1 and QoSC2.

Step2:

Step3: Evaluate the fitness function The weighing
function Netl as given in Eqg. 4 is got by
summing the outputs of WWAN selection of 4
fuzzy logic controllers and dividing it by the
total number of input parameters.

(4)

total number of input paramete

The local best, which is the best solution that the

Similarly, the weighing function Net2 for WLAN
as given in Eq. 5 is got by summing the outputs of
WLAN selection of 4 fuzzy logic controllers and
dividing it by the total number of input parameters

_ SLC2+ TVC2+ TSC2 QoS2
total number of input paramete

Net2

®)

If the Received Signal strength of WWAN >
Received Signal Strength of WLAN, then the Eq. 6 is
followed else Eq. 7 is followed:

Z= Netl/Net2 (6)
Else:
Z=Net2/Netl @)

End

If Z > 1 then the no. of satisfied useg} n Eq. 8
as given below is taken as the objective functmrtlie
particle swarm optimization.

e=¢g+l

(8)

Stepd: Select particles individual best value for each
generation. Select the particles global best value,
i.e. particle near to the target among all the
particles is obtained by comparing all the

individual best values.

Update particle individual best (p best), global

best (g best), in the velocity Eq. 2 and obtain the
new velocity

Update new velocity value from the Eq. 3 and

obtain the new position of the particle

Find the optimal solution by the updated new
velocity and position and return the number of
satisfied users to the previous algorithm.

Step5:

Step7:

RESULTS

This section presents the details of the simutfatio
carried out on the datasets randomly created to
demonstrate the proposed work for the selectioth®f
radio access network. This study is developed in
MATLAB environment.
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Fig. 4: Chart for Radio Access Technology selectidth different number of users

The details of the simulation and the performarfdb®  probability of selection of WLAN is higher. The tas
proposed system are presented here. Two acceds poitwo graphs says that by decreasing the delay and by
considered for selection which are WLAN and WWAN. decreasing the bit rate, the probability of setectof
Users have to select the best access network betwe®/LAN is larger and by increasing the value of delay
these two networks. A dataset consisting of 10@0us and by increasing the value of bit rate, the prditab
each having the signal strength, speed and networdf selection of WWAN is larger.
coverage of these networks and Quality of Service i
considered. This work was carried out in Intel cOre DISCUSSION
processors with 2.26 GHz speed and 2GB RAM.

The Fig. 3 shows the graph obtained from the 4  This section discusses about the simulation result
fuzzy logic controllers signal strength, speed b€ t and compares the performance of the proposed work
mobile terminal and network coverage of the network \,iih other four different algorithms. Figure 4 stethe

and QoS. In Fig. 3, the first two graphs concluthes - ; ;
when the value of SL1 (signal strength of WWAN) is fr?g]p?r:fofr‘]rs?f ;Iheorr')trr(l)r‘?lossedMe}EZEII'tgm(MWcl)tt?'I:trt])ere' dl
increased, the probability of selection of WWAN is 1S, : gori ! !

Radio Access Technology

larger and when the value of SL2 is increased, th ;
probability of selection of WLAN is larger. Selection) as proposed by the authors (Aleksandar

The next two graphs concludes that by increasin@nd JaneVSki, 2011) where Particle swarm Optlmmatl
the speed of the mobile terminal, WWAN network isgenetic algorithm and multi criteria decision makin
selected and by the decreasing the speed, WLANIgorithm for the selection of RAT. The second
network is selected. The next two graphs concltiias  algorithm is referent FGA and third algorithm is
by increasing the network coverage of WWAN, therandom based RRM where the users are assigned
probability of selection of WWAN is higher and by randomly to the two networks and fourth algorithen i
increasing the network coverage of WLAN, theservice-based RRM. Figure 4 shows Values. The
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horizontal axis shows the number of users whileAleksandar, T. and T. Janevski, 2011. Efficientioad

vertical axis shows the,Ralues. From this chart, it is access technology selection for the next generation
understood that there is great improvement in the Wwireless networks. Int. J. Res. Rev. Next Generat.
number of the satisfied users in the proposed isolut Netw., 1. 14-25.

can be seen. Alkhawlani, M. and A. Ayesh, 2008. Access network

With less number of users (e.g., 100 or 200 users) Selection based on fuzzy logic and genetic
in the Scenariol the proposed work shows better algonthms. Adv. Artif. Inte”., 08: 1-12. DOI:
behavior from well known algorithms including 10.1155/2008/793058
Referent FGA, Random based RRM Service base&sif, SZ, 2007. Wireless Communications: Evolatio
RRM and M-RATs. The results pertaining to the to 3G and Beyond. 1st Edn.,AI‘teCh House, BOStOﬂ,
probability of assignment of users to the best R ISBN-10: 1596930225, pp: 281. _
between 85-90% for all the number of users. Thys, bFalowo, O.E. and H.A. Chana, 2008. Joint call
using the proposed multi-objective decision making  admission control algorithms: Requirements,
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selected for the user. Commun., 31: 1200-1217. DOI:
10.1016/j.comcom.2007.10.044
CONCLUSION Hassan, S.S. and R. Hassan, 2011. IPV6 network
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optimization based on fuzzy controller has been  Nov. 27-Dec. 1, IEEE Xplore Press, Perth, WA ,
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