American Journal of Applied Sciences 11 (5): 732-739, 2014

ISSN: 1546-9239

©2014 Science Publication

doi:10.3844/ajassp.2014.732.739 Published Onlingb12014 (http://www.thescipub.com/ajas.toc)

AN INTELLIGENT VERTICAL
HANDOVER DECISION ALGORITHM FOR
WIRELESSHETEROGENEOUSNETWORKS

V. Anantha Narayanan, ?A. Rajeswari and 3V. Sureshkumar

L3Department of CSE, Amrita Vishwa Vidyapeetham, Coitole India
2Department of ECE, Coimbatore Institute of Technoldgyimbatore, India

Received 2013-12-13; Revised 2013-12-21; Accepted-B2113
ABSTRACT

The Next Generation Wireless Networks (NGWN) shobkl compatible with other communication
technologies to offer the best connectivity to thebile terminal which can access any IP basedcEnat
any time from any network without the knowledgeitsfuser. It requires an intelligent vertical haneio
decision making algorithm to migrate between tetdgies that enable seamless mobility, always best
connection and minimal terminal power consumpti@urrently existing decision engines are simple,
proprietary and its handover is only based on theeived signal strength which has been proven
unintelligent. The proposed decision algorithm gaintelligence by combining fuzzy logic system to
handle imprecise data, multiple attribute decisiwaking to handle multiple attributes for decisioakimg

and context aware strategies to reduce unnecekBaadover. The proposed intelligent decision alpaonit
detects new network which offers best connectititgn current network and does authentication and
mobile IP registration before making the handoteereby reducing the packet loss to ensure higlitgqua
of service. This algorithm is capable of forwardidgta packets to appropriate attachment point to
maximize battery lifetime and also to maintain Idamlancing. The performance analysis shows that the
proposed algorithm efficiently uses the networlotgses by switching between 3G and Wi-Fi under the
different RF environmental conditions to offer beshnectivity with minimal service cost to the usdt is
observed that average handover delay for the erpetiis 30-40ms and the integration of cellulamoek

with WLAN using the proposed intelligent decisidigaithm reduces the call dropping rate (<0.006) an
call blocking probability (<0.00607) as well as enessary handover in heterogeneous networks.

Keywords: Vertical Handover, Fuzzy Logic, Multiple AttributBecision Making, Context Awareness,
Make before Break

1. INTRODUCTION revenue on cost per mega byte. On the other hahidano
devices are featured with Wi-Fi capabilities and-RVi
Mobile device data traffic consumption is incregsin provides high data rate compare to cellular netaork
exponentially and it limits the quality of servipeovided  This feature of Wi-Fi allows integration of Wi-Fiith
to the user. Qualcomm (2011) has stated that nktwor UMTS network for seamless Wi-Fi offloading. Thisliwi
operators are attempting to address this problem byeduce the number of active users on the cellgarvork
upgrading their wireless WANs and deploying in busy hours and gives better user experience with
femtocells. However, these upgrades increase thieafo  excellent Quality of Service (QoS). But Ding al.
deployment on network operator and decrease thg2013) stated that 47% of the times, 3G usersaiag
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poor signal and 23% of the time Wi-Fi users arenfgc Kirsal et al. (2013) proposed a Markov model for
poor signal. This leads to poor coverage to alfsised  cellular/WLAN integration based on the policies.is'h
reduces data rate and implicitly increases the timemodel clearly differentiates requests originatimgtie
duration of the data transfer and power consumption  cellular system, from requests being handed owan fr
The development of IP based applications andWLAN to cellular system. This ensures that calladed
mobile terminal with multiple network interfacesadies ~ over from WLAN to cellular are not handed over bawk
the mobile terminal to access the service from anythe WLAN. But the prediction of user movement asth
network, at any time. Therefore these problemstman algorithm makes it complicated to deploy in mobile
addressed by integrating all available high dat ra terminal. The proposed algorithm reduces unnecgssar

wireless access networks. handover and call dropping probability by using tiple
attribute decision making algorithms.
1.1. Related Work Mehbodniyaet al. (2012) proposed a fuzzy logic

A number of proposals have been made for verticalbase_d multiple attribute decision making which udgs _
handover decision algorithms. This section revievest ~ '€Ceived signal strength, QoS parameters and mobile
of the algorithms with their significance. Qualcomm Velocity attributes with analytic hierarchy processa
(2011) designed a connectivity engine that usesl DuaWeighting scheme. Finally target network is seldcte
Stack Mobile IP for sending selected IP traffic to based on TOPSIS ranking algorithm. This algorithm
particular interface with support of simultaneo@ &nd works f|ne_ in indoor environmental conditions. Bu_t
Wi-Fi access. But the decision engine is based onoutdoor, it cannot perform well due to rapidly
received signal strength which has already beemegro changing RF conditions. The proposed algorithm
as an unintelligent solution. This bottleneck islm$sed  handles this problem by taking context aware sgiete
in proposed approach using multiple attribute denis in decision making algorithm. Reddy aiby (2013)
making algorithms. Buburuzan (2009) presented a newproposed an algorithm based on the dwell timer for
handover model derived from the IEEE 802.21 stahdar eliminating ping pong effect by reducing the shadow
which allows the seamless integration of broadcastfading effect. But using dwell timer for individuakers
technologies in a wireless heterogeneous envirohmenbased on their needs is not feasible. This bottlere
But it leads to major changes in the core architecbf handled by using fuzzy based multiple attribute
Cellular-UMTS architecture. The proposed algorithm decision making algorithms for deciding when and to
applies decision algorithm over the cellular-UMTS which network, it has to handover.
integration architecture which does not require any Datta et al. (2012) proposed Analytic network
change in the core architecture. process based optimum network selection algorithm

Gowrishankar et al. (2009) have used only ging network traffic load, velocity of mobile stat,
bandwidth, bit error rate and network traffic f@armudover reliability, data rate, usage cost with the consitlen of

decision making and concluded that vertical handove vehicular communication system. Lahley al. (2012)

problem needs an intelligent criteria based teakmiq ) . .
The results are evaluated only based on handoveproposed optimal network selection algorithm based

dropping probability and new call blocking probityil analytic network process and grey relational anglys

The proposed algorithm uses fuzzy-multiple attebut Maaloulet al. (2013) and Johnsaat al. (2013) have
decision making to gain the intelligence and theults ~ Presented a novel context aware vertical handover
are evaluated based on call blocking probabiligi] ¢ @lgorithm based on multiple attribute decision maki.
dropping probability, average handover delay andand the results have shown that algorithm avoids
computation time. Cheret al. (2012) proposed a unnecessary triggered handover. But in all these
scheme based on bandwidth, dropping probability andapproaches, the imprecision of the attributes used
cost parameters as the metrics for the networlcsetfe  handover decision cannot be handled by analytic
function. These values are placed in target vigitin network process. The proposed algorithm handles the
network to reduce the processing delay. The metricgmprecision of attributes by incorporating fuzzygio
collected are not stable in nature due to rapidlywith multiple attributes decision making. Marquez-
changing RF conditions. It requires frequent Barja et al. (2012) used geo-location, context
distribution of the collected metrics which increaghe  information and route calculation for handover digi
network traffic. The proposed algorithm handlessthi making to improve the performance of handover.
problem by processing the collected informatioraldc ~ Valenzuelaet al. (2012) has developed network selection
in mobile terminal itself. based on the quality of experience and traffic loathe
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target networks. But these two approaches do nof2.1.2. Context Aware Metrics

consider about the formal attributes that play® riol . .
handover decision making. Context aware metric strategy includes RSSI, QoS

The proposed algorithm combines fuzzy logic Parameters, battery status, mobile velocity, curren
system with multiple attributes decision making uplink and downlink speed.
FMADM) to handle multiple attributes and their . .
i(mprecisiz)n through fuzzy Iggic system. To make the 2.1.3. Terminal Related Metrics
decision engine more intelligent, FMADM uses the Terminal related metric includes all parameters
context aware strategy by taking the current stafus re|ated to the mobile terminal and its capabiliti®se
the target network and the application resourcep,rameters are mobile velocity, battery power, tioca

requirements into consideration. Finally it applies ; - . :
“make before break handover” to minimize the paCketmformatmn and its supported access technologies.

loss during the handover. 2.1.4. Application/Service Related Metrics
2 MATERIALSAND METHODS Application/Service related metric includes thpeay
of service and its capabilities, QoS needed bys#reice
2.1. Handover Information Gathering and application profile. Some of the mentionedecid

are static and dependent on the mobile and network

The input parameters from the mobile device to theterminal, whereas application profile, mobile temadi
algorithm includes received signal strength indicat velocity, bit rate, location information, coverage,
network coverage, mobile velocity, data rate, sEvi bandwidth, latency, link quality, carrier to interénces
cost, battery power requirements and network Iatenc ratio, signal to interferences ratio are dynamidrive
Based on the user profile and service, the impoddao .
these attributes will vary. This phase is done 2.1.5. User Related Metrics
periodically for gathering information about the User related metrics includes all parameters edlat
interface  statistics, current radio environment i the user profile and preferences.
information, application priority scores and user
preferences. This collected information is used to2.2. Handover Decision Algorithm
decide whether handover is needed. These inputs are
fed into decision engine for making decision about
handover. Some of the collected information isistat
and some are dynamic as giverTiable 1.

The proposed algorithm uses mobile controlled
vertical handover, because only mobile has the
knowledge about unplanned Wi-Fi networks. Due to
limited resources in mobile devices, the decision
2.1.1. Network Related Metrics algorithm should be easily computable and should be

Figure 1 shows all the handover related energy effici_ent by means of lesser processing .t_ime
attributes. Network related metric includes coverag More over it should have the capability of making

bandwidth, latency, link quality, carrier to interénces ~ decision on multiple attributes for intelligent dson.
ratio, signal to interferences ratio, bit erroetanonetary ~ Multiple attributes includes application prioritgcses,

cost and security level. interface policy score and user objective scores.
To make handover decision based on the context,

Table 1. Handover informatipn for wir(_aless netyvorks the proposed algorithm uses context aware scheme by

RSSI Typical downlink ~ Service N collecting current network characteristics incluglin
Network (dBm) (Mbps) cost Mobility RSSI, QoS parameters, battery status and mobile
GSM/GPRS -45t0 __ 9.6to 144kb/s __ High _ High _' P , battery : _

-115 velocity. These collected metrics are assigned with
UMTS -4151é0 3.14 High  High predefined weights and then passed to fuzzy based
Wi-Ei: 25 10 5 Low Low multiple attribute decision mak-lng scheme. These
802.11b -95 collected analog values from different networks are
\é\gé':ilil -Zgéo 20 Low  Low normalized into common scale (out of 10 scales) and

A1g - . .

Wi-Fi- 25 10 270 Low Low passed into the fuzzy logic ;ystem. Analog valuapoa
802.11n -95 be processed by the fuzzy logic systems (Mehboanigla
IEEE 802.20 Not known 1-9Mb/s High  Veryhigh 2012); it should be converted to linguistic values.
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Application priority scores Interface policy scores User objective scores

Interfaces Service cost

Real time Supported data rate Quality of service
None real time Mobility ’
Coverage
l Collected metrics from network
RSSI
QoS

Network score Battervy status

Mobile velocity

Fig. 1. Handover information gathering

Discovered . ~ )
network > RSSI=Threshold p|  Collect handoff > Normalize the
mefrics metrics
User preferences 5| Weight assignment
based on service

l

Fuzzy MADM

Yes
. Apply analyvtic I
Apply ma.kibetore Select the optimal hierarchv process to oo - Te Handoff dropped
break handoff scheme candidate network rank candidate network off value= 0.7

|

Handoff execution

Fig. 2. Working flow of intelligent vertical handover dsimn algorithm

So these input parameters from the mobile noddeate 2.3. Handover Execution

into a fuzzifier and transforms them into fuzzysseased . . e
membership functions. Once the best suited network is identified in hamido

These linguistic values are fed into the fuzzy decision phase then handover execution phase makes
inference engine. Then a set of fuzzy IF-THEN rules Make before break handover and does the regular
are applied to obtain the fuzzy decision sets. Fuzz authentication and mobile IP registration. Once the
output decision sets include linguistic values like Selected network interface becomes active then the
Strongly Yes, Yes, Uncertain, No and Strongly No. decision algorithm seamlessly routes the trafficthe
The output fuzzy decision sets are combined into aSelected interface with minimum packet loss.
single fuzz_y set and passed onto the Qefuzzmetneto 2.4. Working Flow of Proposed Algorithm
converted into handover decision metric value. Base _ _
on this value, handover decision will be made. juzz Figure 2 shows the flow diagram of the proposed
based strategy performs handover decision byintelligent vertical handover algorithm. The haneov
choosing the appropriate time and the most suitablenformation gathering phase does the network disgpv
access network according to user preferences. in periodical manner, to identify the new netwo@kce
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a network is found, it will check whether it ha® thood
RSSI and quality for reducing the processing forakve
network. If it satisfies the threshold value thegathers
all the handover metrics.

Since different technology has different scale of
metrics, it normalizes all the values in commonlesca
Then all the attributes are assigned with prefeweidht
and user preference also taken into decision iiter
These normalized parameters with preferred weight w
be fed into fuzzy logic systems and to multipleibatite
decision making scheme. If the candidate netwotts ge
handover probability greater than 0.7 (optimal ejlu
then it is assigned with rank by Analytic Hierarchy
Process (AHP). Based on the score of candidateonketw
the best network interface will be activated.

3. RESULTSAND DISCUSSION

and user preferences. The proposed algorithm igpesl s
strength, quality of service, service and secusiitions.
The decision algorithm uses common parametersge su
port integration of all high data rate technologiBsit
currently, most of the mobile phones and laptop
machines have the support for only Wi-Fi and 3G
connectivity. So for implementation, only these two
technologies have been taken in to account.

Weights are assigned using trial and error method
which offers better decisioif.able 2 shows the preferred
weights for 3G and Wi-Fi. Wi-Fi network prefers nileb
velocity and service cost while 3G prefers received
signal strength and remaining battery capacity.

Figure 3 shows the utilization of resources by
mobile terminal with the help of data acquired gsin
device analyzer application. If we look at the tatata
used, data from 3G is higher even in presencecef\vi-

The proposed approach has been imp|emented |rF| hOtSpOt. It uses 3G network even if it has poor

Ubuntu based machine for measuring accurate effigie
and effectiveness of the proposed algorithm.

The proposed algorithm uses signal strength, tyuali
of service, service cost, power requirements, reobil
velocity, location information, data rate, netwdakency

Table 2. Preferred weights for 3G and Wi-Fi

connectivity. Even in the presence of many free RiVi-
hotspots, the mobile was depended on the 3G network
for its data usage. Even under poor received sighal
mobile has transferred high data volume in 3G, tvhic
leads to heavy energy drain.

Preferred weights for 3G network

Preferred weidbtaVi-Fi network

Handover metrics Real time Non real time Real time n Nzl time
Remaining battery capacity 0.154 0.148 0.154 0.148
Received signal strength 0.105 0.095 0.085 0.075
Link quality Indication 0.168 0.098 0.168 0.098
Data rate supported 0.126 0.092 0.126 0.102
Network latency 0.092 0.082 0.092 0.082
Service cost 0.088 0.088 0.108 0.102
Mobile velocity 0.113 0.213 0.153 0.213
Network coverage 0.122 0.222 0.082 0.154
Security 0.032 0.026 0.032 0.026
1000
800 -
W Data Usageln 3G
600 - (MB)
B Data Usage In Wi-
400 Fi (MB)
200 -
D —
Mavy June July Aug
Fig. 3. Utilization of resources in mobile terminal
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Fig. 4. Membership values of handover metrics and handanadyability for Wi-Fi network from 3G
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Fig. 5. Packet loss analysis of proposed algorithm

Figure 4 shows the membership of the selected Figure 7 shows the data transferred using 3G and
handover metrics including data rate, battery statu Wi-Fi using proposed algorithm. It clearly showattthe
(bstatus), Network latency (latency), service dgsbst) ~ Proposed algorithm efficiently uses the resourcgs b
and probability to make handover to the particular SWitching between 3G and Wi-Fi. The proposed

candidate network. In decision engine text areclearly ~ @l90rithm has been tested under different RF
shows that running time of this approach to makeenwronmental conditions for measuring its effeetigss.

ST . T : . Call dropping and blocking probability are the most
decision is just 2ms. This running time is relayviess important factor in traffic usage during the hangiov

when compared to other approaches. The experiment was conducted with total numberQgf 5
_ Figure 5 shows that when number of handover cqis: the calling rate was 20 h, call holding times 120
increases the packet loss also increases due to higseconds, It was observed that the total numbetoekbd
signaling load. But still the proposed algorithnoss it call was 3 and dropped call was 2.

has high throughput with minimum number of packssl|

Figure 6 show that when number of handover increases,Blocking Probability = (Number of lost call§jotal
the Round Trip Time (RTT) also increases. But & hary number of offered calls)

minimal deviation (< 4ms). The average handoveayel Drop call rate = (Number of dropped calléNo of call
for this experiment has been observed as 30-40 ms. attempts)
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Fig. 6. Average RTT analysis of proposed algorithm
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Fig. 7. Efficient resource utilization with proposed aldgbm

Blocking Probability in busy hours = 3 / 494 = (600 during the handover as recommended by Cisco Systems
Drop call rate in busy hour= 2/500 = 0.004 This decision algorithm efficiently uses the netkor
Blocking Probability in busy hours with handover resources by switching between 3G and Wi-Fi unber t

=3/494 = 0.00607 different RF environmental conditions to offer best
Drop call rate in busy hours with handover connectivity with minimal service cost to the usdtss

= 3/500 = 0.006 observed that average handover delay for the axpeti

is 30-40 ms and the proposed intelligent decision
4. CONCLUSION algorithm reduces the call dropping rate (<0.0@8))

blocking probability (<0.00607) as well as unneeggs

The proposed approach in vertical handover handover in heterogeneous networks.
decision algorithm using fuzzy logic-multiple abutes The proposed algorithm categorizes the application
with context aware strategy enables mobile terminal resource requirements into real time and non new. tif
make proactive decision based on user preferenu#s a application resource requirements are classifieacibx
QoS parameters. The performance analysis shows thajased on the requirement using software agentsthigen
the effectiveness of proposed algorithm in terms ofalgorithm would perform better. This work can be
minimal packet loss (<1%), running time (2 ms), extended to reduce the load on the decision engyjne
handover delay (<150ms), high bandwidth and efficie routing IP traffic based on the policy and synchring
resource utilization are based on the applicationschedule of users. User’s profile and usage pat@nrbe
requirements. This performance result shows that th learned using unsupervised learning algorithmseaust
proposed approach fulfills QoS requirements of audi of using rule based multiple attribute decision mgkn
video and data in terms of packet loss, handoviayde the decision engine for the future work.
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