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Optimizing the balance between different handover parameters for network selection is one of the challenging tasks for seamless
communication in heterogeneous networks. Traditional approaches for network selection are mostly based on the Receive Signal
Strength (RSS) from the Point of Attachment (PoA) of a network. Most of these schemes are suffered from high handover delay,
false handover indications, and inappropriate network selection for handover. To address these problems, we present an optimized
network selection scheme based on the speed of a mobile node. A mechanism based on two different thresholds on the speed of a
MobileNode (MN) is integrated in the proposed scheme. If the speed of anMN is greater than any of the threshold, theMNperforms
handover to a particular network. We employ Grey Relational Analysis (GRA) in the proposed scheme to select the best PoA of the
selected network. Similarly, to deal with false handover indications, we proposed an optimized handover triggering technique. We
compare our proposed schemewith existing schemes in context of energy consumption for scanning, frequent and failed handovers,
packet loss ratio, and handover delay.The proposed scheme shows superior performance and it outperforms existing schemes used
for similar purpose. Moreover, simulation results show the accuracy and performance of the proposed scheme.

1. Introduction

The aim of 4G networks is to provide generic connectivity
among heterogeneous networks. With the advancement of
new networks such as Long Term Evaluation (LTE), WIFI
ac draft and WiMAX rel 2 provide high data rate and better
connectivity to the end users. To access multiple networks an
MN must be equipped with multiple interfaces. To ensure
continuous connection among heterogeneous networks an
MN must perform seamless switching from an Access Point
(AP) or Base Station (BS) of a network to another AP or
BS. This seamless transfer from one network to another
can be possible if either an MN is already registered with
all of the networks or there is a central system responsible
for the registration of an MN. A seamless transfer of an
ongoing session from one network to another network is
calledVerticalHandover (VHO).TheVHOenables anMN to
move inside heterogeneous networks and perform handover
to any network regardless of the breaking of connection.

There are a number of parameters affecting a network
selection process during VHO; these are velocity of an MN,

RSS from the current PoA, energy required for scanning
different networks through different interfaces, network con-
nection time, and so forth. A handover process can be cate-
gorized in three stages, (1) handover initiation, (2) network
selection, and (3) handover execution. Handover initiation is
the task of starting a handover process when the connectivity
between MN and current AP/BS drops below a particular
level of RSS. Network selection is the task of selecting an
appropriate target PoA, radio link transfer, and channel
assignment. Handover execution illustrates the indication of
successful completion of the entire VHO process. The RSS
from an AP/BS is the most widely used criterion for network
selection because of its simple measurement and its direct
relation with Quality of Service (QoS) of a network.

The IEEE 802.21 Media Independent Handover (MIH)
provides seamless mobility between all families of IEEE
technologies and 3GPP [1]. The MIH standard transfers
the information of handover from lower layers (logical link
layer) to upper layers (network layer). In the heart of MIH
standard their lies a MIH function.Themain functionality of
MIH standard is performed by the MIH function. The MIH
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function provides interconnectivity between different ser-
vices of MIH standard. But, the standard requires dynamic
update of Media Independent Information Service (MIIS),
which stores the geographical information of all access
network operators available in a particular region. The MIH
standard triggers a handover process on the basis of RSS,
which is mainly suffered from false handover indications.
Similarly, MIH standard selects a new network on the basis
of RSS; that is, if the RSS from available networks are strong
enough to hold the incoming connection, the MIH standard
selects that particular network for handover. The selection
of a new network on the basis of RSS leads to some critical
problems like the following: (1) a network can provide better
RSS with no space for new connections, (2) network with low
QoS, (3) a network can be selected with high handover delay,
and (4) frequent handover in case of smaller radio coverage.
When an MN is moving with high speed inside the coverage
area of a WIFI AP, it performs frequent handovers. To avoid
frequent handovers a number of schemes were proposed in
literature but unfortunately these schemes do not provide
a generic seamless transfer of an ongoing session from one
network to another. Therefore, in a heterogeneous network
environment a dynamic network selection mechanism will
provide an MN with seamless connectivity and better QoS.

In last couple of years, various network selection schemes
have been proposed. Most of the schemes do not consider
the current context and preferences of a user. Similarly, these
schemes perform handover on the basis of single param-
eter. Considering more than one parameter for network
selection leads to two-dimensional cost functions. The first
dimension enables a user to request different services from a
network and second dimension represents the total cost of
the network against the requested services. The cost based
network selection can be further categorized in three different
parameters: weighting parameters, QoS parameters, and
network priority parameters. The context of all of these three
types of cost is different and it varies according to network
situation and availability. A network selection method can
be based on one of the types from these parameters. In last
decade, researchers introduce a number of schemes based on
these parameters [2, 3]. Multimedia technologies are rapidly
growing these days and researchers are trying hard to develop
sophisticated algorithm for transferring multimedia traffic
from one network to another. Softly transferring multime-
dia traffic during handover can be achieved by employing
high performance adaptive deblocking filters [4]. In future
generation of networks motion estimation techniques will
be used for transferring lesser amount of data during video
traffic over internet [5]. These techniques will help an MN
during handover from one network to another and thus it
will take less amount of handover delay and packet loss.
But unfortunately, none of the scheme considers the radio
coverage of anAP or BS for the handover initiation.Using any
of the above parameters can require high network connection
time and thus applying such schemes for fastmovingMNwill
lead to high packet loss and handover delay.

To deal with the aforesaid constraints, a network selection
scheme can be based on the requirements of an MN. These
requirements consist of communication cost, data rate, QoS,

and so forth. In last decade, various schemes proposed
optimized network selection schemes based on user prefer-
ences [6]. But still an MN has very little access to select a
network according to their requirements. A generic scheme
can be designed while keeping a balance relation between
user preferences and network centric approaches. The QoS
of a handover scheme can be enhanced while designing
a scheme which requires less amount of data for fetching
multimedia information to the MN during handover process
[7, 8]. Nowadays Internet ofThings (IoT) and Cyber Physical
System (CPS) are evolving very rapidly. Thus dealing with
such system and transferring data from one machine to
another with fast handover support are also a challenging
task. A generic handover system is needed which efficiently
transfers data from one machine to another with less packet
loss and without breaking of connection [9]. This proposal
can only be possible if a network access operator initiates
and executes handover process while network selection is
performed by the end user. Similarly, different network
selection strategies were developed to select an appropriate
network during a VHO process. These strategies are catego-
rized in four different parts, that is, Weight Product Method
(WPM), Multiplicative Exponent Weighting (MEW), Simple
Additive Weighting (SAW), Technique for Order Preference
by Similarity to Ideal Solution (TOPSIS), and GRA [10–12].
All of these strategies select a network on the basis of different
attributes like bandwidth, delay, packet loss rate, and cost.
GRA achieves better throughput and lower handover delay
than all of the other three schemes. The focus of traditional
network selection schemes was based on RSS and cost. But
with the passage of time researchers identify other related
parameters which are directly affecting a network selection
strategy. A diagrammatic representation of these parameters
is illustrated in Figure 1.

In order to optimize the working of a network selection
process, we proposed a model based on the speed of an
MN. The proposed scheme efficiently selects an appropri-
ate network for handover while considering MN’s current
speed. Moreover, the proposed scheme adopts GRA decision
mechanism for the selection of best PoA of the selected
network. The scheme significantly reduces the number of
false handover indications and packet loss ratio. Similarly,
the proposed scheme successfully reduces the frequent han-
dovers problems present in recent literature. Moreover, we
also introduce a handover triggering mechanism which
efficiently reduces the number of false handover indications.

The rest of the paper is structured as follows. Section 2
presents the related works of the existing models used for
similar purpose. Section 3 describes the working of proposed
scheme. Section 4 illustrates simulation and results and
finally Section 5 concludes the proposed scheme.

2. Related Works

In this section, we first present detailed study of handover
triggering techniques. Then, we discuss network selection
models that support our assumptions, focusing on showing
the differences from our approach.
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Figure 1: Parameters used for network selection.

2.1. Handover Triggering Techniques. Mobility robustness
optimization provides an MN with the support to detect and
correct three types of triggering issues, that is, too early, too
late, and to a wrong cell. Researchers proposed various tech-
niques to enhance the working of handover triggering, avoid
these three types of issues, and reduce the false handover
indications. If a handover is triggered too early it uses the
network resources in an inefficient way and an MN does not
succeed to connect to the target network. Similarly, in case of
too late handover the MN moves far away from the current
network and hence it disconnects from the current network
during handover to a target network. All of these three types
of issues are explained in Figure 2. Traditional handover
triggeringmechanisms aremostly based on RSS from current
AP/BS [13–15]. But RSS based triggering mechanisms are
unreliable and it is greatly affected by these three types of
issues. Therefore, researchers considered other parameters
like Signal to Interference and Noise Ratio (SINR), location
of an MN, and network conditions for handover triggering,
since, none of the schemes provide accurate results and
almost all of them suffer from false handover indications.

There are other techniques which periodically scan the
available networks. If the RSS of available networks becomes
greater than current network the MN triggered the handover
[16, 17]. These techniques fail when the RSS of the current
network drops below a particular level of RSS and still new
networks are not available. A technique based on optimized
adaptive handover triggering mechanism has been proposed
in [18]. The proposed scheme efficiently minimized the
network load to avoid link failure. Moreover, the proposed
scheme maximizes the resource utilization and hence an
MN can use the network with full potential. This trigger-
ing mechanism also significantly reduces handover latency
and handover dropping rate. Various handover triggering
schemes are based on the location services such as GPS
and Location Service Server (LSS) [19, 20]. The MN first
checks the RSS level if it drops below a predefined threshold
then the MN checks a decision function to determine
whether a handover is need to triggered or not. The decision
function collects different handover information from LSS.
However, these types of handover triggering mechanisms do
not evaluate the handover dropping rate. Recently different
schemes have been proposed for enhancing the quality of
the video and multimedia traffic [21]. These techniques play
an important role in triggering handover on the basis of
quality of multimedia information. But still different issues
exist like estimating the correct amount of data for handover
triggering.

2.2. Network Selection Schemes. Recently, various techniques
have been proposed for network selection during handover
in heterogeneous wireless networks. Most of the schemes are
based on the optimization of different parameters necessary
for handover. The optimization of these parameters reduces
the handover time and latency. With the passage of time
the numbers of new access networks are increased rapidly
and thus produced signaling overhead and other issues
related to a handover phenomenon. Similarly, the new access
technologies such as LTE-Advanced and Bluetooth 4.0 low
energy were introduced to save communication time and
energy. All of the recent technologies try to provide their
customer with the best QoS. The QoS of a network can
be enhanced if a customer is provided with a continuous
connection among different networks.

In order to assure required QoS for various applications
running by MN and to avoid frequent handover in het-
erogeneous networks, an Analytic Hierarchy Process (AHP)
method for network selection is introduced in [22].The AHP
selects a network on the basis of a decision and then assigns
each decision a particular objective. It performs decision
on the basis of different handover parameters like QoS,
communication cost, availability and reputation of a network,
and so forth.TheAHP combines the average of each objective
and then decides an appropriate network for handover. The
AHP method employed by different researchers for network
selection and its results are remarkable in selection ofWLAN
networks. But in case of cellular networks, the network
selection decision by using AHP is not up to the mark. A
similar scheme has been proposed to enhance the QoS of
a network by optimizing different handover parameters like
data rate and network connection time (handover delay and
time) in [23].The decision of handover is performed by using
fuzzy logic and analytic hierarchy approaches. The proposed
scheme obtains the context information like networks related
information, user preferences, and service requirements for
an efficient handover process. The MN periodically checks
the RSS level with the current AP/BS, if the RSS drops below
a particular level then the MN initiates network selection
phase. A network quality scoring function is defined to
evaluate the QoS of a network.The network with highest QoS
is selected for the handover.

A scheme based on the optimization of MIH standard
has been proposed in [24]. The scheme proposes a hierar-
chal discovery scheme for network selection. A number of
APs/BSs in a particular zone are connected to a zone MIIS
server. Similarly, the zone MIIS server is attached to the local
MIIS server and then to the globalMIIS server.When anMN
requires performing a handover, it checks the information of
the PoA of available access networks in zoneMIIS server and
if it is not available in the zone MIIS server it will transfer
this request to the local MIIS server. Doing this way the
load on single MIIS server is significantly minimized. The
appropriate network for handover is selected from nearby
MIIS server. The installment of the extra access routers on
each level will require more cost and management. If the
network information is not available in local and zone MIIS
server it will take greater time for network selection.
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Figure 2: Too early, too late, and wrong cell handover.

The energy consumption during selection of networks
is an important parameter and it needs to be considered
carefully. The energy consumption by an MN is directly
depending on the scanning of available networks during a
handover process. Different schemes based on the energy
efficient network selection for multimedia based applications
have been proposed in [25, 26].Theproposed schemes use the
concept of adapt-or-handover for balancing the multimedia
traffic during a handover process. The proposed scheme
saves energy which is consumed due to the insignificant
degradation in quality. The scheme obtains the information
of available networks and on the basis of these networks
the MN selects one of the appropriate networks for current
multimedia streaming. In order to optimize the energy con-
sumption of multiple interfaces, an energy efficient scheme is
proposed in [27].This scheme first obtains the information of
bands/channels used in certain areas. Based on the informa-
tion of bands/channels, the MN designs a two-step scanning
mechanism. In first step theMNdoes not scan those channels
which are not used in the area and secondly scans channels
with lower network density less frequently. Further each MN
is provided with the network density as it enters into a new
area. On the basis of previous experience of MNs a new MN
is provided with density of the region which is highly and low
visited. The MN then designs a scanning mechanism on the
basis of available information and thus significantly reduces
energy during scanning.

In last decade, researchers work hard to design energy
efficient scanning techniques. Traditional techniques were
mainly based on scanning through all interfaces. With the
passage of time two different techniques become famous for
scanning of available networks, that is, periodic and adap-
tive scanning. These techniques are optimized by different
researchers and most of the scanning techniques were based
on them. An energy efficient adaptive scanning algorithm
is proposed in [28]. The MN adjusts scanning time inside
a particular network using its speed. The speed of an MN

is changing randomly, but the proposed scheme considered
a fixed speed inside a particular network. Maintaining fixed
speed inside a particular network is a challenging job. Thus
this scheme cannot be adopted for the real world networks.
A scheme based on periodic scanning has been proposed in
[29]. The BS of a WiMAX network is assumed to broadcast
the information of available APs in its coverage. On the basis
of this information of available APs, theMN decides whether
to scan available networks or not.

All of the above network selection techniques are based
on different parameters. These schemes are good in a partic-
ular direction but not good for a generic network selection
scheme in heterogeneous wireless networks. Next generation
networks are growing rapidly and hence network selection
on particular parameter and objective will not be enough for
future use. Therefore, an MN should be provided with an
appropriate network for handover in heterogeneous wireless
networks.

3. Proposed Model

The proposed model operates in two stages where in stage
one a handover triggering mechanism is developed to reduce
false handover indications and in stage two network selection
scheme is used to provide an MN with appropriate network
and PoA.

3.1. Handover Triggering. A handover triggering mecha-
nism facilitates MN to initiate handover process when it
is required. The proposed model adopts threshold based
mechanism for handover initiation session. In other words,
handover is initiated if RSS from the current network drops
below a predefined threshold.The advantages of the threshold
based triggeringmechanism are reducing the number of false
handover indications and hence reducing total number of
handover failures to a network with overloaded APs/BSs.
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The time 𝑡 required byMN to remain connected to an AP/BS
with a speed V is shown by following equation (1):

𝑡 =
𝐷
𝑜

V
, (1)

where𝐷
𝑜
is the diameter of a serving cell.

Diameter is equal to the double of the radius r; hence (1)
becomes

𝑡 = 2
𝑟

V
. (2)

The radius of the coverage area of AP/BS is not exactly
circular and thus the propagation of signals at one direction
is different from another direction. Thus to avoid changes
of RSS in one direction from another we use an index 𝛾 as
shown in

𝑡 = 2𝛾
𝑟

V
. (3)

The total handover time must be less than the time
required byMN to remain connected to an AP/BS.Therefore,
the handover triggering point must be set as a distance equal
to (1 − 𝛾)𝑟. According to [30] RSS 𝑤

𝑏
at the border of the

serving cell is equal to

𝑤
𝑏
= 𝐾
1
− 𝐾
2
log ((1 − 𝛾) 𝑟) , (4)

where 𝐾
1
and 𝐾

2
are the antenna gain and path loss factor,

respectively.
We put a threshold of RSS level on the boundary of

coverage area of a PoA of a network. In our scheme, to avoid
false handover indications, the threshold 𝛿 is computed by
removing the path loss factor and the velocity effect on the
RSS from current AP/BS.Thus the final RSS (𝛿) for handover
triggering can be defined as follows:

𝛿 = 𝑤
𝑏
− 𝐾
2
log(1 − V𝑇

𝑟
) . (5)

When RSS from current AP/BS drops below 𝛿, the MN
initiates network selection stage by using a specific interface
based on the speed of MN. The proposed triggering scheme
integrates the velocity and handover delay for identifying the
appropriate RSS for handover.

3.2. Network Selection. When MN is moving at a high speed
in a coverage area of WIFI network, it requires frequent
switching from one AP to another since the radio coverage
of WIFI AP is small. This frequent switching leads to much
energy consumption, high packet loss, and breaking of con-
nection. To deal with such situation, an optimized network
selection scheme is proposed for handover based on the
speed of MN. We assume that MN moving in heterogeneous
networks has three different interfaces: WIFI, WiMAX, and
Cellular. When the RSS from the current AP/BS drops below
a particular threshold, it will initiate handover by selecting a
network on the basis of its speed. If the speed is slow, the MN
will scan the available networks through WIFI interface and
the rest of the interfaces will be in standby mode. Similarly, if

the speed is medium or high, the MN will select Cellular or
WiMAX networks, respectively. To support energy efficient
handover in this way, we implement a monitoring index
based on the speed of MN using

𝛼 = V(
𝜔

𝛿
)
1/𝛽

, (6)

where 𝜔 represents the RSS level at current location of MN.
We use two thresholds for network selection based on the

value of 𝛼: 𝛼
1
and 𝛼

2
. If the value of 𝛼 is less than 𝛼

1
, then the

MN turns on its WIFI interface and the rest of the interfaces
is turned off. If the value of 𝛼 is between 𝛼

1
and 𝛼

2
, it only

turns on its cellular interface, and if the value of 𝛼
1
is greater

than 𝛼
2
, it only turns on its WiMAX interface and the rest of

the interfaces are switched to standby state.
As shown in Figure 3, assume that the MN is moving

in a heterogeneous network consisting of WIFI, WiMAX,
and Cellular. Initially, MN is connected to WIFI AP1 and
gradually it moves away from AP1 and gets closer to BSw1.
When RSS from AP1 drops below the predefined threshold
𝛿, MN initiates network selection phase. If speed of MN is
greater than 𝛼

2
, MN turns off its WIFI and cellular interfaces

and only scans WiMAX network. MN finds a WiMAX BSw1
and sends a connection request to it. If its RSS level again
drops below 𝛿 inside the coverage area of BSw1, then theMN
checks the speed. If its speed is greater than𝛼

1
, thenMNscans

available networks with one particular interface and rest of
the interfaces are turned to standby mode. MN finds BSc3
and initiates handover to it. Finally, MN performs handover
to AP11, and this is because its speed is less than the 𝛼

1
.

Once MN decides a network for handover based on its
speed then it is important to select best PoA of the selected
network. There are different decision functions available
for this purpose like SAW, WPM, MEW, AHP, GRA, and
TOPSIS. AHP and GRA are the well-known mechanisms
used for selecting a PoA on the basis of different parameters.
We used GRA in our scheme to select the best available
PoA. GRA analyzes the relationship rank between discrete
sequences. We take one of the sequences as a user defined
sequence. A user will first obtain the highest values of each
objective and combine them in the user defined sequence.
After calculating the user defined sequence,MNwill compute
the Grey Relational Coefficient (GRC) of each sequence and
user defined sequence. MN compares the GRC value of
user defined sequence and another comparative sequence of
available PoAs. The PoA with highest GRC value is selected
for handover. To clearly demonstrate the working of GRA
used in proposed scheme, we use 𝑛 sequences (X

1
,X
2
,X
3
,

. . .,Xn) and each sequence has 𝑘 different objectives; that is,
𝑋
𝑖
= (𝑥
𝑖
(obj
1
), 𝑥
𝑖
(obj
2
), . . . , 𝑥

𝑖
(obj
𝑘
)) where i = 1, 2,. . .,n. In

the proposed scheme, we used eight different objectives, on
the basis of which we decide rank of a PoA. These objectives
include average throughput, delay, jitter, communication
cost, bit error rate, availability, response time, and packet loss
ratio.Thenext step in theGRAmechanism is to normalize the
sequence data. We therefore set three different conditions for
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normalization, that is, highest-the-better, lower-the-better,
and nominal-the-best as follows:

𝑥
𝑖
(obj
𝑗
) =

𝑥
𝑖
(obj
𝑗
) − 𝑙
𝑗

𝑢
𝑗
− 𝑙
𝑗

,

𝑥
𝑖
(obj
𝑗
) =

𝑢
𝑗
− 𝑥
𝑖
(obj
𝑗
)

𝑢
𝑗
− 𝑙
𝑗

,

𝑥
𝑖
(obj
𝑗
) = 1 −


𝑥
𝑖
(obj
𝑗
) − 𝑡
𝑗



max (𝑢
𝑗
− 𝑡
𝑗
, 𝑡
𝑗
− 𝑙
𝑗
)
,

(7)

where 𝑢
𝑗

= max{(𝑥
1
(obj
𝑗
), 𝑥
2
(obj
𝑗
), . . . , 𝑥

𝑛
(obj
𝑗
))}, 𝑙
𝑗

=
min{(𝑥

1
(obj
𝑗
), 𝑥
2
(obj
𝑗
), . . . , 𝑥

𝑛
(obj
𝑗
))}, and 𝑡

𝑗
is the target

value among the different values in a sequence of 𝑗 objectives.

A sequence is more preferable if its GRC value is greater.
We computed GRC for every sequence using

GRC
𝑖
=

1

𝑡obj

𝑡obj

∑
obj=1

Δmin + Δmax
Δ
𝑖
+ Δmax

, (8)

where 𝑡obj is the total number of objectives and Δmin and
Δmax represent the difference between two minimum and
maximum values of an objective in a sequence.

Once the GRC of each sequence is calculated, the MN
then selects the PoA having maximum GRC for handover.
The working of the GRA in proposed scheme is illustrated
in Figure 4.

The working of the best PoA selection among available
PoAs is illustrated in Figure 5. MN with multiple interfaces
is moving inside heterogeneous wireless networks which
decides access network 2 for handover using proposed
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network selection scheme. Access network 2 further consists
of 5 PoAs. MN is currently connected with PoA number
5 of access network 1 (PoA

𝑁15
). The PoA near to the MN

has greater GRC values because one of the objectives is
throughput which directly depends on RSS level form a PoA.
MN uses GRA on eight different objectives listed above for
PoA selection. The MN found that the PoA number 3 of
access network 2 (PoA

𝑁23
) has greater GRC value among

other PoAs. Thus MN selects PoA
𝑁23

for handover as an
appropriate PoA.

4. Simulation and Results

The proposed scheme is compared with existing schemes
used for reducing false handover indications and network
selection. Extensive simulations were performed to test the
accuracy and performance of the proposed scheme. The
proposed scheme is implemented in C++ language. The
random waypoint mobility model and random movement
trajectory are adopted for MN’s movement across hetero-
geneous networks. We assumed the movement of an MN
across three different networks, that is, WIFI, WiMAX, and
cellular networks.The network selection is tested for different
speeds of MN. The MN selects a network during handover
on the basis of the speed. The values of two thresholds (𝛼

1
)

and (𝛼
2
) are taken as 4 and 7m/s, respectively. Similarly, the

best PoA is selected while assigning random values to each
objective. The range for delay is taken from 10 to 100 (ms)

depending on the number of nodes. The response time is
depending on the availability and distance from a PoA. The
value of jitter is taken from 1 to 10 and its value depends
on the network. The average values of different parameters
like energy consumption, handover delay, frequent and failed
handovers, and packet loss are accumulated and compared
with existing schemes. Table 1 represents different parameters
used in simulation.

The proposed scheme requires less energy compared
to existing schemes [28, 29]. The MN scans only those
networks which are appropriate according to its speed. The
rest of the interfaces are in standby mode and hence a single
interface scanning consumes very less energy compared to
entire interfaces scanning. The existing techniques scan the
available networks through all interfaces during a handover
process.The proposed scheme selects an appropriate network
and hence an MN stays on it for more time. Thus frequent
handovers are also reduced due to which a significant amount
of energy is saved.The energy consumption of an interface for
scanning is computed using following equation:

𝐸 =

𝑛

∑
𝑖=1

𝑃
𝑖
× 𝑡
𝑠
, (9)

where 𝑃
𝑖
is the power required by an MN for scanning of a

PoA of an access network and 𝑡
𝑠
is the time required by an

interface for scanning.The value of 𝑖 is incremented until the
MN finds a new PoA for handover and 𝑛 is the maximum
number of tries for scanning.
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Table 1: Simulation parameters.

Parameter WIFI Cellular WiMAX
Cell radius (m) 100 500 500
Frequency (Hz) 2.47𝑒9 3.5𝑒9 3.0𝑒9

Path loss exponent (𝛽) 4.0 3.0 3.5
Transmission power (dBm) 15 27 25
Threshold (𝛿) (dBm) −60 −64 −64
Speed limit (𝛼) (m/s) >0 & ≤3 ≥4 & ≤6 >6 & ≤10

Figure 6 shows the performance of the proposed scheme
in context of energy consumption against the existing
schemes.

The proposed scheme selects a network on the basis of the
speed of an MN. If the speed of MN is higher than 𝛼

1
, then

selecting a WIFI network will lead to frequent handovers.
Most of the existing schemes do not consider the speed
of MN during network selection which leads to frequent
handovers.Therefore, probability of data and connection loss
increases due to frequent handovers. The proposed scheme
efficiently utilizes the speed parameter for network selection.
We compared proposed scheme with the existing scheme
in context of frequent handovers. The proposed scheme
significantly reduces frequent handovers. Figure 7 shows the
comparison of proposed scheme and existing scheme [31]
for a simulation time of two hours. The proposed scheme
performed very less number of frequent handovers, which
shows its accuracy and strength.

The optimal handover triggering scheme efficiently
reduces the number of failed handovers. The proposed
handover triggering scheme is not affected by too early and
too late handover issues. The proposed scheme triggered
handover on exact time andhence theMNsuccessfully selects
and handover to an appropriate network.The existing scheme
is highly affected by too early and too late handover issues
because of the poor triggering scheme [31]. Most of the
schemes in current literature perform handover on the basis
of RSS, which is not a good criterion for triggering a han-
dover. If MN requests a connection to an overloaded AP/BS,
the AP/BS provided the MN with information whether it has
more space available for new connections or not. Let 𝛾 be the
number of connections on an AP/BS as follows:

𝛾 = 𝛾 +

𝑁

∑
𝑖=1

𝐶
𝑖
, (10)

where 𝛾 represents the number of connections already there
on an AP/BS and 𝐶 represents a new connection arriving on
AP/BS.

The probability of blocking of new connections on an
AP/BS is given by

𝑃Block =
𝐶

∑
𝑖=0

(1 − 𝛽
𝑖+1
) × 𝑃
𝑖
, (11)

where 𝑃
𝑖
is the probability of a channel which is either busy

or available and 𝛽 is the state of an AP/BS whether in open
or closed state. We restrict the boundaries of 𝛽 to either 0
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Figure 7: Frequency of handovers.

(open state) or 1 (close state). In open state an AP/BS accepts
new connections and in closed state it does not accept new
connections.

The comparison of failed handovers in proposed scheme
and existing scheme [31] is plotted in Figure 8. The proposed
scheme performs very less number of failed handovers
because of the optimal triggering handover scheme.

The proposed scheme is compared with the existing
scheme in context of packet loss [32]. The proposed scheme
performs very less number of frequent handovers due to
which it suffers from a smaller amount of packet loss.
On the other hand, the existing schemes perform frequent
handovers due to which they experienced high packet loss.
The MN experiences high packet loss due to the frequent
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Figure 8: Number of failed handovers.

disconnection. The comparison of the proposed scheme and
existing scheme in context of packet loss is shown in Figure 9.

The existing scheme requires higher handover delay
because of the selection of inappropriate network for han-
dover [33]. When an MN selects an inappropriate network it
either reconnects to the appropriate network or reestablishes
the connection to the current network. This takes a long
time to redirect the traffic from an inappropriate network
and hence an MN suffers from a long handover delay. The
proposed scheme selects a network on the basis of its speed
and it always selects an appropriate network for handover.
The comparison of proposed scheme and existing schemes
compared in context of handover delay is shown in Figure 10.

5. Conclusion

In this research work, we proposed an optimized network
selection scheme based on the speed of an MN in heteroge-
neous wireless networks. We proposed two thresholds on the
speed ofMN.TheMN checks its speed against the predefined
threshold and according to its current speed it selects the
appropriate network. A WIFI network cannot be used for
fast MN’s movement, because of its smaller coverage area
and frequent handover problem. Moreover, the MN only
scans a particular network using a single interface. Thus the
energy consumption during scanning through all interfaces
is significantly reduced. The proposed scheme is compared
with the periodic and adaptive scanning in context of energy
consumption. The proposed scheme outperforms periodic
and adaptive scanning techniques in consumption of energy.
We integrate the functionality of GRA in our scheme to select
the best PoA for better handover performance. Moreover,
the proposed handover triggering mechanism significantly
minimized the number of false handover indications, failed
handover attempts, packet loss ratio, and handover delay.The
simulation results reveal that the proposed scheme achieved
10 to 15% performance gain over existing schemes.

Simulation time (min)
0 1 2 3 4 5 6 7 8 9 10 11 12

Pa
ck

et
 lo

ss
 ra

tio

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Proposed scheme
Existing scheme

Figure 9: Packet loss ratio.

Speed (m/s)
0 1 2 3 4 5 6 7 8 9 10 11

H
an

do
ve

r d
el

ay
 (m

s)

0

20

40

60

80

100

120

140

Proposed scheme
Existing scheme

Figure 10: Handover delay at different speeds.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

This work was supported by the IT R&D Program of
MSIP/KEIT (10041145, Self-Organized Software platform
(SoSp) for Welfare Devices). This study was supported by
the BK21 Plus project (SW Human Resource Development
Program for Supporting Smart Life) funded by the Ministry
of Education, School of Computer Science and Engineering,
Kyungpook National University, Korea (21A20131600005).



10 Mathematical Problems in Engineering

References

[1] “IEEE Standard for local andmetropolitan area networks—part
21: media independent handover,” IEEE Standard, 2008.

[2] T. Al Mosawi, H. Shuaib, and A. H. Aghvami, “A fast handover
scheme based on smart triggers and SIP,” in Proceedings of the
2009 IEEE 70th Vehicular Technology Conference Fall (VTC ’09),
pp. 1–5, Anchorage, Alaska, USA, September 2009.

[3] V. Andrei, E. C. Popovici, O. Fratu, and S. V. Halunga, “Solution
for implementing IEEE 802.21 media independent information
service,” in Proceedings of the 8th International Conference on
Communications (COMM ’10), pp. 519–522, Bucharest, Roma-
nia, June 2010.

[4] A. Paul, “High performance adaptive deblocking filer for
H.264/AVC,” IETE Technical Review, vol. 30, no. 2, pp. 157–161,
2013.

[5] A. Paul, Y.-C. Jiang, J.-F. Wang, and J.-F. Yang, “Parallel recon-
figurable computing-based mapping algorithm for motion
estimation in advanced video coding,” ACM Transactions on
Embedded Computing Systems, vol. 11, no. 2, article 40, 2012.

[6] P. Neves, J. Soares, S. Sargento, H. Pires, and F. Fontes, “Context-
aware media independent information server for optimized
seamless handover procedures,”Computer Networks, vol. 55, no.
7, pp. 1498–1519, 2011.

[7] A. Paul, “Adaptive search window for high efficiency video
coding,” Journal of Signal Processing Systems, pp. 1–6, 2013.

[8] H.-C. Tsai, B.-W. Chen, J.-F. Wang, and A. Paul, “Enhanced
long-range personal identification based on multimodal infor-
mation of human features,”Multimedia Tools and Applications,
pp. 1–17, 2013.

[9] A. Paul, “Graph basedM2M for IoT enviroment,” in Proceedings
of the 2013 Research in Adaptive andConvergent Systems, pp. 45–
46, Montreal, Canada, 2013.

[10] M. Lahby, C. Leghris, and A. Adib, “A hybrid approach for net-
work selection in heterogeneous multi-access environments,”
in Proceedings of the 4th IFIP International Conference on New
Technologies, Mobility and Security (NTMS ’11), pp. 1–5, Paris,
France, February 2011.

[11] F. W. Karam and T. Jensen, “Performance analysis of ranking
for QoS handover algorithm for selection of access network
in heterogeneous wireless networks,” in Proceedings of the 2012
21st International Conference onComputer Communications and
Networks (ICCCN ’12), pp. 1–6, Munich, Germany, August 2012.

[12] M. Q. Khan and S. H. Andresen, “A semi and fully distributed
handover algorithm for heterogeneous networks using MIIS,”
in Proceedings of the 17th IEEE Symposium on Computers and
Communication (ISCC ’12), pp. 145–150, Cappadocia, Turkey,
July 2012.

[13] Y. Luo, P. N. Tran, C. An, and J. Eymann, “A novel handover
prediction scheme in content centric networking using non-
linear autoregressive exogenous model,” in Proceedings of the
IEEE 77th Vehicular Technology Conference (VTC ’13), pp. 1–5,
Dresden, Germany, 2013.

[14] S. J. Bae, M. Y. Chung, and J. So, “Handover triggering mecha-
nismbased on IEEE 802.21 in heterogeneous networkswith LTE
and WLAN,” in Proceedings of the International Conference on
Information Networking 2011 (ICOIN ’11), vol. 10, pp. 1347–1360,
Barcelona, Spain, October 2011.

[15] Y. Yang, P. Yu, and W. Li, “Handover self-optimization mecha-
nism based on velocity for cellular networks,” in Proceedings of
the 2012 7th International ICST Conference on Communications

and Networking in China (CHINACOM ’12), pp. 606–610,
Kunming, China, August 2012.

[16] R. Silva, Z. Zinonos, J. S. Silva, and V. Vassiliou, “Mobility in
WSNs for critical applications,” in Proceedings of the 16th IEEE
Symposium on Computers and Communications (ISCC '11), pp.
451–456, Kerkyra, Greece, July 2011.

[17] S. Kunarak and R. Suleesathira, “Vertical handoff decision and
network merit for integrated wireless and mobile networks,”
in Proceedings of the 2011 Australasian Telecommunication
Networks And Applications Conference (ATNAC ’11), pp. 1–6,
Melbourne, Australia, November 2011.

[18] A. Jain and S. Tokekar, “Optimization of vertical handoff in
UMTS WLAN heterogeneous networks,” in Proceedings of the
International Conference on Emerging Trends in Communi-
cation, Control, Signal Processing & Computing Applications
(C2SPCA ’13), pp. 1–5, Bangalore, India, 2013.

[19] H. Huang and W. Hu, “A fast handover scheme based on
GPS information for IEEE 802.16e on high-speed railway,” in
Proceedings of the 2011 International Conference on Electron-
ics, Communications and Control (ICECC ’11), pp. 2408–2412,
Ningbo, China, September 2011.

[20] F.-Y. Leu and K.-C. Liang, “A location-based handoff scheme
based on IEEE 802.21 in heterogeneous wireless networks,” in
Proceedings of the 2011 5th International Conference on Innova-
tiveMobile and Internet Services in Ubiquitous Computing (IMIS
’11), pp. 571–576, Seoul, South Korea, July 2011.

[21] J. Shi, J.Wu, A. Paul, L. Jiao, andM. Gong, “Change detection in
synthetic aperture radar images based on fuzzy active contour
models and genetic algorithms,” Mathematical Problems in
Engineering, vol. 2014, Article ID 870936, 15 pages, 2014.

[22] H. Pervaiz and J. Bigham, “Game theoretical formulation of
network selection in competing wireless networks: an analytic
hierarchy process model,” in Proceedings of the 3rd International
Conference on Next Generation Mobile Applications, Services
and Technologies (NGMAST ’09), pp. 292–297, Cardiff, UK,
September 2009.

[23] M. Zekri, B. Jouaber, and D. Zeghlache, “Context aware vertical
handover decisionmaking in heterogeneouswireless networks,”
in Proceedings of the 35th Annual IEEE Conference on Local
Computer Networks (LCN ’10), pp. 764–768, Denver, Colo, USA,
October 2010.

[24] F. Buiati, L. J. G. Villalba, D. Corujo, J. Soares, S. Sargento,
and R. L. Aguiar, “Hierarchical neighbor discovery scheme for
handover optimization,” IEEE Communications Letters, vol. 14,
no. 11, pp. 1020–1022, 2010.

[25] R. Trestian, O. Ormond, and G.-M. Muntean, “Energy-quality-
cost tradeoff in a multimedia-based heterogeneous wireless
network environment,” IEEE Transactions on Broadcasting, vol.
59, no. 2, pp. 340–357, 2013.

[26] A. Paul, “Dynamic power management for ubiquitous network
devices,” Advanced Science Letters, vol. 19, no. 7, pp. 2046–2049,
2013.

[27] K. Doppler, C. B. Ribeiro, and J. Kneckt, “On efficient discovery
of next generation local area networks,” in Proceedings of the
2011 IEEEWireless Communications and Networking Conference
(WCNC ’11), pp. 269–274, Cancun, Mexico, March 2011.

[28] I. Joe and S. Hong, “An adaptive network scanning algorithm in
hybridwireless networks,” inProceedings of the 4th International
Conference onUbiquitous InformationTechnologies andApplica-
tions (ICUT ’09), pp. 1–4, Fukuoka, Japan, December 2009.



Mathematical Problems in Engineering 11

[29] C. Youngkyu and C. Sunghyun, “Service charge and energy-
aware vertical handoff in integrated IEEE 802.16e/802.11 net-
works,” in Proceedings of the 26th IEEE International Conference
on Computer Communications (INFOCOM ’07), pp. 589–597,
Anchorage, Alaska, USA, May 2007.

[30] Q.-T. Nguyen-Vuong, N. Agoulmine, and Y. Ghamri-Doudane,
“A user-centric and context-aware solution to interfacemanage-
ment and access network selection in heterogeneous wireless
environments,” Computer Networks, vol. 52, no. 18, pp. 3358–
3372, 2008.

[31] T.-Y. Chung, Y.-M. Chen, M.-Y. Lai, and C.-H. Hsu, “MACD-
based motion detection approach in heterogeneous networks,”
Eurasip Journal on Wireless Communications and Networking,
vol. 2008, Article ID 540873, 2008.

[32] M.-C. Chuang, J.-F. Lee, and M.-C. Chen, “SPAM: a secure
password authentication mechanism for seamless handover in
proxy mobile IPv6 networks,” IEEE Systems Journal, vol. 7, no.
1, pp. 102–113, 2013.

[33] J.-M. Chung, D. Lee, W. Song, S. Choi, C. Lim, and T. Yeoum,
“Enhancements to FPMIPv6 for improved seamless vertical
handover between LTE and heterogeneous access networks,”
IEEE Wireless Communications, vol. 20, no. 3, pp. 112–119, 2013.



Submit your manuscripts at
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Mathematics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Mathematical Problems 
in Engineering

Hindawi Publishing Corporation
http://www.hindawi.com

Differential Equations
International Journal of

Volume 2014

Applied Mathematics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Probability and Statistics
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Mathematical Physics
Advances in

Complex Analysis
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Optimization
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Combinatorics
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Operations Research
Advances in

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Function Spaces

Abstract and 
Applied Analysis
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International 
Journal of 
Mathematics and 
Mathematical 
Sciences

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Algebra

Discrete Dynamics in 
Nature and Society

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Decision Sciences
Advances in

Discrete Mathematics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014 Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Stochastic Analysis
International Journal of


