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Abstract—With the advent of next-generation wireless
network technologies, vertical handover has become
indispensable to keep the mobile user always best connected
(ABC) in a heterogeneous environment, especially the significant
number of multimedia applications that require good quality of
service (QoS) for users. To handle this issue, an improvement of
modified Grey Relational Analysis (MGRA) to select the AlwaysSuitable-Connection (ASC) network has been proposed. Then,
Fuzzy analytic hierarchy process (FAHP) method has been used
to determine the weight of criteria. In order to validate our
contribution, the proposed method called E-MGRA has been
applied to obtain the ranking of suitable network. Finally, a
simulation has been presented to demonstrate the performances
of our developed approach to reduce the number of handovers
compared to the classical method.
Keywords—Component; vertical handover; network selection;
Quality of Service (QoS); Multi Criteria Decision-Making
(MCDM); Grey Relational Analysis (GRA); Fuzzy Analytic
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I. INTRODUCTION
The mobile technology revolution is growing day after day,
enabling mobile users to communicate anytime and anywhere.
This growth has led mobile operators to propose better
bandwidth and increase the capacity of the mobile network that
must serve all network customers. Face to these constraints,
operators must ensure the development of mobile networks
while ensuring a QoS adapted. With the diversity of wireless
networking technologies such as (3G, 4G, WLAN, WIFI, and
future 5G networks) [1], vertical handover become a necessity
for the mobile terminal to move between the available
networks without loss of connection. This step is based on a
selection of the best target network in a heterogeneous
environment. The selection process involves necessarily the
employment of decision-making algorithms such as MultiCriteria Decision-Making algorithms (MCDM). Many types of
researches dealt with MCDM algorithms has been applied in
different decision-making domains. MCDM is used to select a
better network during the vertical handover decision phase,
taking into consideration multiple decision criteria.
In the context of MCDM approach we recognize numerous
algorithms such as Analytic Hierarchy Process (AHP),
Distance to Ideal Alternative (DIA), Analytic Network Process
(ANP) to calculate the weight criteria, likewise others
algorithms to classifying alternatives suchlike Technique for
Order Preference by Similarity to Ideal Solution (TOPSIS),
VIseKriterijumska Optimizacija I Kompromisno Resenje
(VIKOR), ELimination and Choice Expressing Reality

(ELECTRE), Grey Relational Analysis (GRA). Most of these
algorithms realized with ABC [2] (Always-Best-Connection),
articulating on performance to choose the best network
destination, but with an inefficiency use of resources. To deal
with this problem we suggest an algorithm based on ASC
(Always-Suitable-Connection) to employ wireless networking
resources effectively.
The goal of this paper is to bring an improvement to
network selection decision based on ASC, by enhancing
MGRA method. For this reason, we involve the Fuzzy analytic
hierarchy process (FAHP) and AHP method to determine the
criteria of the decision. Afterward, we apply the enhanced
MGRA (E-MGRA) to classify the available network which to
bring considerable improvement in terms of QoS and reduce
the number of vertical handover in comparison with the
traditional method.
The remainder of this paper arranged as follows: Section 2.
presents related works of MCDM algorithms for network
selection and describes GRA theory. In Section 3, the
mathematical model of FAHP and AHP detailed. The detailed
process of our proposed method E-MGRA described in
Section 4. Then Section 5 describes the simulations and results
to assess our algorithms. Finally, Section 6 concludes this work
with some perspectives.
II. RELATED WORK
The network selection for next-generation networks has
become indispensable in the world of mobile networks; it is a
necessary step to ensure a ubiquitous vertical handover with
better quality of service (QoS) in a heterogeneous environment.
In these recent years, many researchers articulated to propose a
better wireless network selection algorithm in a heterogeneous
network.
In [3-5], the authors presented a study of vertical handover
process with major algorithms, and their different types.
Therefore, [6] several researches use received signal strength
Indication (RSSI) as an only criterion in the network selection
decision. Authors of [7] suggested an algorithm based on
averaged RSSI to select optimum network. In fact, using
simple RSSI will be incapable to meet the demands of the users
at the moment of a handover decision.
Decision making is based on various selection criteria such
as bandwidth, delay, user preferences, and packet loss. by dint
of this immense number of criteria, the multiple criteria
decision-making method (MCDM) is used in the handover
decision process. In this regard, [8,9] authors describe and
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compare different multiple attribute decision-making method
(MADM) algorithms as like simple additive weighting (SAW),
AHP, TOPSIS, ELECTRE, VIKOR.
Although, the most effective algorithms are based on
artificial intelligence using the techniques such as neural
network [10] and fuzzy logic [11]. Whereas, authors of [12]
investigate the use of FHAP and AHP to calculate weighting
criteria to resolve the MADM problem. In the same context,
Authors [13] suggest an algorithm based on Fuzzy AHP using
Battery energy as a new criterion. Otherwise, authors [14] have
compared the classical Fuzzy TOPSIS with an enhanced Fuzzy
TOPSIS method which demonstrates the performance of the
new FE-TOPSIS proposed. However, in [15] explore the
entropy weight method and GRA to obtain good performance
in a heterogeneous network. Similarly, authors of [16,17] uses
both the AHP and FAHP methods to determinate the weight of
criteria, then GRA algorithm is applying to obtain the ranking
of the candidate networks. As a result, this demonstrates better
ranking results obtained by GRA algorithm. Due to the
shortcoming of these algorithms, authors of [18,19] developed
an algorithm based on modified GRA (MGRA) by adopting
ASC which choose the most suitable network during the
vertical handover decision phase.
The purpose of this work is to investigate a new method
based on MGRA to optimizing the vertical handover problem
by improving the network selection decision in a
heterogeneous environment.

B. FAHP
The classical AHP method is a technique for analyzing
complex decisions. However, some researchers find that it
contains some weakness in the AHP method evoked by
SAATY, such as Yang and Chen [22,23]. The fuzzy AHP
technique is an advanced analytical method developed from the
traditional AHP it is a combination of fuzzy logic and
linguistic variables. The importance of fuzzy logic is to resolve
ambiguities in decision-making problems and the ability to
define vague data.
Fuzzy set and linguistic variables: Zadeh [24] introduce
fuzzy set theory that addresses uncertainty and vagueness of
human thought. It is characterized by its capacity to accredit
the degree of adhesion between 0 and 1 by using the "linguistic
terms".
Triangular fuzzy numbers (TFN) are exploited to propose
fuzzy relative importance [25,26]. In this inspection, the
evaluation criterion in the judgment matrix and weight vector
represented by TFNs, using four real numbers expressed by
𝜇 (𝑥)= ( , 𝑏, 𝑐, 𝑑; ) [27], where a, b, c and d are real values
and 0< ≤1 presented in “Fig. 1” a TFN can be defined as:
𝑥
𝑥
𝑥

𝑏
𝑐
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III. MULTI CRITERIA DECISION MAKING METHODS
A. AHP
The Analytic Hierarchy Process (AHP), was proposed by
SAATY [20], is an effective process for dealing with complex
decision making, when multi-criteria are involved. The
procedure defined by AHP consists of building a hierarchy
model based on context criteria. Calculating weights requires a
pairwise comparison process that refers to responding to a
chain of comparisons between the attributes of a pair. The
context criteria are evaluated by tuples (see Table 1) to judge
the importance of a single criterion in comparison with the
other.
In our case, we use AHP to calculate the weight vector w,
which represents the importance of each metric with respect to
different classes of QoS. it represents the results > 0, which
provide the weight or importance of the attribute [21], since
∑
. The pairwise comparison matrix as formalized in
Eq. (1).
̃

̃

̃

̃

[

Importance scale
1
3
5
7
9
2,4,6

(1)

DESCRIPTION OF IMPORTANCE SCALE [20]
Description
Equally important
Weakly important one over another
Strongly important
demonstrated important
Extremely important
Intermediate values

.

Therefore, we construct a fuzzy pair comparison matrix (Eq
(3)), using the trapezoidal fuzzy number (see Table 2), a fuzzy
( )
evaluation matrix
is constructed, as:
(
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TABLE II.

]
TABLE I.

Fig. 1. Trapezoidal Fuzzy Number 𝜇

(3)

IMPORTANCE SCALE FOR FUZZY PAIRWISE COMPARISON

Linguistic Variables
Very Low (VL)

Scale of fuzzy number
(0, 0, 0.1, 0.2)

Low (L)

(0.1, 0.2, 0.2, 0.3)

Medium Low (ML)

(0.2, 0.3, 0.4, 0.5)

Medium (M)

(0.4, 0.5, 0.5, 0.6)

Medium High (MH)

(0.5, 0.6, 0.7, 0.8)

High (H)

(0.7, 0.8, 0.8, 0.9)

Very High (VH)

(0.8, 0.9, 1.0, 1.0)
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IV. A NETWORK SELECTION BASED ON ENHANCED OF
MGRA
A. Modified Grey Relational Analysis (MGRA)
The grey relational analysis (GRA), introduced by Deng
[28], is widely used to solving a variety of multiple decisionmaking problems (MADAM) with uncertain information. The
GRA is based on information from the grey system to
dynamically compare each attribute quantitatively. This
process uses the level of similarity and variability among all
the attributes to establish their relationships. The relational
analysis proposes how to make predictions and decisions, for
the final selection.
Nonetheless, the traditional method GRA is based on an
ABC selection, but not an ASC selection, for this fact we will
have to consider the ideal values of the parameters as well as
the worst parameters. Therefrom we work with a modified
method of grey relational analysis (MGRA). The MGRA is
used to determine the best available network in a
heterogeneous environment, of following the steps above:
 Construction of the decision matrix for the
classification of m networks each having n attributes of
the selection criteria.
(

)

(4)

 Construct normalized decision matrix with values: For
benefit attribute,
(

(5)

)

For cost attribute,
(
(

)

(6)

)

 Determination of the ideal and the worst parameters.
This step in the classical GRA method determines only
the ideal parameters. we define the ideal parameters
that represent the maximum values by:
[

]

(7)

And the worst parameters that represent the basic
requirements by:
[

]

(8)

 Calculate Grey Relational Coefficient (GRC) for each
of the network with ideal parameters
and worst
parameters
as follows:
|
|

|
|

|
|

|
|

|
|

|

(9)

|
|

|

|
|

(10)

Where
is resolution coefficient,
always define as 0.5.

⌊

⌋ , there is

 Consider the weight already calculated by the AHP and
FAHP methods mentioned in the previous sections,
and the GRC obtained by MGRA with the ideal
parameters
and the worst parameters . Opposed
to the traditional method that defines just the ideal
parameters in this step.
∑

(11)

𝑒 𝑒∑
∑

(12)

𝑒 𝑒∑
 Conclusively, we calculate the decision value M for
each of the candidate networks by:
(13)
B. Proposed Method E-MGRA
In order to guide our method towards a selection of the
ASC network, and to ensure efficient utilization of resources,
where the users’ QoS exigency are satisfactory, with a
reasonable cost to pay. In this context, we decided to enhance
the MGRA method to select the best access network according
to the ASC principle. We named the process of our proposed
method E-MGRA, starting by modifying the equation (Eq.
(13)) of the ancient MGRA method. Previously calculate
pursues the properties of the positive solution
, of the same
pursues the properties of the
negative solution
. Thus, we construct two relative
values ( , ), respectively to the ideal and worst parameters,
then we calculate the new proposed GRC as follows:
(14)
Hence, we mention that the step computes by the equation
(Eq. (14)) acquired using the AHP method to achieve the
relative importance
and
for each class of traffic.
Finally, we choose the network alternatives with the largest M
is one of the most suitable for networks users.
V. SIMULATION AND RESULTS
A. Simulations
In the interest of validating the capability of our E-MGRA,
we conducted simulation experiments based on AHP used in
Section 3.1, and FAHP in Section 3.2 to weight different
criteria, the achieved results are also compared.
Foremost, we construct a decision matrix to evaluate
alternative networks. Thereafter, the linguistic variable [29]
presented in Table 2 is used to create a pairwise comparison
matrix using the Fuzzy-AHP method to generate different
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weights. Once the weights are determined, we use the AHP
method to determine the relative importance
of the ideal
parameter and
of the worst parameters given in Table 3.
Finally, we use our E-MGRA to calculate the new decision
value M Proposed (Eq. (14)).
Afterward, we examine E-MGRA method performance on
four available networks (LTE (4G), HSPA (3G), WLAN and
WiMAX), and we perform the simulation for four classes of
QoS traffic (interactive, conversational, background and
streaming). During the simulation, we associate for each class
of traffic six parameters of different QoS: Throughput (T),
Data rate (DR), Jitter (J), Delay (D) and Packet Loss (PL) are
randomly varied according to the ranges shown in Table 4. The
simulation repeated for 100 run vertical handover decision
points by using MATLAB simulator.
B. Results and Discussion
In order to compare the effectiveness of our proposed EMGRA method with the MGRA method, we use the average of
the number of handovers as well as the ranking abnormality to
validate our enhancement, by analyzing the effect of the weight
attributed by AHP and FAHP on QoS. The results of the
comparison in this paper show that our proposed E-MGRA
algorithm outperforms the traditional MGRA algorithm.
TABLE III.

THE RELATIVE IMPORTANCE
CLASSES [14]

AND

FOR E ACH T RAFFIC

Traffic class
Conversational
Streaming

0.100
0.250

0.900
0.750

Interactive
Background

0.166
0.125

0.833
0.875

FAHP

TABLE IV.

THE QOS CRITERIA

Technology

Throughput
(Mb/s)

Data
Rate
(Mb/s)

Jitter
(ms)

Delay
(ms)

Packet
loss (%)

LTE (4G)

0,1 – 15

30 – 100

1–6

5 – 20

25 – 50

HSPA (3G)

1 – 80

20 – 80

29 – 80

2 – 10

20 – 80

WLAN

1 – 11

100 –
150

1 – 12

10 – 25

90 – 150

WiMAX

1 – 60

20 – 90

3 – 40

3 – 10

50 – 120

Foremost, we present the weights associated with each
traffic class with the intention of showing the impact of
weights on the ranking of the results of available networks
“Fig. 2” exhibit the weights produce by FAHP and AHP
methods respectively for Conversational, Background,
Streaming, and Interactive traffic classes. In the streaming
class, we observe that throughput of the AHP method raised,
unlike the other traffic classes whose the packets loss is the
uppermost. Correspondingly, we notice that the FAHP method
assign weights moderate between all parameters which ensures
a balance which generates a better decision.
The average number of handovers is exposed in “Fig. 3”
that clarifies the performances of E-MGRA for each class of
traffic. We notice that our E-MGRA method overcome the
traditional MGRA by reducing the number of handovers with a
value of 2% for conversational, background, and streaming
class. Although, interactive traffic dropped by up to 3%
compared to the traditional MGRA algorithm. E-MGRA
approach assert that this evolution produces the best selection
of network. Finally, we achieve that our proposed approach can
effectively solve handover problems in a heterogeneous
network.
AHP

Fig. 2. Associated Weight for Each Class of Traffic.
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[9]

[10]

[11]

[12]
Fig. 3. Average of the Number of Handovers who Proves the Improvement
of E-MGRA.

VI. CONCLUSION
In order to select an optimal network in heterogeneous
networks, we propose a new approach which relies on the
improvement of MGRA method. Firstly, the AHP and FAHP
methods determinate the weight criteria of each QoS class of
traffic. After, the enhanced version of MGRA used to select the
most suitable network. To validate the performance of the
recent E-MGRA method, a comparison of FAHP method with
the classical AHP has been performed to produce a fast
handover. The results of simulations reveal that our proposed
method provides a signification QoS progress for different
types of traffic. The E-MGRA method proposed allowed to
reduce the number of vertical handovers over the handover
execution.
The future research will be focus to combine our proposed
method with other MADM methods for making a decision in a
heterogeneous network. Moreover, a perspective of this
method presented can be efficient in various domains and
applications suchlike energy planning, supply chain, and
Vehicular ad-hoc networks (VANETs).
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