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Abstract— As of today, multiple heterogeneous wireless
networks have been deployed across geography. This has
become possible due to developments & growth in the areas of
Information & Communication Technologies. Considering the
simultaneous existence of multiple Radio Access Technologies
(RATS), the problem pertaining to the selecting the best n/w,
all the time & place, has become crucial. The smart mobile
phone user, based on his requirements and priorities, should
get latched to the best network among the available set of
various candidate n/w. The issue of network selection can be
resolved by effective Vertical Handover (VHO). The choice of
the best network can be made by applying the multi attribute
decision making technique called as Grey Relational
Coefficient (GRC). This research paper presents an algorithm
for network selection based on GRC. The scores of the
networks are calculated basis GRC and then the handover is
happens to the best network. The main criteria considered for
network selection are RSS, bandwidth, cost & user velocity.
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I. INTRODUCTION

There is presence of HetNets across geography due to
implementation of RATS. Figure 1 describes the presence of
HetNets [1] [2] [3] [4].

(rar)
()

WLAN Access
L Point

§ =

Fig. 1. Presence of Heterogeneous Networks Across Geography
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Il. THEORECTICAL BACKGROUND

A. Grey Relational Coefficient (GRC)

In this Multi Attribute Decision Making (MADM)
technique, the analysis of relational grade for multiple
discrete sequences can be performed and the best one is
choosen.

The following are the steps followed.

Step 1: VHO decision is captured into a matrix in which
each row denotes available networks and columns represents
the multiple n/w attributes.

No. of N/ws:r
No. of criteria for decision : k
Each network is represented in ith row

Each decision making criteria is represented in jth
column

Accordingly the under-mentioned matrix form is formed

[5] [6] [7] [8]:
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Step 2: Each and every element of above matrix is
normalized as under :
“ii = ITi=r 2. @)
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while j is varying from 1 to k

Step 3 : Analytic Hierarchy Process (AHP).

The weights pertaining to the attributes are computed using
AHP.
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GRA score will
[5]1[9][10][6]

be calculated using these weights
. Figure 2 shows the Analytic Hierarchy

Process (AHP)

Algorithm ; Analytic Hierarchy Process (AHP)

Input(s) :

Velocity of User

Calculated Data:
Consistency Index (Cl), Consistency Ratio (CR)

Qutput :
Weights of the parameters

Steps to be followed :

The pairwise comparison is correct. Weights of the

Number of parameters
RSS

Bandwidth

Cost

Construct the pairwise matrix for parameters
Calculate the normalized matrix

Calculate the weights of the parameters wj

Calculate the Consistency Index and Consistency Ratio
Check the consistency of comparison

IsCR<0.17?

If Yes . Move to StepNo 9

If No. Modify the pair-wise comparison. Go to 1

parameters to be used for further calculations.

Fig. 2. Analytic Hierarchy Process (AHP)

I1l. DESIGN & IMPLEMENTATION

There are two networks considered for implementation.
The first network is 4G while the other network is
Wireless Local Area Network (WLAN).

The parameters which have been taken into consideration
for designing of the algorithm are as depicted in Figure 3.
[11][12][13][3][14][15].

Figure 3 shows the parameters for VHO.
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Fig. 3. Parameters for VHO

Figure 4 depicts the phases of Handover. Figure 5 & 6
shows the handover execution process considering the
two networks 4G & WLAN and decision making process

respectively[16][17][18][19][21]-[25].
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1. Scanning|of available nefwork

2. Collection of the parameters of available network

h 4

3. VHDA

4. Initiation of handover

5. Execution of
handover

h 4

Fig. 5. Handover Execution Process
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' ™ B. Simulation Parameters
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Figure 7 & 8 represents the practical value of bandwidth
vy and RSS value for 4G respectively.
Capture the parameters of all available .
< i Similarly, the values for other networks are measured
practically.
h 4
Form the pairwise comparison matrix
and calculate the weights of the @ DOWNLOAD Mbps @ UPLOAD Mbps
parameters using AHP
6.65
Modify the
comparison of the No
PAraMmeters Fig. 8. Measurement of Bandwidth for 4G

v

Calculate the Score of the netweorks using
GRA technique and User preference

h J

Perform Handover to the Metwork with
the Highest Score

Fig. 9. Measurement of RSS for 4G

Fig. 6. Flowchart for Decision Making for Network

C. Results
IV. EXPERIMENTAL SCENARIO We have measured the values practically for both the
networks and have normalized the values on the scale of 0 to
A. Scenario 1.
In the experimental scenario considered, the mobile user The Score value has been calculated using GRC.
gﬁgou;irr) entering at Café. The café has WLAN for the Figure 10 shows the Score value of both networks.
The mobile user has the option of continuing to be e Score Value for 4G: 0.25

latched on to 4G or be handed over to WLAN.
4G : current N/w & WLAN : available candidate N/w.
Figure 7 describes the scenario.

e Score Value of WLAN: 0.0833

2
"‘ 1 Café ( with its own
—
4 ‘ e WLAN)
2
1. Continue on 4G network 2 Perf?rT VHandover LoRNLAN
(available network)

Fig. 7. Experimental Scenario
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Fig. 10. Score Value for two networks

Since we have observed that
Score Value wian < Score Value 4c
the mobile user should continue on 4G.

It can be observed that the preference of the user
towards WLAN can be low due to security parameters.
WLAN is considered to be less secure than 4G. From the
below mentioned equation , we infer that

Security wian < Security ac 3

Using WLAN at Public place may not be preference of
the user.

V. CONCLUSION & FUTURE WORK

. In this research paper, we have designed and simulated an
algorithm for Vertical Handover based Grey Relational
Coefficient. The values considered for the implementation
have been measured practically and normalized.

In future, we intend to make the algorithm more dynamic
and robust by including more number of criteria that can be
user specific, increasing the number of simultaneously
available candidate networks and testing in multiple
network scenarios.

REFERENCES

[1] Siddharth Goutam and Srija Unnikrishnan, "Algorithm for handover
decision in IEEE 802.11 WLAN Environment based on Fuzzy Logic," in
International WIE Conference on Electrical and Computer Engineering
(WIECON - ECE 2019), IEEE, Bangalore, 2019.

[2] Siddharth Goutam and Srija Unnikrishnan, "Algorithm for vertical
handover in cellular networks using fuzzy logic," International Journal of
Information Technology, pp. 359-366, September 2020.

[3] Siddharth Goutam, Srija Unnikrishnan, and Aradhana Goutam,
"Markov Model based prediction of latching time of mobile users," in 2nd

International Conference on Mathematical Modelling and Simulation in
Physical Sciences (MMSPS 2022) Springer, SVNIT, Surat, 2022.

[4] Siddharth Goutam, Srija Unnikrishnan, and Archana Karandikar,
"Algorithm for Vertical handover using Multi Attribute Decision Making
Techniques," in 2020 IEEE International Conference on Communication,
Networks and Satellite (Comnetsat), IEEE, Batam, Indonesia , 2020.

[5] Maroua Drissi and Mohammed Oumsis, “Multi-criteria Vertical
Handover comparison betweenWimax and Wifi," Information, vol. 6, pp.
399-410, 2015.

[6] Siddharth Goutam, Srija Unnikrishnan, Archana Karandikar, and
Aradhana Goutam, "Algorithm for vertical handover decision using
geometric mean and MADM techniques," International Journal of
Information Technology, 2022.

[7] Mohamed Lahby, Ayoub Essouiri, and Abderrahim Sekkaki, "A novel
modeling approach for vertical handover based on dynamic k-partite graph
in heterogeneous networks," Digital Communication and Networks,
October 2019.

[8] Siddharth Prasad Mishra et al., "Multivariate Statistical Data Analysis -
Principal Component Analysis (PCA)," International Journal of Livestock
Research, vol. 7, no. 5, pp. 60-78, May 2017.

[9] Imane Chattate, Mohamed EI Khaili, and Jamila Bakkoury, "A Fuzzy-
AHP based Approach for Enhancing Network Selection in Heterogeneous
Networks Using Battery Energy Criterion," International Journal of
Engineering & Technology, vol. 7, pp. 118-123, 2018.

[10] Siddharth Goutam, Srija Unnikrishnan, Archana Karandikar, and
Aradhana Goutam, "Algorithm for Vertical Handover based on Least
Square Weighting techniques,” International Journal of Interdisciplinary
Telecommunications and Networking (1JITN), IGI Global Journal.

[11] Siddharth Goutam and Srija Unnikrishnan, "QoS based Vertical
Handover Decision Algorithm using Fuzzy Logic," in 2019 International
Conference on Nascent Technologies in Engineering (ICNTE 2019), IEEE,
Mumbai, 2019.

[12] Siddharth Goutam and Srija Unnikrishnan, "Analysis & Comparison
of Decision Tree Algorithms for Vertical Handover in Wireless Networks,"
Grenze International Journal of Engineering and Technology, pp. 83-89,
July 2019.

[13] Ling- Jyh Chen, Tony Sun, Benny Chen, Venkatesh Rajendran, and
Mario Gerla, "A Smart Decision Model for Vertical Handoff," in 4th
ANWIRE Conference, 2004.

[14] Siddharth Goutam, Srija Unnikrishnan, Archana Karandikar, and
Aradhana Goutam, "Principal Component Analysis of VHO parameters,” in
11th IEEE International Conference CSNT 2022 , IEEE, Indore (MP),
2022.

[15] Siddharth Goutam, Srija Unnikrishnan, and Pradeep Singh,
"Algorithm for handoff in Zigbee environment,” International Journal of
Information Technology & Electrical Engineering, vol. 9, no. 6, pp. 14-19,
December 2020.

[16] Hongwei Liao, Ling Tie, and Zhao Du, "A Vertical Handover
Decision Algorithm based on Fuzzy Control Theory ," in Proceedings of
the First International Multi-Symposiums on Computer and Computational
Sciences (IMSCCS'06),IEEE, 2006.

[17] Johann Marquez-Barja, Carlos T. Calafate, Juan-Carlos Cano, and
Pietro Manzoni, "An overview of vertical handover techniques:
Algorithms, protocols and tools," Elsevier, Computer Communications, pp.
985-997, 2011.

[18] Siddharth Goutam, Srija Unnkrishnan, Archana Karandikar, and
Aradhana Goutam, "Analysis of Vertical Handover parameters using
ANOVA," in AICTE sponsored National Conference on Communication,
Computtational Intelligence and learning 2021 (NCCCL- 21), Francis &
Taylor (Scopus Indexed), Pune, 2021.



[19] Siddhartha Goutam, Srija Unnikrishnan, Pradeep Singh, and Aradhana
Goutam, "Analysis of VHO parameters based on Polynomial Regression,"
in Innovations and Developments towards Smart and Sustainable
Industries, Proccedings of the International Conference on Advancements
in Interdisciplinary Research towards Smart and Sustainable Society
(AIR2022). Prayagraj: River Publishers, Alshjerg Vej 10,9260 Aalborg,
Denmark.

[20] N. P. Singh and Brahmyjit Singh, "Improved Vertical Handover
Decision Algorithm for UMTS-WLAN," International Journal of Future
Generation Communication and Networking, pp. 113-124, Dec 2011.

[21] M. K. Jain, S. R.K. lyengar, and R. K. Jain, Numerical Methods for
Scientific and Engineering Computation.

[22] Shidrokh Goudarzi, Wan Haslina Hassan, Mohammed Hossein Anisi,
and Ahmad Soleymani, "A Comparative Review of Vertical Handover
Decision-Making Mechanisms in Heterogeneous Wireless Networks,"
Indian Journal of Science & Technology, September 2015, Vol 8(23).

[23] Gamal Abdel Fadeel Mohamed Khalaf and Hesham Zarief Badr, "A
comprehensive approach to vertical handoff in heteroegeneous wireless
networks," Journal of King Saud University - Computer and Information
Sciences, vol. 25, pp. 197-205, 2013.

[24] M. Naresh, D. Venkat Reddy, and K. Ramalinga Reddy, "A
Comprehensive study on Vertical Handover for IEEE 802.21 Wireless
Networks ," in 2020 Fourth International Conference on I-SMAC (10T in
Social, Mobile, Analytics and Cloud) (I-SMAC), IEEE, Palladam, India, 7
Oct 2020.

[25] Mykola Beshley, Natalia Kryvinska, Oleg Yaremko, and Halyna
Beshley, "A Self-Optmizing Technique Based on Vertical Handover for
Load Balancing in Heterogeneous Wireless Networks Using Big Data
Analytics," Applied Sciences, MDPI, vol. 11, May 2021.



	I. Introduction
	II. Theorectical  Background
	A. Grey Relational Coefficient (GRC)

	III. Design & Implementation
	There are two networks considered for implementation. The first network is 4G while the other network is Wireless Local Area Network (WLAN).
	The parameters which have been taken into consideration for designing of the algorithm are as depicted in Figure 3. [11][12][13][3][14][15].
	Figure 3 shows the parameters for VHO.
	Figure 4 depicts the phases of Handover. Figure 5 & 6 shows the handover execution process considering the two networks 4G & WLAN and decision making process respectively[16][17][18][19][21]-[25].

	IV. Experimental Scenario
	A. Scenario
	B. Simulation Parameters
	C. Results
	Since we have observed that
	Score Value WLAN < Score Value 4G
	the mobile user should continue on 4G.


	V. Conclusion &  Future Work
	References


