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Abstract: Internet of Things (1oT) and Internet of Mobile
Things (IoMT) acquired widespread popularity by its ease of
deployment and support for innovative applications. The sensed
and aggregated data from 10T and |oMT aretransferred to Cloud
through Internet for analysis, interpretation and decision making.
In order to generate timely response and sending back the
decisions to the end users or Administrators, it is important to
select appropriate cloud data centers which would process and
produce responses in a shorter time. Beside several factors that
determine the performance of the integrated 6LOWPAN and
Cloud Data Centers, we analyze the available bandwidth between
various user bases (10T and 1oMT networks) and the cloud data
centers. Amidst of various services offered in cloud, problems
such as congestion, delay and poor response time arises when the
number of user request increases. Load balancing/sharing
algorithms are the popularly used techniques to improve the
performance of the cloud system. Load refers to the number of
user requests (Data) from different types of networks such asloT
and |oMT which are | Pv6 compliant. I n this paper we investigate
the impact of homogeneous and heterogeneous bandwidth
between different regions in load balancing algorithms for
mapping user requests (Data) to various virtual machines in
Cloud. Weinvestigate theinfluence of bandwidth across different
regions in determining the response time for the corresponding
data collected from data harvesting networks. We simulated the
cloud environment with various bandwidth values between user
base and data centers and presented the average response time for
individual user bases. We used Cloud- Analyst an open sourcetool
to simulate the proposed work. The obtained resultscan be used as
areferenceto map the mass data generated by various networksto
appropriate data centers to produce the response in an optimal
time.

Index Terms: 1oT, 1oMT, Data Centers, Virtual Machines,
Load Balancing, Cloud Computing

. INTRODUCTION

6LOWPAN providesintegrity of sensor deviceswhich senses
and transfers data to the 6LBR (6LOWRPAN Border
Router)[16][17][18][19[20]. The large volume of data
gathered over time are processed and interpreted to produce
various results and decision by the remote cloud data centers.
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The transmissions of data across various communication links
play avital role in producing the response in a shorter time.
Asthe popularity of Cloud paradigm increases, the number of
users and the tasks executed in the cloud also increases. The
servers are overloaded and the response time increases
linearly along with the increased user requests. Availability
of servers with higher computing capacity reduces the
response time of application. Due to the heterogeneity nature
of cloud, the capacity of serversvarieslargely among themin
terms of CPU clock cycles, memory, cache and bandwidth.
Load balancing agorithms allocates tasks/jobs to servers
based on the policy implemented. If an algorithm considers
only the count of available serversthen it allocates the task to
servers based on around robin fashion. At the other end, if the
agorithm considers the capacity of individual servers, then it
alocates the task to servers variably. The existence of
heterogeneous servers plays a crucial role in determining the
performance of the system. Several load balancing algorithms
exists in the literature to assign task to servers based on
various policies. Round Robin, Weighted Round Robin,
Number of Connections Based, Random, Greedy and Hybrid
agorithms[15] arethe well-known algorithmsthat exist in the
literature for load balancing. In this paper we investigate the
outcome of some of the well-known a gorithms when applied
to virtual machines in data centers with different
configurations in terms of CPU Cycles, Memory, Cache and
bandwidth. The services provided by the cloud are generally
classified aslaas (Infrastructure as a Service), SaaS (Software
as a Service) and PaaS (Platform as a service) [15]. The
infrastructure refers to the provision of storage, memory and
processing power. The load balancing algorithm receives the
request from the user and assignsit to the servers based on the
balancing policy. For example the round robin agorithm
allocates tasks to the server in a round robin basis. It doesn’t
consider the processing capacity of the server and other
facilities such as memory, storage and available cache. This
may lead to occurrence of congestion with a particular server
eventually increasing the response time for the task. In order
to avoid over assignment to a particular server whose capacity
is far below the average of others, the balancing algorithm
should consider the individual capacity of the server and
assign tasks. To facilitate the readers, we have analyzed the
effect of heterogeneous systems in the data centers with
various|oad balancing a gorithm and present the performance
metrics such asresponsetimein order to gain aninsight onthe
effects. The rest of the paper is organized below. Section 11
presents the literature review on the existing methodologies
and survey performed by various researchersin the literature.
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Section 1l presents the configuration scenario. Section 1V
presents the simulation results and interpretations. Section V
concludes the paper with future works.

1. LITERATURE SURVEY

The authors in [1] have proposed a dynamic load balancing
algorithm named CLB (Cloud Load Balancing). In contrast to
the static load balancing algorithms in the literature which
considers the servers computing power to assign tasks to
server, the proposed approach considers both server
computing power and computer loading which avoids the fact
that computers will be loaded unevenly. The authorsin [2]
have made an in-depth study about the existing load balancing
algorithm to keep the servers equally loaded and presented a
comprehensive analysis on the various load balancing
algorithms existing in literature. The authors in [3] have
presented various categories of load balancing such as map
reduce in Hadoop, nature inspired load balancing, Agent
supported load balancing, load balancing in generdl,
application specific and network based. The work considers
load balancing as an initiative to ensure quality of service,
increased throughput, performance and utilization of
resources. The authorsin [4] have presented aload balancing
agorithmwhich is based on particle swarm optimization. The
work aims at maintaining a balance between energy and
performance in order to increase profit. The PSO techniqueis
modified to provide quality of service with reduced energy
consumption to allocate migrated VM’s on the host. The
proposed work is simulated using cloudsim which shows
improvement in energy consumption by 14% compared to the
existing algorithms. The authorsin [5] have presented various
quality of service requirements from the users that should be
met by providers. In case of failure in meeting the user
requirement upon agreement, the provider should compensate
the usersin terms of penalty. The author in [6] have proposed
LBMM (Load Balancing Method for Massive Data) for load
balancing while processing massive data in cloud. The
authors have also addressed two other schemes named
Efficiency of Data Processing and Relatively Free Rate. The
proposed LBMM is based on DPE and RFR. The proposed
method is compared with consistent hashing method. The
results of the experiment shows improved equalization and
efficiency in data processing. The authors in [7] proposed
artificial bee based algorithm for load balancing in cloud
computing. Theauthorsin[8][11][12] proposed algorithmsto
minimize the response time and accesstime in cloud based on
the QoS parameters of the user. The source code of the
simulator used in this paper can be obtained from the online
sources as mentioned in [9] [10]. The authors in [13][14]
discusses about various simulation environment available for
cloud computing and also discusses the execution of load
balancing algorithmin it.

I11. INTEGRATION OF 6LOWPAN BASED
NETWORK WITH CLOUD DATA CENTERS

Datatransmission between |oT and loMT based networks and
acloud data center is shown in the Fig. 1. 6LOWPAN based
consists of several instances of DODAG (Destination
Oriented Directed Acyclic Graph). There are severa static
nodes which act as arouter to forward the sensed data to the
DODAG-ROOQOT. Mobhile nodes are allowed to join the
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DODAG as leaf node. Each instance of DODAG has a
DODAG-ROQT that acts as border router which forwards the
datato Internet (Cloud Data Centers).
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Fig.1l: Transmission of Data from 10T to cloud Data
Centers

Create USer Bases with data from Networks such as loT and loMT

y

Deploy and configure data centers in cloud in different geographic locations

v

Assign homogeneous and heterogeneous bandwidth between user base and data centers

.

Calculate the response time for user bands with different bandwidth

v

Calculate the data center cost

v

Display the response time along with data center cost

Fig.2: Stepsinvolved in the simulation process
We briefly present the various services provided by Cloud
and the relevant tools in the following section. Later we
present the stepsinvolved in the analysis process such as user
base creation, data center configuration, homogenous and
heterogeneous bandwidth allocation in Fig.2

Softwareasa Service | Multimedia Google App and
[SaaS] Applications and Facebook
Web services
Platform asa Service | Software Tools Microsoft Azure
[PaaS]
Infrastructure as a Infrastructure and Amazon EC2,
Service [laaS] Hardware (CPU, Data centers
Memory and
Bandwidth)

Tablel: Cloud Computing Stack Architecture[15]
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Based upon the services provided by cloud, it can be
classified into three major types. laas, Paas and Saas which
stands for Infrastructure as a Service, Platform as a service
and Software as a service. Cloud service providers such as
Elastic Cloud compute by amazon, Rackspace are the
examples for laas. Cloud users and consumers can deploy
applications without the need to purchase the needed
software, libraries and tools. App Engine from Google and
Windows azure are examples for Paas. Google App and
Salesforce .com are the examples for software as a service.
Users can access the required software through Internet and
pay only for what is being used unlike the need to pay for the
entire package. [15]

Based upon the computing modelsfollowed in cloud, it can be
classified into public, private and hybrid. Each of these
computing model differs in the way how they are built and
being accessed by its users. Public cloud lacks security where
itisbeing thwarted in private cloud. While protecting network
and data, private cloud limits the access only to the
organization thereby giving the users a feel of accessing a
group of servers. [15]

Each system in a network has a job queue which contains the
set of jobsthat will be executed in that system. The number of
jobsin asystem’s queue is used as measure the load. Several
load balancing algorithms are proposed in the literature to
balance load among the systems in a network. The main
objectives of load balancing algorithms are to increase
throughput, resource utilization and minimize response time.
Generally load balancing agorithms fall into two category:
static and dynamic. The method of load balancing is decided
during the compile time itself. Round Robin based load
balancing is an example for static load balancing agorithm.
[15]

IV. THEIMPACT OF HOMOGENEOUY
HETEROGENEOUSBANDWIDTH

Tablell: Data Center Configuration

Name | Region | Arch | OS VMM | Cost | Mem. | Storage | Data
Per cost Cost Tran.
VM | $is $is Cost
$/Hr $/Gb
DC1 3 | X86 | Linux | Xen 1 0.05 1 1
DC2 2 | X86 | Linux | Xen 1 0.05 1 1
DC3 0 | X86 | Linux | Xen 1 0.05 1 1
DC4 1| X8 | Linux | Xen 1 0.05 1 1
DC5 4 | X86 | Linux | Xen 1 0.05 1 1

A.SIMULATION CONFIGURATION

Inthisexperimental set up we created datacentersasshownin
the Table Il. Five different data centers are configured with
various operating systems, virtual machine monitor
processor architecture, cost incurred for memory access,
storage and data transfer cost. The data centers are located in
different regions acrossthe globe. All virtual machinesfollow
X86 architecture. Linux is the operating system running on
every virtual machine. Xen virtual machine monitors
supervises the virtual machines. The cost to access memory,
storage and data transfer are set as shown in the table. The
number of user bases created is 7. The user grouping factor is
set to 1000. The number of request grouping factor is set to
100. Round robin agorithm is used as load balancing
algorithm across virtual machines. Closest data center is
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selected as service broker policy. The bandwidth matrix is set
asshownin Table Il and Table IV. The bandwidth is varied
in each simulation. We used three different bandwidth values
such as 2000 Mbps, 500 Mbps and 100 Mbps. The bandwidth
between different regionsis set to any one of the above values
in homogeneous bandwidth configuration. In heterogeneous
bandwidth configuration, the value differs between each
region. It varies between 500 Mbpsto 1250 Mbps as shownin
Table V.

Region | O 1 2 3 4 5

/

Region

0 2000 2000 | 2000 | 2000 | 2000 | 2000
1 2000 | 2000 | 2000 | 2000 | 2000 | 2000
2 2000 | 2000 | 2000 | 2000 | 2000 | 2000
3 2000 2000 | 2000 | 2000 | 2000 | 2000
4 2000 | 2000 | 2000 | 2000 | 2000 | 2000
5 2000 2000 | 2000 | 2000 | 2000 | 2000

Tablelll: Homogeneous Bandwidth Configuration
between Regions (2000 M bpsfor all regions)

Region | O 1 2 3 4 5

/

Region

0 2000 250 500 750 1000 | 1250
1 250 2000 | 500 750 1000 | 1250
2 500 500 2000 | 750 1000 | 1250
3 750 750 750 2000 | 1000 | 1250
4 1000 1000 | 1000 | 1000 | 2000 | 500
5 1250 1250 | 1250 | 1250 | 500 2000

TablelV: Heterogeneous Bandwidth Configuration
between Regions (Varying from 500 M bpsto 2000M bps)

Simulation Complete

20 wcamoan B .
Fig.3: Placement of Data Centersand User Basein Cloud
Analyst Simulation Tool
Six different regions across the globe are selected to place
data centers and generate user request. The users are grouped
using a factor 1000 and user requests are grouped using a
factor 100. The closest data center service broker policy
selects the nearest data center to the user from where the
request has been generated. Assigning the request to the
virtual machines is done through round robin scheduling

algorithm.
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B. RESULTSAND DISCUSSION

The bandwidth for communication between different regions
plays a crucia role in determining the response time of the
users from various locations. The response time from a
nearest data center increases significantly, if there is no
enough support for larger bandwidth. We simulated with
different bandwidth configurations such as homogeneous and
heterogeneous between various regions. In homogeneous
configuration, the values set are 2000 Mbps, 500 Mbps and
100 Mbps. We used a single value for al regions in each
simulation. In heterogeneous configuration, the bandwidth
between different regions are varied from 250 Mbps to 2000
Mbps. The response time in each case varies proportionate to
the available bandwidth between regions. In cases where the
user base and data centers are availablein the sameregion, the
response time remains low. The cost of virtual machine and
data transfer cost remains same for all cases.

Avg (1ms) Min (ms) Max (ms)

PRSI EL1E 410 sl

Dista (emter processing fime 1.3

TableV: Over all Response time (Bandwidth @2000

Mbps)
Userbase Avg (ms) Min (ms) Max (ms)
UBI 21132 183.28 251.09
UB2 60.15 49.00 7487
UB] 60.51 49.95 Ay
UB4 65.15 50.12 78.82
UBj 60.32 5254 68.90
UB6 60.31 50.99 73.07
UB7 50.80 4200 61.03

TableVI: Average Response Time per User base
(Bandwidth @ 2000 M bps)

Min, Max, Avg Response Time Vs User Bases

300

250
Ous1
200 - mus2
150 Ous3
100 Ous4
HEuB5

50
ik -~

0
B uB7

AVG (ms) Min (ms) Max (ms)

User Bases (UB1-UB7)

Fig.4: Min, Max, Average Response Timein (ms) per
User base (Bandwidth @ 2000 M bps)
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Table VII: Virtual Machine and Data Transfer cost (For
all Bandwidth Values)

Total Virtual Machine Cost ($): 26.03

Total Data Transfer Cost ($): 11606.62

Grand Total: ($) 11632.65

Data Center VM Cost § Data Transfer | Total §

Cost §

DC5 10.01 1943.68 1953.69
DC4 4.00 193453 1938.53
DC3 4.00 3887.29 3891.30
DC2 4.00 1941.87 194588
DC1 4.00 1899.24 1903.25

Data Centers vs Costin $

4000

3000 —
2000 ODce6
1000 IE[ BEDCs
0 ) Obca

VM Cost Total in
in$ $ Obc3
EDC2
Obpc1

Data Centers (DC6-DC1)

Fig.5: Virtual Machine and Data Transfer cost (For all
Bandwidth Values
TableVIII: Over all Responsetime (Bandwidth @500

M bps)
Avg (ms) Min (ms)  Max (ms)
Overall response fime: 10592 420 8133
Data Center processing time; 17 001 10%

Average Response time Vs User Base

(BW @500 Mbps)
300 -
250 Ousl
200 muB2
150
100 Ous3
A= |
0
Avg (ms)  Max(ms) B UBS
OuBe
BuB7

User Base (UB1-UB7)

Fig.6: Min, Max, Average Response Timein (ms) per
User base (Bandwidth @ 500 M bps)
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Table1X: Over all Responsetime (Bandwidth @100

M bps)

Avg (ms) Min (ms) Max (ms)
Overall response time: JERRS! 218 49844
Data Center processing tine: 179 0.01 1090

Table X: Average Response Time per User base
(Bandwidth @ 100 M bps)

Userbase Avg (ms) Min (ms) Max (ms)
UBI 396.16 33361 498.44
UB2 24301 194.21 299.51
UB3 213.67 183.99 31261
UB4 24451 186.48 34195

UBS 24336 188.90 EERE)

UB6 24303 188.67 297.85

UB7 5099 4218 6123

Avg Response Time Vs User Base
(BW@100Mbps)
500 O us1l
400 B UB2
300 -
200 . 0O ue3
100 0O us4
0 4U
Avg(ms) Max(ms) | UBS
O uB6
User Bases UB1-UB7
B UB7

Fig.7: Average Response Time per User base (Bandwidth

@ 100 M bps)
Table XI: Over all Response time (Heter ogeneous
Bandwidth)
Avg (ms) Min (ms) Max (ms)

Overall response time: 82.00 4200 25714

Data Center processing time: 178 0.02 1097

Table XI1: Average Response Time per User base
(Heter ogeneous Bandwidth)

Userbase Avg (ms) Min (ms)

UBI 217.06 186.27 257.14

Max (ms)

UB2 60.08 49.00 74.87

UB3 60.56 49.95 .17

UB4 65.22 50.12 78.82

UB5 60.39 5254 68.90

UB6 60.24 50.99 73.07

UB7 50.79 42.00 61.03
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Avg. Response Time Vs User Base
(Heterogeneous BW)

300
250 Ous1
200 - @uB2
150 Ous3
100 OuB4
= |=--
0Avg (ms) Max(ms) Buss
B uB7

User BAses (UB1-UB7)

Fig.8: Average Response Time per User base
(Heter ogeneous Bandwidth)

The impact of homogeneous bandwidth and heterogeneous
bandwidth over response time obtained through simulation
are given in Table V to Table Xll. The graphical
interpretations are provided in Fig.4 to Fig.8. In each case the
average response time of user bases varies proportionate to
the available bandwidth. It is exceptional for some of the user
bases such as UB7 where the request is served by the data
center which isavailable closer to it. The virtual machine cost
and data transfer cost remains almost same for all cases since
response timeis not influenced by these factors.

V. CONCLUSION

Large volume of environmental data sensed and gathered by
networkssuch asloT and IoMT aretransferred to Cloud Data
Centers through Internet for analysis and interpretation. The
response time is determined by the processing capability of
cloud data centers and communication capacity between user
base (IoT and IoMT) and cloud data centers. Heterogeneity
is an important attribute that affects the performance of the
network in many ways. Cloud inherits heterogeneity in terms
of devices, operating systems, platforms, communication
media, link capacity etc. It isimportant to identify the effects
of heterogeneous components in cloud to gain an insight on
the performance offered by cloud system. In this paper we
have analyzed the impact of homogeneous and heterogeneous
communication bandwidth avail able between various regions
where cloud data centers are deployed and the user base. We
have investigated the impact of all bandwidth level using a
simulation tool called Cloud-Anayst. We provided the
results that well demonstrate the influence of communication
bandwidth which determines the response time of the cloud
data centers. Theresults provided in this paper would help the
researchers and industrialist to design efficient system to
improve the response time of cloud for the data collected from
networks like 10T and loMT that often populates data from
different geographical location.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



Integration of 6L OWPAN and Cloud Data Centers: The Role of Link Capacity between Sensor Networ ks and Cloud
Data Centers

REFERENCES

1.

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Shang-Liang ChenYun-Yao Chen Suang-HongKuo, “CLB: A novel
load balancing architecture and algorithm for cloud services,
Computers & Electrical Engineering, Volume 58, Pages 154-160,
February 2017.

Minxian Xu Wenhong Tian Rajkumar Buyya, “A survey on load
balancing agorithms for virtual machines placement in cloud
computing”, Concurrency and computation Practice and Experience,
Wiley Online Library, Volume 29, Issue 12, march 2017.

Einollah Jafarngjad Ghomia Amir Masoud
RahmaniaNooruldeenNasih Qaderb, “Load-balancing agorithms in
cloud computing: A survey”, Journal of Network and Computer
Applications, Volume 88, , Pages 50-71, June 2017

Seyed Ebrahim Dashti & Amir Masoud Rahmani , “Dynamic VMs
placement for energy efficiency by PSO in cloud computing”, Journal
of Experimental & Theoretical Artificial Intelligence, Volume 28,
Issue 1-2: Advances and Applications of Swarm Intelligence, 2016

M. H. Ghahramani, MengChu Zhou,Chi Tin Hon, “Toward cloud
computing QoS architecture: analysis of cloud systems and cloud
services”, EEE/CAA Journal of Automatica Sinica, Volume 4, Issue 1,
PP:6-18, Jan 2017

Jianhua Peng, Ming Tang, Ming Li & Zhiqin Zha,, “A Load Balancing
Method For Massive Data Processing Under Cloud Computing
Environment”, Intelligent Automation & Soft Computing, Issue 4, PP:
547-553, 2017.

Yao, JH., Ju-hou, Load Balancing Strategy of Cloud Computing
Based On Artificial Bee Algorithm in Computing Technology and
Information Management (ICCM), IEEE: Seoul. p. 185 - 189. 2012
Kumar PJ., Ilango P., “MQRC: QoS aware multimedia data
replication in cloud”, International Journal of Biomedical Engineering
and Technology, Vol.No:25, Issue.No:2/3/4, PP:250-266, 2017
cloudsim.cloudbus;Available from:
http://www.cloudbus.org/cloudsim/.
https://sourceforge.net/projects/cloudanalystnetbeans/

Kumar P.J., llango P., “BMAQR: Balanced multi attribute QoS aware
replication in HDFS”, International Journal of Internet Technology and
Secured Transactions, Vol.No:8, Issue.No:2, PP:195-208,2018.
P.J.Kumar, P.Ilango, “An Optimized Replica Allocation Algorithm
Amidst of Selfish Nodes in MANET”, Wireless Personal
Communications,Vol.N0:94, Issue.No:4, PP.2719-2738,2017.

Pakize, SR., SM. Khademi, and A. Gandomi, Comparison Of
CloudSim, CloudAnalyst And CloudReports Simulator in Cloud
Computing. International Journal of Computer Science And Network
Solutions, 2: p. 19-27, 2014

Ray, S. and A. De Sarkar, Execution Analysis of Load Balancing
Algorithms In Cloud Computing Environment. International Journal
on Cloud Computing: Services and Architecture (IJCCSA), 2(5): p.
1-13,2012..

Hafiz Jabr Younis, Alaa Al Halees, Mohammed Radi, “Hybrid Load
Balancing Algorithm in Heterogeneous Cloud Environment”,
International Journal of Soft Computing and Engineering (1JSCE)
ISSN: 2231-2307, Volume-5 Issue-3, July 2015 PP: 61-65

Hayder A. A. Al-Kashoash, Yaarob Al-Nidawia and Andrew H.
Kempa, “Congestion-Aware RPL for 6LoWPAN Networks”, in
Proc.of Wirdess Telecommun. Symp.(WTS), London ,U.K, 2016
PP:1-6

T. Winter, P. Thubert, A. Brandt, J. Hui, and R. Kelsey, “RPL: IPv6
Routing Protocol for Low-Power and Lossy Networks,” RFC 6550,
2012.

0. Gaddour, A. Koubaa, N. Baccour, and M. Abid, “OF-FL:
QoS-Aware Fuzzy Logic Objective Function for The RPL Routing
Protocol,” in Modeling and Optimization in Mobile, Ad Hoc, and
Wireless Networks (WiOpt), 2014 12th International Symposium on.
IEEE, 2014, pp. 365-372.

J.-P. Vasseur, M. Kim, K. Pister, N. Dejean, and D. Barthel, “Routing
Metrics Used for Path Calculation in Low-Power and Lossy
Networks,” RFC 6551, 2012.

T. Tsvetkov, “RPL: IPv6 Routing Protocol for Low Power and Lossy
Networks,” Sensor Nodes-Operation, Network and Application (SN),
vol. 59, p. 2, 2011.

Retrieval Number: A4715119119/2019©BEIESP
DOI: 10.35940/ijitee.A4715.119119

Journal Website: www.ijitee.org

AUTHORSPROFILE

Suganya P is currently working as Assistance
Professor in VIT University, Vdlore, India. She
has a total of twelve years of experience in
teaching various engineering courses such as
Digital logic and microprocessors, Programming
in Python and Open source Programming. She
received her B.E in Electrical and Electronics
Engineering from RVS, Madurai Kamarajar
University, Tamil Nadu, India and M.Tech in
Information Technology with a Rank-2 from VIT University, Vélore, India.
Sheiscurrently pursuing her Ph.D in VIT, Vélore, inloT. .

Dr.Pradeep Reddy CH is currently working as
Associate Professor in VIT-AP  University,
Amaravati, India. He has a total of thirteen years
experience in both teaching and research. He
received his B.Tech in Computer Science and
Engineering from PBR VITS, JNTU Andhra
Pradesh, India and M.Tech in Computer Science
and Engineering from VIT University, Vellore,
India. He did his PhD in Computer Science and Engineering from VIT
University, Vellore. He has published papers in reputed journals and
international conferences. He served as reviewer and editor for international
journals. His research interests include Wireless Networks, 10T, Security
systems and Cloud computing.

Published By:
Blue Eyes Intelligence Engineering

2164 & Sciences Publication Exploring Innovation



