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Abstract: Wireless Sensor Networks (WSN) become more popular due to the wide range of
applications in various fields. WSN consists of a group of sensor nodes deployed in the region of
interest. Energy efficiency is the major challenge while deigning WSN. Clustering is one of the
important energy efficient techniques. Clustering is the process of grouping the nodes into
clusters. A cluster consists of a Cluster Head (CH) and number of cluster members. CH is
responsible for collecting data from cluster members, aggregating it and forwarding the
aggregated data to Base Station (BS). So, CH selection plays a vital role to preserve energy in
WSN. Many researchers are carried out to select the proper CHs. CH selection influences the
overall performance of the WSN. In this paper, a dynamic CH selection using Fuzzy logic is
proposed. The fuzzy input parameters are residual energy and the distance to BS. The output
parameter is the probability of becoming CH. The proposed method is compared to the well
known clustering protocol LEACH. Simulation results shows that the proposed method produces
better results than LEACH interms of energy consumption and network lifetime.
Keywords: Clustering, Cluster Head selection, Energy efficiency, Network lifetime, Wireless
Sensor Networks
1. Introduction
Rapid development in the field of telecommunication and MEMS technology leads to the
development of low cost, compact size sensor nodes [1]. Wireless Sensor Networks comprises of
huge number of sensor nodes deployed in the region to be sensed [14-18]. The sensors are
deployed randomly or the position of the sensor nodes is predefined based on the application
requirement [19-23]. WSN is popular due to the applications in various fields such as
environmental monitoring, border surveillance, health care monitoring, habitat monitoring, smart
homes, smart cities, weather monitoring, etc [2][3]. The sensor node consists of four units:
sensor unit, power unit, processing unit and communication unit [24-27]. The sensor unit is used
to measure the physical parameters needs to be measured. The physical parameters can be
temperature, pressure, humidity, vibration, acoustic signal, etc [4]. The sensed value is processed
by the processing unit and the communication unit is used to forward the data to BS.Powerunit is
the crucial unit in WSN [28-32]. The sensor nodes are battery powered and needs to operate for
longer time. It is very difficult or impossible to recharge or replace batteries in the sensor node
[5]. So, effective usage of available energy is the primary way to maximize the network lifetime.
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The architecture of a WSN is shown in Fig 1. The sensor nodes are randomly deployed in the
sensing region. BS or sink is located far away from the deployed region [33-36]. The sensor node
senses the physical parameter and forwards the data to BS directly or through intermediate
sensor nodes [6]. When the distance between the sensor node and BS is less, the node transmits
the data directly to BS. In large scale WSN, the distance between the BS and sensor node is
large. In those situations, data is forwarded in multi-hop fashion, i.e. data is transmitted through
the intermediate nodes. The remote user can access the data from BS via internet [36-40].

Fig. 1. Architecture of a WSN
Various approaches have been developed to achieve energy efficiency in WSN [7]. Clustering is
the most popular energy efficient technique to reduce the overall energy consumption in the
network [8]. The architecture of clustering in WSN is shown in Fig 2. The network is partitioned
into various clusters and a leader is selected among the nodes. The leader is called as Cluster
Head (CH) and remaining nodes are termed as cluster members or cluster nodes. The cluster
members sense the region and transmit the data to CH [40-44]. The CH performs three
operations: receives data from cluster members, aggregate the data and forward the data to sink.
There are two types of communication in clustered WSN. They are intra- cluster communication
and inter-cluster communication. The intra-cluster communication refers to the data transmission
within a cluster, i.e. cluster members sends data to CH. The inter-cluster communication refers to
the data transmission between several CHs. For transmitting data to sink, CH uses several CHs
as intermediate nodes in multi-hop communication [44-50].

Fig. 2 Architecture of Clustering in WSN
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CH plays an important role in clustered WSN. Random selection of CHs reduces the energy
efficiency. Various methods are proposed to select the CHs effectively [51]. Proper selection of
CHs makes the network energy-efficient and it makes equal distribution of load among the
network. After certain time period, rotation of CHs takes place [52]. When the energy level of
the current CH becomes very low, it will become the cluster member [54]. Next possible node
will become the CH. This results to the uniform energy dissipation in the entire network.
In this paper, fuzzy logic is used to select the CHs dynamically. The fuzzy input parameters
are residual energy and the distance to BS. The output parameter is the probability of becoming
CH. The proposed method is compared to the well known clustering protocol LEACH.
Simulation results shows that the proposed method produces better results than LEACH interms
of energy consumption and network lifetime. The rest of the paper is organized as follows.
Related works are described in Section 2. Preliminaries are given in Section 3. Section 4 explains
the proposed method in detail. The proposed method is simulated and the results are given in
Section 5. The paper is concluded in Section 6.
2. Related works
In the last decade, several clustering techniques have been proposed which can be differentiated
by the process of CH selection. Hierarchical based clustering protocols attain maximum energy
efficiency in WSN. LEACH [8] is the first and most popular hierarchical based clustering
protocol in WSN. It has been proposed to reduce the energy consumption and lengthen the
network lifetime [55-57]. It is a distributed; probability based clustering protocol without any
central control. It does not need any global information of the sensor nodes (energy, distance,
etc.) Additionally, each node independently takes decisions of becoming CH. LEACH works in
two phases: setup phase and steady state phase. In setup phase, each node determines the
probability of becoming CH by choosing a random value between 0 and 1. The node becomes a
CH in the present round, when the random number is less than the predefined threshold value:
1
𝑝⁄(1 − 𝑝 (𝑟 𝑚𝑜𝑑 )) , 𝑛 є 𝐺
𝑇(𝑛) = {
(1)
𝑝
,𝑛 є𝐺

0

where p is the desired percentage of CHs, r is the number of rounds and G is the set of all nodes
which is not elected as CH in the past 1/p rounds. The number of CHs is determined by the
following equation (2):
𝐾𝑜𝑝𝑡 =

√𝑁
√2𝜋

×

√𝜀𝑓𝑠
√𝜀𝑚𝑝

×

𝐿𝑒𝑛
𝑑𝑠2

(2)

where, N is the number of alive sensor nodes in the present round, Len is the length of the
deployed region, ds is the distance between the nodes and sink.Once the CHs have been selected,
the CHs broadcast an advertisement message to other nodes within its communication range that
they are the present CHs. When a non-CH node receives the message, it joins the cluster with
minimum distance. When the clusters are formed, CH creates a TDMA schedule with time slots
for each cluster member. In the steady state phase, each cluster member senses the data and
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sends the data in its respective time slot. Then CH receives the data, aggregates it and
forwardsto BS. After certain time period, setup phase will initiate again followed by steady state
phase.
LEACH protocol has some limitations. It does not consider the present state of the sensor
nodes (e.g. residual energy, distance to sink, etc.). When the node with less residual energy
becomes CH, it will die soon. And the distance to BS is also not considered [58-60]. The nodes
located far from BS become CH; the energy consumption is increased enormously. It is not
suitable for large scale WSN where the distance between the sensor node and BS is high.
LEACH does not employ use multi-hop communication even for longer distances. This makes
the CH spends more energy and exhausts its battery soon.
LEACH-C [9] is a centralized protocol where each node sends its location, energy level
information to the sink. With this information, BS determines the clusters and selects some nodes
as candidate nodes based on the higher residual energy. Final CHs are selected from candidate
CHs based on simulated annealing algorithm. The BS sends the CH's ID to the network. When
the node ID is matched with the received ID from BS, it broadcasts itself as CH. The nodes
nearer to CH join the cluster as cluster member. The results of LEACH-C are better than
LEACH.
LEACH-EP [10] is also a centralized energy-efficient protocol where the nodes with
maximum residual energy have higher probability of becoming CH. The process of LEACH-EP
is same as LEACH. One major difference is the process of CH selection. LEACH-EP uses
Equation (3), an energy aware threshold to select CH.
𝑇𝑒𝑝 = {

𝑝 ×
0

𝐸(𝑛)
𝐸𝑐ℎ𝑎𝑣

𝑖𝑓 𝐸(𝑛) ≥ 0.5 × 𝐸𝑐ℎ_𝑎𝑣

(3)

𝑖𝑓 𝐸(𝑛) < 0.5 × 𝐸𝑐ℎ_𝑎𝑣

where E(n) is the residual energy of the node, p is the percentage of CHs and Ech_av is the average
residual energy of the CHs.
LEACH-DT [11] is a distance aware clustering protocol. It is proposed to minimize the
energy consumption and maximize the network lifetime. It selects the CH based on the
probability of the distance from the BS. It uses same equation as LEACH with an additional
formula to calculate p.
𝜉
𝑝𝑛 = 𝑘 × ∑𝑁 𝑛
𝑗=1 𝜉𝑗

(4)

)−1

𝜉𝑛 = (Ē𝐶𝐻 × 𝑑𝑛 − Ē𝑛𝑜𝑛−𝐶𝐻
where pnis the probability of n node to be chosen as CH, k is the number of CHs, dn is the
distance between node and sink,ĒCHis the average residual energy of CHs, and Ē non -CH is the
average residual energy of non-CH nodes. In this paper, fuzzy logic is used to select the CHs
dynamically. The fuzzy input parameters are residual energy and the distance to BS. The output
parameter is the probability of becoming CH. The proposed method is compared to the well
known clustering protocol LEACH. Simulation results shows that the proposed method produces
better results than LEACH interms of energy consumption and network lifetime.
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3. Preliminaries
3.1 Network model
Before explaining the proposed algorithm in detail, the characteristics of the system model used
in implementation are given. Some assumptions made are:
• Nodes are randomly deployed in the sensing field
• Nodes and BS are stationary after deployment
• All nodes are homogeneous
• Links are symmetric
• Nodes are location unaware
• BS has sufficient knowledge about the network
3.2 Energy model
To minimize the energy consumption, first order radio model is used to very transmission power
with respect to the distance [12]. The reduction in transmission energy reduces the interference.
The energy dissipation at the transmitter (ETX) and receiver (ERX) with distance d for transmitting
an l-bit data packet is computed in equation (5) and (6):
𝑙 × 𝐸𝑒𝑙𝑒𝑐 + 𝑙 × 𝜀𝑓𝑠 × 𝑑 2
𝑖𝑓 𝑑 ≤ 𝑑0
𝐸𝑇𝑋 (𝑙, 𝑑) = {
(5)
4
𝑙 × 𝐸𝑒𝑙𝑒𝑐 + 𝑙 × 𝜀𝑚𝑝 × 𝑑
𝑖𝑓 𝑑 > 𝑑0
𝐸𝑅𝑋 (𝑙)

= 𝑙 × 𝐸𝑒𝑙𝑒𝑐

(6)

where Eelecis the dissipated energy in transmitter or receiver and it is based on various factors
like digital coding, modulation, filtering, and spreading of the signal. The distance threshold is
defined as 𝑑0 = √𝜀𝑓𝑠 ⁄𝜀𝑚𝑝 . Based on the transmission distance d, the free space (fs) or multipath
fading channel (mp) is used for the transmitter amplifier.
4. Proposed System
Many researchers are involved in fuzzy based clustering technique. Because of the uncertainties
occurring in the WSN environments, increasing number of clustering-based protocols make use
of fuzzy logic for clustering in WSNs. Using the fuzzy input and output variables, uncertainties
inherent in the WSN nature are handled effectively. And, it has low computational complexity
and more flexibility than crisp logic. The fuzzy inference system can be employed to get a better
combination of the applicable input parameters to obtain optimal output, which is the CH
selection procedure in this context. The fuzzy logic controller consists of four parts which is
shown in Fig 3.

Fig. 3. Fuzzy Logic Controller
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•
•
•
•

Fuzzy rule base: It stores a set of IF-THEN rules.
Fuzzy Inference Engine: The inference engine maps the input values with rule base table
to produce fuzzified output rules
Fuzzification module: translates crisp inputs into fuzzy values.
Deffuzification: translates fuzzy outputs into crisp values

In this paper, a dynamic CH selection is done with the help of fuzzy logic. The fuzzy input
parameters are residual energy and the distance to BS. The output parameter is the probability of
becoming CH. Initially, the crisp inputs and mapped into appropriate fuzzy sets. The linguistic
variables for the input variables and the respective values are shown in table1.

Parameters
Residual energy

Table 1 Parameters and the linguistic variables
Linguistic variables
Low, Medium, High

Distance to BS
Probability of becoming CH

Close, Medium, Far
Very large, Large, Rather large,
Medium large, Medium, Medium
small, Rather small, Medium Small,
Very small

The proposed method uses triangular and trapezoidal membership functions. Trapezoidal
membership functions are used for border values and triangular membership functions are used
for intermediate values. The rule base table of the proposed system is shown in Table 2. For
example, IF (Energy ==Low) AND (Distance ==Close) THEN (Probability== Very High).
Likewise, rule base table have 27 rules.

Rule
no
1
2
3
4
5
6
7
8
9

Residual
energy
Low
Medium
High
Low
Medium
High
Low
Medium
High

Table 2 Fuzzy rule base table
Distance to
Prob. of becoming CH
BS
Close
Very high
Close
High
Close
Rather high
Medium
Medium high
Medium
Medium
Medium
Medium low
Far
Rather low
Far
Low
Far
Very low

Crisp inputs are transformed into fuzzy sets by applying the fuzzification functions then
combined with if-then rules to get the fuzzy output. Defuzzification process transforms the fuzzy
output probability to a crisp value representing the probability of a node to become a clusterhead. Once the probability of becoming CH is determined by fuzzy logic, BS broadcasts its
12
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probability to all nodes. The nodes receive the message and identify its probability. The nodes
advertise the probability value to its neighbors within the communication range. When no higher
probability message is received by a node, it elects itself as CH. The CH broadcasts its status to
its neighbors. The nodes receiving the CH message, joins the cluster as cluster member. After the
formation of clusters, cluster member sense the value and forwards to CH. CH receives the data
and aggregates into a single packet. CH forwards the aggregated packet to BS via intermediate
CHs.
5. Simulation results and discussion
The proposed method is simulated and results are evaluated using MATLAB. The proposed
method is compared with the well known existing clustering protocol LEACH. The extensive
experimental results show that the performance of the proposed method is better than LEACH in
terms of energy consumption and network lifetime. The simulation parameters are listed in Table
3. We have randomly deployed 100 sensor nodes in a region of 200x200m2.
Table 3 Simulation Parameters
Parameter
Value
Area
200x200m2
Number of sensor nodes 100
Initial energy
0.5 J
Eelec
50nJ/bit
10 pJ/bit/m2
fs
0.0013 pJ/bit/m4
mp
Packet size
4000 bits
The number of alive nodes for several rounds is shown in Fig 4. From Fig 4, it is clear that the
number of alive nodes is high for the proposed method than LEACH. LEACH selects the CHs
randomly and does not include any node parameter for CH selection. Fuzzy logic uses residual
energy and distance to BS to compute CH selection. This result to effective selection of CH and
the nodes operates for longer time than normal. This leads to the increase in number of alive
sensor nodes in the network. The energy consumption of the proposed method is compared with
the LEACH is shown in Fig 5. It shows the energy consumption of the proposed system is lower
than LEACH. The increase rate of energy consumption of the proposed system is much lower
than the rate of LEACH. The sensor node in the proposed method consumes lesser energy
compared to LEACH. This proves that the dynamic CH selection using fuzzy logic performs
well and produces better results than LEACH.

Proposed method
LEACH

Proposed method
LEACH
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Fig 4. Number of alive sensor nodes

Fig 5. Energy consumption of sensor nodes

6. Conclusion
In this paper, fuzzy logic based dynamic CH selection is done in WSN. The residual energy of
the sensor node and the distance between sensor node and BS is used as fuzzy input parameters
and the probability of becoming CHs is the output parameter. The proposed method is simulated
and the proposed method is compared to LEACH. The experimental results show that the
proposed method produces better results than LEACH. The proposed method is compared to
LEACH interms of energy consumption and network lifetime. The fuzzy based CH selection
minimizes the energy consumption and maximizes the network lifetime significantly.
REFERENCES
[1]
[2]
[3]

[4]
[5]
[6]

[7]
[8]

[9]

[10]

[11]
[12]

[13]

F. Akyildiz, W. Su, Y. Sankarasubramaniam, and E. Cayirci, “Wireless sensor networks:
a survey,” Comput. Netw., vol. 38, no. 4, pp. 393–422, 2002.
Yick, J., Mukherjee, B., & Ghosal, D. Wireless sensor network survey. Computer
Networks, vol. 52, no. 12, pp. 2292–2330, 2008.
Potdar, V., Sharif, A., & Chang, E. Wireless sensor networks: A survey. In International
conference on advanced information networking and applications workshops WAINA’09
(pp. 636–641). IEEE, 2009.
Estrin, D., Heidemann, J., Kumar, S., Rey, M., n.d. 4676 Admiralty Way. Inf. Sci. (Ny).
Raghavendra, C.S., Sivalingam, K.M., Znati, T. Wireless Sensor Networks, 1st ed.
Springer US, US , 2004.
Anastasi, G., Conti, M., Di Francesco, M., Passarella, A., Energy conservation in wireless
sensor networks: A survey. Ad Hoc Networks, Vol. 7, pp. 537–568, 2009..
doi:10.1016/j.adhoc.2008.06.003
Zheng and Abbas Jamalipour, ”Wireless Sensor Networks: A Networking Perspective”, a
book published by A John and Sons, Inc, and IEEE, 2009.
W. Heinzelman, A. Chandrakasan and H. Balakrishnan, ”Energy-Efficient
Communication Protocol for Wireless Microsensor Networks”, Proceedings of the 33rd
Hawaii International Conference on System Sciences (HICSS 00), January 2000.
Heinzelman, W. B. ,Chandrakasan, A. P. , & Balakrishnan, H. An application- specific
protocol architecture or wireless microsensor networks. IEEE Transaction on Wireless
Communications, Vol. 1, No. 4, pp. 660–670, 2002 .
Jia, J., He, Z. ,Kuang, J. , & Mu, Y. An energy consumption balanced clustering
algorithm for wireless sensor network. In Proceedings of the 6th International Conference
on Wireless Communications Networking and Mobile Computing pp. 1-4, 2010.
Kang, S. H. & Nguyen, T. Distance based thresholds for cluster head selection in wireless
sensor networks. IEEE Communications Letters, Vol. 16, No. 9, pp. 1396–1399, 2012 .
Heinzelman, W. B., Chandrakasan, A. P. ,& Balakrishnan, H. An application- specific
protocol architecture for wireless microsensor networks. IEEE Transac- tion on Wireless
Communications, Vol. 1, No.4, pp. 660–670, 2002.
Jansirani, A., Rajesh, R., Balasubramanian, R., & Eswaran, P. (2011). Hi-tech
authentication for pslette images using digital signature and data hiding. Int. Arab J. Inf.
Technol., 8(2), 117-123.
14

COPYRIGHT TO IJETIE

IJETIE Vol. 5, Issue 1, January 2019

[14] Shankar, K., Lakshmanaprabu, S. K., Gupta, D., Khanna, A., & de Albuquerque, V. H. C.
Adaptive optimal multi key based encryption for digital image security. Concurrency and
Computation: Practice and Experience, e5122.
[15] Elhoseny, M., Shankar, K., Lakshmanaprabu, S. K., Maseleno, A., & Arunkumar, N.
(2018). Hybrid optimization with cryptography encryption for medical image security in
Internet of Things. Neural Computing and Applications, 1-15.
[16] K. Shankar, Lakshmanaprabu S. K, “Optimal key based homomorphic encryption for
color image security aid of ant lion optimization algorithm”, International Journal of
Engineering & Technology, Volume. 7, Issue. 9, page(s): 22-27, 2018.
[17] Gupta, D., Khanna, A., Shankar, K., Furtado, V., & Rodrigues, J. J. Efficient artificial
fish swarm based clustering approach on mobility aware energy‐efficient for MANET.
Transactions on Emerging Telecommunications Technologies, e3524.
[18] Uthayakumar, J., Metawa, N., Shankar, K., & Lakshmanaprabu, S. K. (2018). Financial
crisis prediction model using ant colony optimization. International Journal of
Information Management.
[19] K. Shankar and P.Eswaran. “ECC Based Image Encryption Scheme with aid of
Optimization Technique using Differential Evolution Algorithm”, International Journal
of Applied Engineering Research, Volume: 10, No.5, pp. 1841–184, 2015.
[20] Uthayakumar, J., Metawa, N., Shankar, K., & Lakshmanaprabu, S. K. (2018). Intelligent
hybrid model for financial crisis prediction using machine learning techniques.
Information Systems and e-Business Management, 1-29.
[21] Shankar, K., Elhoseny, M., Kumar, R. S., Lakshmanaprabu, S. K., & Yuan, X. (2018).
Secret image sharing scheme with encrypted shadow images using optimal homomorphic
encryption technique. Journal of Ambient Intelligence and Humanized Computing, 1-13.
[22] Lakshmanaprabu, S. K., Mohanty, S. N., Shankar, K., Arunkumar, N., & Ramirez, G.
(2019). Optimal deep learning model for classification of lung cancer on CT images.
Future Generation Computer Systems, 92, 374-382.
[23] Elhoseny, M., Shankar, K., Lakshmanaprabu, S. K., Maseleno, A., & Arunkumar, N.
(2018). Hybrid optimization with cryptography encryption for medical image security in
Internet of Things. Neural Computing and Applications, 1-15.
[24] Avudaiappan, T., Balasubramanian, R., Pandiyan, S. S., Saravanan, M.,
Lakshmanaprabu, S. K., & Shankar, K. (2018). Medical image security using dual
encryption with oppositional based optimization algorithm. Journal of medical systems,
42(11), 208.
[25] Lakshmanaprabu, S. K., Shankar, K., Gupta, D., Khanna, A., Rodrigues, J. J., Pinheiro, P.
R., & de Albuquerque, V. H. C. (2018). Ranking analysis for online customer reviews of
products using opinion mining with clustering. Complexity, 2018.
[26] Karthikeyan, K., Sunder, R., Shankar, K., Lakshmanaprabu, S. K., Vijayakumar, V.,
Elhoseny, M., & Manogaran, G. (2018). Energy consumption analysis of Virtual
Machine migration in cloud using hybrid swarm optimization (ABC–BA). The Journal of
Supercomputing, 1-17.
[27] Shankar K, Mohamed Elhoseny, Lakshmanaprabu S K, Ilayaraja M, Vidhyavathi RM,
Mohamed A. Elsoud, Majid Alkhambashi. Optimal feature level fusion based ANFIS
classifier for brain MRI image classification. Concurrency Computat Pract Exper.
2018;e4887.https://doi.org/10.1002/cpe.4887
[28] Lydia, E. L., Kumar, P. K., Shankar, K., Lakshmanaprabu, S. K., Vidhyavathi, R. M., &
15
COPYRIGHT TO IJETIE

IJETIE Vol. 5, Issue 1, January 2019

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Maseleno, A. (2018). Charismatic Document Clustering Through Novel K-Means Nonnegative Matrix Factorization (KNMF) Algorithm Using Key Phrase Extraction.
International Journal of Parallel Programming, 1-19.
Lakshmanaprabu SK, K. Shankar, Ashish Khanna, Deepak Gupta, Joel J. P. C.
Rodrigues, Plácido R. Pinheiro, Victor Hugo C. de Albuquerque, “Effective Features to
Classify Big Data using Social Internet of Things”, IEEE Access, Volume.6,
page(s):24196-24204, April 2018.
K.Shankar and P.Eswaran. “RGB Based Multiple Share Creation in Visual Cryptography
with Aid of Elliptic Curve Cryptography”, China Communications, Volume. 14, Issue. 2,
page(s): 118-130, February 2017.
Nur Aminudin, Andino Maseleno, K. Shankar, S. Hemalatha, K. Sathesh kumar, Fauzi,
Rita Irviani, Muhamad Muslihudin, “Nur Algorithm on Data Encryption and
Decryption”, International Journal of Engineering & Technology, Volume. 7, Issue-2.26,
page(s): 109- 118, June 2018.
Pandi Selvam Raman, K. Shankar, Ilayaraja M, “Securing cluster based routing against
cooperative black hole attack in mobile ad hoc network”, International Journal of
Engineering & Technology, Volume. 7, Issue. 9, page(s): 6-9, 2018.
K.Shankar and P.Eswaran. “RGB Based Secure Share Creation in Visual Cryptography
Using Optimal Elliptic Curve Cryptography Technique”, Journal of Circuits, Systems,
and Computers, Volume. 25, No. 11, page(s): 1650138-1 to 23, November 2016.
K. Sathesh Kumar, K. Shankar, M. Ilayaraja, M. Rajesh, “Sensitive Data Security in
Cloud Computing Aid of Different Encryption Techniques”, Journal of Advanced
Research in Dynamical and Control Systems, Volume. 9, Issue. 18, page(s): 2888-2899,
December 2017.
I. Ramya Princess Mary, P. Eswaran, K. Shankar, “Multi Secret Image Sharing Scheme
based on DNA Cryptography with XOR”, International Journal of Pure and Applied
Mathematics, Volume 118, No. 7, page(s) 393-398, February 2018.
K. Shankar, Mohamed Elhoseny, E. Dhiravida chelvi, SK. Lakshmanaprabu, Wanqing
Wu, , IEEE Access, Vol.6, Issue.1, page(s): 77145-77154, December 2018.
https://doi.org/10.1109/ACCESS.2018.2874026
E. Laxmi Lydia, K. Shankar, J. Pamina, J. Beschi Raja, “Correlating NoSQL Databases
With a Relational Database: Performance and Space”, International Journal of Pure and
Applied Mathematics, Volume 118, No. 7, page(s) 235-244, February 2018.
K. Shankar, G. Devika and M. Ilayaraja, “Secure and Efficient Multi-Secret Image
Sharing Scheme based on Boolean Operations and Elliptic Curve Cryptography”,
International Journal of Pure and Applied Mathematics, Volume 116, Issue. 10, page(s):
293-300, October 2017.
M. Ilayaraja, K. Shankar and G. Devika, “A Modified Symmetric Key Cryptography
Method for Secure Data Transmission”, International Journal of Pure and Applied
Mathematics, Volume 116, Issue. 10, page(s): 301-308, October 2017.
G. Devika, M. Ilayaraja and K. Shankar, “Optimal Radial Basis Neural Network (ORBNN) For Effective Classification of Clouds in Satellite Images with Features”,
International Journal of Pure and Applied Mathematics, Volume 116, Issue. 10, page(s):
309-329, October 2017.
K. Shankar. “An Optimal RSA Encryption Algorithm for Secret Images”, International
Journal of Pure and Applied Mathematics, Volume 118, No. 20 page(s): 2491-2500,
16

COPYRIGHT TO IJETIE

IJETIE Vol. 5, Issue 1, January 2019

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

2018.
M Elhoseny, X Yuan, Z Yu, C Mao, H El-Minir, and A Riad,. Balancing Energy
Consumption in Heterogeneous Wireless Sensor Networks using Genetic Algorithm”,
IEEE Communications Letters, IEEE, (2015), 19(12), pp, 2194 -2197.
Mohamed Elhoseny, Khaled Elleithy, Hamdi Elminir, Xiaohui Yuan, and Alaa Riad.
Dynamic Clustering of Heterogeneous Wireless Sensor Networks using a Genetic
Algorithm, Towards Balancing Energy Exhaustion. International Journal of Scientific &
Engineering Research, (2015), 6(8), pp, 1243-1252.
Mohamed Elhoseny, Xiaohui Yuan, Hamdy K El-Minir, and AM Riad, “ Extending selforganizing network availability using genetic algorithm”, In 2014 International
Conference on Computing, Communication and Networking Technologies (ICCCNT),
(2014),pp, 11-13.
K. Shankar and P.Eswaran. “An Efficient Image Encryption Technique Based on
Optimized Key Generation in ECC Using Genetic Algorithm”, Advances in Intelligent
Systems and Computing, Springer, Volume: 394, Page(s): 705-714, 2016.
Noura Metawaa, M. Kabir Hassana, and Mohamed Elhoseny. Genetic algorithm based
model for optimizing bank lending decisions. Expert Systems with Applications, 2017,
80, pp, 75–82.
Xiaohui Yuan, Daniel Li, Deepankar Mohapatra, Mohamed Elhoseny. Automatic
removal of complex shadows from indoor videos using transfer learning and dynamic
thresholding. Computers and Electrical Engineering, 2017, 70, pp, 813-825.
Hamid Reza Boveiri, Raouf Khayami, Mohamed Elhoseny, M. Gunasekaran. An
efficient Swarm-Intelligence approach for task scheduling in cloud-based internet of
things applications, Journal of Ambient Intelligence and Humanized Computing, 2018.
https://doi.org/10.1007/s12652-018-1071-1
K. Shankar and P.Eswaran. “Sharing a Secret Image with Encapsulated Shares in Visual
Cryptography”, Procedia Computer Science, Elsevier, Volume: 70, Page(s): 462-468,
2015.
Farahat I.S., Tolba A.S., Elhoseny M., Eladrosy W. Data Security and Challenges in
Smart Cities. In: Hassanien A., Elhoseny M., Ahmed S., Singh A. (eds) Security in Smart
Cities: Models, Applications, and Challenges. Lecture Notes in Intelligent Transportation
and Infrastructure. Springer, Cham, 2019. https://doi.org/10.1007/978-3-030-01560-2_6
Elhoseny M., Hassanien A.E. Expand Mobile WSN Coverage in Harsh Environments. In:
Dynamic Wireless Sensor Networks. Studies in Systems, Decision and Control, Springer,
Cham, 2019, 165,pp, 29-52. https://doi.org/10.1007/978-3-319-92807-4_2
Mohamed Elhoseny, Xiaohui Yuan, Hamdy K. El-Minir, Alaa Mohamed Riad. An
energy efficient encryption method for secure dynamic WSN. Security and
Communication Networks, 2016, 9(13), pp, 2024-2031.
K. Shankar and P.Eswaran, “A New k out of n Secret Image Sharing Scheme in Visual
Cryptography”, 2016 10th International Conference on Intelligent Systems and Control
(ISCO), IEEE, page(s): 369–374, 2016.
Mohamed Elhoseny, Hamdy Elminir, Alaa Riad, XiaohuiYuana. A secure data routing
schema for WSN using Elliptic Curve Cryptography and homomorphic encryption.
Journal of King Saud University - Computer and Information Sciences, 2016, 28(3), pp,
262-275.
Sriti Thakur, Amit Kumar Singh, Satya Prakash Ghrera, Mohamed Elhoseny. Multi-layer
17

COPYRIGHT TO IJETIE

IJETIE Vol. 5, Issue 1, January 2019

[56]

[57]

[58]

[59]

[60]

[61]

[62]
[63]

security of medical data through watermarking and chaotic encryption for tele-health
applications, Multimedia Tools and Applications, 2018. https://doi.org/10.1007/s11042018-6263-3
Elhoseny M., Hassanien A.E. Hierarchical and Clustering WSN Models: Their
Requirements for Complex Applications. In: Dynamic Wireless Sensor Networks.
Studies in Systems, Decision and Control, Springer, Cham, 2019, 165, pp, 53-71.
https://doi.org/10.1007/978-3-319-92807-4_3
K. Shankar and P.Eswaran. “A Secure Visual Secret Share (VSS) Creation Scheme in
Visual Cryptography using Elliptic Curve Cryptography with Optimization Technique”.
Australian Journal of Basic and Applied Sciences. Volume: 9, Issue.36, Page(s): 150-163,
2015.
Mohamed Elhoseny, Noura Metawa and Aboul Ella Hassanien, An automated
information system to ensure quality in higher education institutions, Proceedings of
12th International Computer Engineering Conference (ICENCO), IEEE, 2016, pp, 196 201, https://doi.org/10.1109/ICENCO.2016.7856468
AM Riad, Hamdy K El-Minir, Mohamed Elhoseny, “Secure Routing in Wireless Sensor
Networks: A State of the Art”, International Journal of Computer Applications, 67(7),
2013
Mohamed Elhoseny, HAMDY K Elminir, AM Riad, and Xiaohui Yuan, “Recent
advances of secure clustering protocols in wireless sensor networks”, International
Journal of Computer Networks and Communications Security, 2(11): 400-413, 2014.
Raja, J. Beschi, S. Chenthur Pandian, and J. Pamina. "Certificate revocation mechanism
in mobile ADHOC grid architecture." Int. J. Comput. Sci. Trends Technol 5 (2017): 125130.
Raja, J. Beschi, and K. Vivek Rabinson. "Iaas for Private and Public Cloud using
Openstack." International Journal of Engineering 5.04 (2016).
Raja, J. Beschi, and V. Vetriselvi. "Mobile Ad Hoc Grid Architecture Based On Mobility
of Nodes." International Journal of Innovative Research in Computer and
Communication Engineering 2 (2014): 49-55.

18
COPYRIGHT TO IJETIE

