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Abstract— Wireless sensor networks with hundreds of tiny 

sensor nodes, are expected to achieve wide applicability and 

increasing deployment in coming years, as they enables the 

reliable monitoring and analysis of the environment. This 

paper, we propose a hybrid routing protocol (APTEEN) 

which allows for comprehensive information retrieval. The 

nodes in such a network not only react to time-critical 

situations, but also give an overall image of the network at 

periodic intervals in a very energy efficient manner. We judge 

the performance of these protocols and observe that these 

protocols are observed to outperform existing protocols in 

terms of energy consumption and longevity of the network. 

This paper shows us a Multiple Adaptive Threshold-sensitive 

Energy Efficient Network based on Ant-colony 

(AMAPTEEN). The optimization of ADCAPTEEN and CH 

selects intermediate node (IM_node) multiple times along 

with ant colony algorithm per round in each cluster, and this 

way forms the multiple route transmission data. Simulation 

in the OPNET proves that compared with APTEEN, 

ADCAPTEEN, AMAPTEEN reduces energy dissipation, 

improves node survival rate, and extends network life time. 

Keywords: Wireless Sensor Network (WSN), APTEEN, Ant 

Colony Algorithm, Multiple Routes   

I. INTRODUCTION 

A wireless sensor network is the network of sensor node 

without wired communication between the nodes. A wireless 

sensor network (WSN) typically consists of a sink node 

sometimes referred to as a base station and a leaf node 

verbally expresses diminutive sensor node. The base station 

is surmised to be secure with illimitable available energy 

while the leaf nodes are surmised to be unsecured with 

inhibited available energy. The sensor nodes including cluster 

node, leaf node monitor a geographical area and capture data 

say Sensory information. 

APTEEN is a belief hybrid clustering routing 

protocol. It makes comparison of APTEEN protocol with 

double cluster heads Adaptive Threshold Sensitive Energy 

Efficient Network based on ant colony (ADCAPTEEN) 

protocol, and ADCAPTEEN protocol with Multiple Adaptive 

Threshold-sensitive Energy Efficient Network based on ant 

colony (AMAPTEEN) protocol. Combining the advantages 

of both ant colony algorithm and double cluster heads is 

introduced in this paper. In ADCAPTEEN, one master cluster 

head (MCH) and one vice cluster head (VCH) are chosen in 

each cluster to work on data collection, fusion, and 

transmission via the double cluster heads (DCH). MCH only 

communicates with VCH. It avoids the direct communication 

between MCH and sink nodes. Simulation results show that 

ADCAPTEEN decreases the energy dissipation, improves 

node survival rate, and increases the network life cycle 

compared to APTEEN. However, there is only one 

intermediate node (IM_node), i.e., VCH, is chosen per round 

in each cluster. Just one path is formed between MCH and 

sink node in each round. This paper introduces AMAPTEEN, 

combining the characteristics of the ant colony algorithm to 

quickly identify optimal path and APTEEN. It is an extension 

of ADCAPTEEN.  

The IM_node is chosen, by using ant colony 

algorithm, as soon as there is data transmitted from CH to the 

sink node. It is chosen to avoid the direct communicate 

between cluster head and sink nodes. A new optimal path is 

identified every time, but with likely different identified 

paths. Therefore, the scheme intends to assign tasks to the 

multiple paths for saving the energy. Simulation results show 

that in the same network and parameter settings.  

AMAPTEEN further delays the time of node death, reduces 

the energy consumption of nodes, and improves the network 

lifetime compared to ADCAPTEEN. 

II. APTEEN PROTOCOL 

APTEEN protocol is based on LEACH with CH being 

selected in random. During the forming of clusters, it will 

generate random numbers ranging from 0 to 1 compared with 

a threshold, T(n). The node is made as a CH for the current 

round, should the generated value < T(n); otherwise, the node 

remains as a cluster member (CM). 

T(n) = {
𝑝

1 − 𝑝 ∗ (𝑟 𝑚𝑜𝑑
1

𝑝
)

;    if n   G 

  0                                            ; Otherwise 

Where, p is selected for the probability of the 

MCH’s among all the nodes, r is the number of current round, 

and G is the collections of the nodes that have not been 

selected as MCH nodes during the previous 1/p rounds.CH is 

determined it declares itself selected as the CH in this round 

and broadcasts the attributes, Hard threshold (HT), Soft 

threshold (ST), and Count time (CT) parameters. Every node 

may acquire messages from one or more MCH and will 

choose its participation in the cluster which has the strongest 

received signal. After cluster formation, CM starts sensing 

continuously. When the value exceeds HT, sensed value (SV) 

is stored in an internal variable and the data is transmitted to 

CH according to TDMA schedule assigned for it and then, 

CM node keeps on sensing the data. The sensed value will be 

stored and transmitted again only if the sensed value exceeds 

HT, and meanwhile, the variations of sensed value in the 

transmitter and receiver exceed the ST. In addition, as CT is 

surpassed, the sensed value does not exceed threshold value 

which causes no sensed data, the nodes are forced to transmit 

data to CH. Since the data transmission appears periodic, the 

sensed values of nodes are transmitted frequently to CH. 

Reasonable selection on threshold values and CT can reduce 

the energy consumption of APTEEN. 

A. Sensor energy model 

Figure 1 elaborated the radio energy model which is cast-off 

to evaluate the APTEEN as well as various APTEEN in this 



Clustering Protocols in Wireless Sensor Network: A Simulation 

 (IJSRD/Vol. 7/Issue 07/2019/030) 

 

 All rights reserved by www.ijsrd.com 127 

paper. For transmitting the l-bit message overd, the node 

energy consumption is given by 

ETx (l,d) = Eelec (l) + Emp (I,d) 

=  Eelec × l + l × ℇfs × d2 ;              d < d0 

=  Eelec × l + l × ℇmp × d4  ;            d ≤ d0 

And,  the energy consumption for receiving the l-bit message 

over dis given by 

ERx (l) = l × Eelec 

 
Fig. 1: Communication energy consumption model of WSN. 

In the above equation, Eelec denotes the transmitting 

or receiving circuit loss, d0 denotes the criticality values d0 = 

⎷ℇfs / ⎷ℇm. If the communication distance d is greater than the 

threshold distance d0, i.e., d ≥ d0, the multipath fading channel 

mode is used as (d4 consumption loss). The coefficients for 

power amplification is denoted by ℇmp ; otherwise, the free 

space channel model is chosen (d2 consumption loss), and the 

coefficients for power amplification is denoted as ℇfs. 

B. DCH protocols 

The DCH protocol for the WSN is that the nodes are grouped 

into clusters and the routing algorithm allows to selecting a 

MCH and a VCH in every cluster. The two kinds of cluster 

head play different type of roles in the network. DCH 

cooperate mutually to complete the collection and 

aggregation of primary data and transmission from cluster to 

the sink node. Nodes in the cluster transmit data to MCH 

which collects and fuses data and sends aggregation data to 

the same cluster of VCH. VCH transmits data too far to sink 

nodes. Since the direct communication between MCH and 

sink node is avoided, energy consumption is reduced to a 

large degree and lifetime of the network is extended. 

III. PROPOSED PROTOCOLS 

A. ADCAPTEEN Protocol 

It presents the ADCAPTEEN network model. The structure 

of the network model consists of CM, MCH, VCH, and Sink 

node in four parts. In each cluster, MCH and VCH are 

selected frequently. The CM is responsible for collecting and 

transmitting data to the MCH. The MCH collects and merges 

the data and sends the converged data to the VCH of the 

cluster, and the VCH forward sends that data to the sink node 

for a far distance. Each round is divided into two phases: the 

phase of cluster formulation and intra-cluster data 

transmission and the phase of VCH selection and Stable state. 

Firstly, it optimizes the computing method of the threshold, 

T(n). The improved T(n) considers the residual energy of 

nodes. The improved threshold T(n) can be expressed with 

Equation (1). The MCH is selected by considering the 

remaining energy of each node. The choice of MCH is more 

reasonable. 

T(n) =   
p

1 − p ∗ (r mod
1

p

  ∗  α ∗
ei

einit
;      if  n £ G 

                                  0          ;          otherwise                  (1) 

where ei is the current remaining energy of node, einit 

is initial energy (i) of node, and α is the Regulatory factor. 

 
Fig. 2: ADCAPTEEN network model. The ADCAPTEEN 

network model consists of CM, MCH, VCH, and sink node 

in four parts. 

Each node compares the generated random number 

with equation (1) threshold to visualise the current round of 

the MCH. If it is MCH, broadcast news announce them as the 

current round of MCH. The non-MCH node receives the 

broadcast information, determines which cluster is to join 

according to received signal strength, and sends a join request 

to the MCH with the stronger received signal to become the 

cluster CM; the nodes are divided dynamically into several 

clusters and establish a virtual link between the MCH and the 

CM’s by the ACO algorithm. 

When CM receives the message, the MCH assigns 

TDMA time slots to all the CM in the cluster and sends them 

to the CM. In the phase of cluster formulation node energy in 

the network has been consumed of a different degree. The 

pheromone of the network is then calculated according to 

equation (2), which is expressed as: 

Γmi(t) =
Q∗

dmi
(1 − p)                         (2)         

Pheromone volatilization rate is defined as ρ,  

p  =
Einit−Em

Einit
 

, and it is related to node energy sending messages, where Einit 

is initial energy of MCH node, and Em is current energy of 

MCH node. dmi is distance from node i to MCH. Q is a preset 

parameter; the value of Q is 10 in this network. All CMs send 

data to MCHs when the conditions are met for data 

transmission of the proposed algorithm from CM to MCH. 

The conditions are as same as APTEEN, i.e., including ST, 

HT, and CT comparison. MCH send routing package, let CM 

report its energy message. CM send routing package carrying 

the current remaining energy information. MCH calculate the 

increase in pheromone concentration according to CM’s 

energy. The increased amount of pheromone in the 

corresponding link can be expressed as: 

Δ Γmi = β * 
𝑒𝑖

𝑒𝑖𝑛𝑖𝑡
 

where ei is the current energy i of node, einit is the 

initial energy i of node, and β is the regulatory factor. 

B. AMAPTEEN Protocol 

This protocol only focuses on the AMAPTEEN. In this 

pheromone updated formulas, AMAPTEEN considers the 

distances between CM and CH node and residual energy of 

CM. The AMAPTEEN protocol is illustrated, and its 

characteristics are explained here. Its network model is as 

below in figure 2. The structure of the network model mainly 



Clustering Protocols in Wireless Sensor Network: A Simulation 

 (IJSRD/Vol. 7/Issue 07/2019/030) 

 

 All rights reserved by www.ijsrd.com 128 

consists of CM, IM_node, and sink node four parts. CM sends 

the sensed data to CH, CH collects and fuses the data, and 

sends the fusion data to IM_node, forwards the data to a 

distant sink node. 

 
Fig. 3: AMAPTEEN network model. The AMAPTEEN 

network model consists of CM, CH, IM_node, and sink 

node four parts. 

The AMAPTEEN protocol’s implementation 

procedure appears periodic. CM sends the sensed data to CH, 

and CH collects and fuses data and sends the fusion of data to 

IM_node, forwards the data to a distant sink node. Each round 

is divided into two phases: the phase of cluster formulation 

and intra-cluster data transmission and the phase of optimal 

path selection and inter-cluster data transmission. Each node 

compares the generated random number with equation (1) 

threshold to determine the current round of the CH. Outside, 

the phase of cluster formulation and intra cluster data 

transmission is as same as ADCAPTEEN. The nodes are 

divided dynamically into several clusters. 

IV. SIMULATION AND ANALYSIS 

The simulation model includes many sensor nodes grouped 

into clusters and one fixed sink node. The OPNET is used to 

evaluate ADCAPTEEN compared with APTEEN and 

AMAPTEEN. In this experiment, 50-node network and 100-

node network are randomly distributed between the area of (x 

= 0, y = 0) and (x = 200, y = 125) with the sink node at (x = 

75, y = 175). The network models of WSN are shown in 

figure 6 and 7. It is periodic for this protocol to implement the 

process. Each round time is 20 s. The simulation parameters 

are shown in table 1. CM senses data continuously and 

assumes the detection times (DT) are K in per round, then 

CMs are forced to transmit data to MCH or CH if the number 

of times which CM is not transmitting data to CH exceeds 

CT. 

Parameter Value Parameter Value 

Initial 

energy 
0.5 J HT 5 

Data packet 4100 byte ST 0.1 

P 0.2 K 10 

Α 1 Β 10 

Eelec 50 nj/bit ℇfs 100pj/bit/m2 

EDA 
5nj/bit/sign

al 
ℇmp 

0.00013pj/bit

/m4 

Table 1: Parameter 

A. APTEEN Simulation and Analysis 

The Network life cycle of the algorithms is closely related 

with the probability to choose the cluster heads. After 

modeling and simulation in OPNET, network life cycle 

comparison with probabilities are 0.15, 0.2 and 0.25 

respectively is shown in figure 4. The horizontal axis is the 

simulation time, the vertical shaft is the number of live nodes. 

We can seen from figure 4, the smaller p values selected, the 

longer network life cycle. Therefore, the probability of 

elected cluster head elected cluster p is very important to 

improve the network performance of APTEEN protocol. The 

network constructed in it p = 0.15, p = 0.2, and p = 0.25 

belong to a reasonable range, p takes a value of 0.2 in 

APTEEN. To verify the validity and scalability of the 

network, we build 100 nodes network topology. Figure 5 

shows the network life cycle of APTEEN compared 100 

nodes with 50-node network topology. Randomly chosen as 

one of the nodes, Figure 6 is a single-node energy 

consumption of APTEEN in different network scales.  

 
Fig. 4: It shows life cycle of APTEEN in different 

probability. Network life cycle comparison with 

probabilities is 0.15, 0.2, and 0.25 i.e. in the 50-node 

network scene. As shown in the figure, the smaller p values 

selected, the longer network life cycle will be. 
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Fig. 5: The life cycle of APTEEN compared in different 

scales. 

Above figure shows the network life cycle of 

APTEEN compared 100 nodes with 50-node network 

topology. The network life cycles of both topologies show a 

downward trend stably. And the death time of the first node 

is also very close, so it established APTEEN network 

topology effectively. 

 
Fig. 6: Energy consumption of APTEEN compared in 

different scales. 

We can see that the increasing number of nodes 

makes node energy consumption more stable. The description 

of the network has strong scalability, suitable for large-scale 

network. A single-node energy consumption of APTEEN in 

different network scales. From this figure, we can see that 

increasing the number of nodes makes the node energy 

consumption more stable. 

The life cycle of APTEEN in different probabilities 

gives the smaller p value preferred it increases the network 

life cycle. For the death time we uses the APTEEN network 

topology, the death time downward trend stably is very in first 

node. At, last the comparisons of the both 3 topologies 

APTEEN, ADCAPTEEN, and AMAPTEEN are further 

closes to each other but in situation we need the stability, 

accuracy, life cycle etc. in the network so, the more reliable 

topology is APTEEN. It has all the requirements fulfilled 

which used in network for the better life cycle and with live 

nodes. AMAPTEEN has further extend the life cycle and 

improves its number of surviving nodes.   

It shows the comparison of network lifetime under 

ADCAPTEEN and AMAPTEEN. AMAPTEEN has further 

extended the life cycle and improved the number of surviving 

nodes compared with ADCAPTEEN. 

 

Fig. 7: The life cycle compared ADCAPTEEN with 

AMAPTEEN.  

ACKNOWLEDGEMENT 

I would like to express my sincere gratitude to my supervisors 

Prof. Rajesh Kumar and Dr. Hardeep Singh Saini for 

providing their invaluable guidance, suggestions, thoughts 

and comments throughout the course of the project. I would 

specially thank to Prof. Rajesh Kumar constantly motivating 

me to work harder and the material provided for relevant 

topics on APTEEN.  

REFERENCES 

APTEEN has one more parameter than the TEEN which is 

count time. Count time is a counter which is a time duration 

after which the node sends the sensed value to the CH 

whether it reaches the threshold or not. In this way it gives 

the solution for real time applications but at the cost of more 

energy dissipation [1]. 

This protocol provides a time critical information as 

well as constant transmission of sensed data to user. It works 

on the combination rule from both the LEACH and TEEN 

protocol. Its efficiency is between the two protocols as it 

performs the function of both the protocol [2]. 

If a node does not send data for a time period equal 

to the count time, it is forced to sense and retransmit the data 

thus maintaining energy consumption. It has the disadvantage 



Clustering Protocols in Wireless Sensor Network: A Simulation 

 (IJSRD/Vol. 7/Issue 07/2019/030) 

 

 All rights reserved by www.ijsrd.com 130 

that additional complexity is required to implement the 

threshold function and count time features [5] 

TEEN protocol in WSN is assumes a trusted 

environment where all sensor nodes cooperate each other 

without any attacks. The CH node creates a TDMA schedule 

and assigns each node a time slot when it can transmit. After 

setup phase, cluster members sense the phenomena and 

transmit the data to the CH Low-Energy Adaptive Clustering 

Hierarchy (LEACH)   is a good example of a proactive 

routing protocol with some small differences. TEEN 

protocol: node-to-CH, CH-to-BS, and CH-to-CH 

communication [8]. 

APTEEN protocol is the addition protocol of the 

TEEN protocol, which correct the parameters issued through 

the cluster head, which can change associated parameters 

according to the requests of users, together with a set of 

physical attributes uttered that users expect to get; hard and 

soft threshold; operation mode (TDMA); counting time (CT), 

the mainly time period represented successful data 

communication of a node. APTEEN moreover used superior 

TDMA scheduling thus allocating a specific slot for 

transmission for preventing data redundancies [12]. 

The architecture of APTEEN is same as in TEEN, 

which uses the concept hierarchical clustering for energy 

efficient communication between source sensors and the sink. 

APTEEN guarantees lower energy dissipation and helps in 

ensuring a large number of sensors alive. When the base 

station forms the clusters, the CHs broadcasts the attributes, 

the hard and soft threshold values, and TDMA transmission 

schedule to all nodes, and a maximum time interval between 

two successive reports sent to a sensor, called count time (TC) 

[15]. 

The “APTEEN” is an expansion of “TEEN” and 

goals at both taking episodic data gatherings and replying to 

time-critical events. After that, the C.H performs information 

accumulation, which has as a consequence to preserve power. 

The main advantage of “APTEEN” in contrast to “TEEN” is 

that nodes utilize a smaller amount power. on the other hand, 

the primary disadvantages of APTEEN are the complication 

and that it results in lengthier deferment times [22]. 

[1] Anamika Saini , Danish Usmani , (2017): Residual 

Energy Efficient Heterogeneous Clustered Hierarchy 

Protocol for Wireless Sensor Networks 

[2] Ali Norouzi and A. Halim Zaim, (2014): Genetic 

Algorithm Application in Optimization of Wireless 

Sensor Networks, Hindawi Publishing Corporation, The 

Scientific World Journal Volume 2014. 

[3] M. Aslam , N. Javid , A. Rahim, U. Nazir, (2012): Energy 

optimization and performance analysis of cluster based 

routing protocols extended from LEACH for WSNs 

[4] Sudip Misra, Sanjay K. Dhurandher, Mohammad S. 

Obaidat, Pushkar Gupta, Karan Verma, Prayag Narula, 

An ant swarm-inspired energy-aware routing protocol 

for wireless ad-hoc networks, The Journal of Systems 

and Software 83 (2010) 2188–2199  

[5] Sneha More, Prof. Mininath Nighot, (2016): Survey 

paper on Optimization of Wireless Sensor Networks 

using Artificial Intelligence Techniques, International 

Journal of Innovative Research in Computer and 

Communication Engineering, Vol. 4, Issue 12, 

December 2016 

[6] Debnath Bhattacharyya, Subhajit Pal , (2010) A 

Comparative Study of Wireless Sensor Networks and 

Their Routing Protocols 

[7] Ajit A. Chavan, Mininath K. Nighot, (2015): Secure and 

Cost-effective Application Layer Protocol with 

Authentication Interoperability for IOT, International 

Conference on Information Security & Privacy 

(ICISP2015), pp. 11-12 December 2015 

[8] Mininath Nighot, Ashok Ghatol, (2015): GPS based 

Distributed Communication Protocol for Static Sensor 

Network (GDCP), International Conference on 

Information Security & Privacy (ICISP2015), pp. 11-12 

December 2015  

[9] Saewoom Lee , Youngtae Noh , Kiseon Kim , 

(2013):Key Schemes for Security Enhanced TEEN 

Routing Protocol in Wireless Sensor Networks 

[10] A.H. Mohamed, K.H. Marzouk, (2015): Optimizing the 

Energy Consumption of Wireless Sensor Networks, 

International Journal of Applied Information Systems 

(IJAIS) Volume 10 – No.2, December 2015.  

[11] Neeraj Jaggi and Alhussein A. Abouzeid, (2007): 

Energy-Efficient Connected Coverage in Wireless 

Sensor Networks, 2007. 

[12] Mohammed Abo-Zahhad, Sabah M. Ahmed, Nabil 

Sabor and Shigenobu Sasaki, (2014): A New Energy 

Efficient Adaptive Clustering Protocol Based on Genetic 

Algorithm for Improving the Lifetime and the Stable 

Period of Wireless Sensor Networks, International 

Journal of Energy, Information and Communications 

Vol.5, Issue 3 (2014) 

[13] Payal Goyal , Umang Singh , (2016) :Hierarchical based 

Routing Protocol in WSN 

[14] Sohail Jabbar, Rabia Iram, Muhammad Imran, Awais 

Ahmad, Anand Paul, Abid AliMinhas, and Mohsin 

Iftikhar, (2015): Energy Aware Simple Ant Routing 

Algorithm for Wireless Sensor Networks, Hindawi 

Publishing Corporation Mathematical Problems in 

Engineering Volume 2015. 

[15] Gurjeet Singh, Er. Karandeep Singh, (2016): Modified 

Cluster Head Selection to Improve the Energy Efficiency 

of APTEEN Routing Protocol, International Journal of 

Innovations & Advancement in Computer Science 

IJIACS, Volume 5, Issue 7 July 2016 

[16] Arati Manjeshwar and Dharma P. Agrawal, (2002): 

APTEEN: A Hybrid Protocol for Efficient Routing and 

Comprehensive Information Retrieval in Wireless 

Sensor Networks, IEEE, Proceedings of the International 

Parallel and Distributed Processing Symposium 

(IPDPS.02) pp. 1530-2075, Vol. 02, 2002.  

[17] Ahmed M. Abd Elmoniem, Hosny M. Ibrahim, Marghny 

H. Mohamed, and Abdel-Rahman Hedar, (2012): Ant 

Colony and Load Balancing Optimizations for AODV 

Routing Protocol, Ashdin Publishing International 

Journal of Sensor Networks and Data Communications 

Vol. 1 (2012). 

[18] Gurjeet Singh , Karandeep Singh, (2016) Modified 

Cluster Head Selection to Improve the Energy Efficiency 

of APTEEN Routing Protocol 

[19] Charles E Perkins, Elizabeth M. Royer, (2007): Ad-hoc 

On-Demand Distance Vector Routing. 



Clustering Protocols in Wireless Sensor Network: A Simulation 

 (IJSRD/Vol. 7/Issue 07/2019/030) 

 

 All rights reserved by www.ijsrd.com 131 

[20] X Li, F Zhou, D Junping, LDTS: a lightweight and 

dependable trust system for clustered wireless sensor 

networks[J]. IEEE Trans. Inf. Forensics Sec. 8(6), 924–

935 (2013) 

[21] Debabrata Singh, Sanjeet Kumar Nayak. Enhanced 

modified LEACH (EMODLEACH) protocol for 

WSN[J]. Int. Symp. Adv. Comput. 

Commun.(ISACC),328–333(2015). 

[22] Pradeep Kaur , Sandeep Kad , (2017): Energy- Efficient 

Routing Protocols For Wireless Sensor Network : A 

Review 

[23] P Nayak, A Devulapalli, A fuzzy logic-based clustering 

algorithm for WSN to extend the network lifetime[J]. 

IEEE Sensors J. 16(1), 137–144 (2016) 

[24] Gopi Saminathan Arumugam, Thirumurugan 

Ponnuchamy. EE-LEACH: development of energy-

efficient LEACH Protocol for data gathering in WSN[J]. 

EURASIP J. Wirel. Commun. Netw.,(1):1–9(2015). 

[25] S. Manju Priya, A. Jeevarathinam, “A Study on Energy 

Routing Algorithms Using Clustering in Wireless Sensor 

Networks”,IJARCSSE, Volume 5, Issue 6, June 2015 

[26] Ossama Younis, Marwan Krunz, and Srinivasan 

Ramasubramanian,” Node Clustering in Wireless Sensor 

Networks: Recent Developments and Deployment 

Challenges”,IEEE,June 2006 

[27] Swati Sharma Dr. Pradeep Mittal,” Wireless Sensor 

Networks: Architecture, Protocols”, IJARCSSE, 

Volume 3,Issue 1, January 2013 

[28] Vinay Kumar, Sanjeev Jain and Sudarshan Tiwari,” 

Energy Efficient Clustering Algorithms in Wireless 

Sensor Networks: A Survey”, IJCSI International 

Journal of Computer Science Issues, Vol. 8, Issue 5, No 

2, September 2011 

[29] Priya Vyas,” Survey on Clustering Techniques in 

Wireless Sensor Network” (IJCSIT) I, Vol. 5 (5) , 2014.  


