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ABSTRACT 
In recent years, there has been a noticeable increase in the usage of wireless sensor networks in numerous 

backgrounds for example military operations and monitoring systems. These networks contain various sensor 

nodes having narrow power resource, which transmits the sensed data to the Base Station (BS) that requires 

more energy usage. Saving energy and prolonging the wireless sensor network lifetime, enforces a great 
challenge.For improved working of network many clustering algorithms have been proposed, mostly focusing 

on energy efficiency and network lifetime.  In this paper, we first check Distributed Energy- Efficient Clustering 

(DEEC) and Threshold DEEC (TDEEC) beneath some different scenarios covering high levels of heterogeneity 

to low levels of heterogeneity. We have observed comprehensively regarding the performance built on stability 

period and network life time. TDEEC performs superior in all heterogeneous situations containing adaptable 

heterogeneity in terms of network life time, however TDEEC is best of both for the stability period of the 

network. 

 

INTRODUCTION 
In numerous critical applications Wireless Sensor Networks are very advantageous such as military surveillance 

environmental, temperature, pressure, traffic, disaster areas and vibration monitoring. All the sensor nodes have 

to transmit their data towards Base Station often known as sink. Usually sensor nodes in WSN are power 

constrained payable to limited battery, that is also not possible to replace battery of previously deployed sensor 
nodes and nodes may be distributed where they can‟t accessed. Nodes may be placed far away from Base 

Station so direct communication is not possible due to less battery as in direct communication require more 

energy[1]. Cluster formation is the key method for reducing battery consumption in which nodes of the cluster 

elects one Cluster Head [2]. 

 

WSN is one of the group belongs to ad-hoc networks. These networks consist of sensor nodes.   A sensor node 

is a device which converts a sensed parameter like temperature, pressure, vibrations into a recognized form of 

users. In this network data is requested depending on certain physical quantity. A sensor node consists of 

transducer, an embedded processor, a small memory unit and wireless transceiver and all these devices 

connected to power supplied by a battery [3]. Cluster formation can be done in two ways of networks i.e., 

homogenous networks and heterogeneous networks. Sensor nodes which have same energy level are known as 
homogenous network and nodes that have different energy levels are known as heterogeneous network. LEACH 

(Low-Energy Adaptive Clustering Hierarchy)[4],[5], HEED (Hybrid Energy-Efficient Distributed 

clustering)[6],[7], PEGASIS (Power Efficient Gathering in Sensor Information Systems)[8] are algorithms for 

homogeneous networks. Whereas, SEP(Stable Election Protocol)[9], (DEEC)Distributed Energy-Efficient 

Clustering, DDEEC(Developed DEEC), EDEEC(Enhanced DEEC) and TDEEC(Threshold DEEC)  are 

algorithms for heterogeneous WSN. SEP is for two level heterogeneous network, so it cannot work properly for 

three or multilevel heterogeneous network. SEP takes only normal nodes and advanced nodes where normal 

nodes are low energy node and advanced nodes are high energy one. Distributed Energy-Efficient Clustering, D-

DEEC, E-DEEC and T-DEEC are considered for multilevel heterogeneous network and they can perform very 

efficiently in two level heterogeneous networks. 

 
In this paper, we investigate performance of heterogeneous Wireless Sensor Network protocols under multilevel 

heterogeneous networks. We have compared the performance of DEEC and T-DEEC for different conditions of 

multilevel heterogeneous WSN. Three level heterogeneous networks contain normal nodes, advanced nodes and 

super nodes whereas super nodes contain high energy level as compared to normal nodes and advanced 

nodes[10]. 

 

It is found that various protocols have various efficiency for three level and multilevel heterogeneous Wireless 

Sensor Networks in terms of nodes alive, stability period and network life time. DEEC perform good under 

three level heterogeneous Wireless Sensor Networks contains high energy level difference among normal nodes, 
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advanced and super nodes in terms of stability. However, its deficiency in performance as compared to T-DEEC 

in terms of lifetime of the network. Whereas, T-DEEC perform well under three and multilevel heterogeneous 

networks contains lower energy level difference between normal nodes, advanced nodes  and super nodes in 

terms of both network lifetime and stability period[11]. 

 

HETROGENEOUS NETWORK MODEL 
In this subdivision, let N number of nodes distributed in a square region of M×M dimension. Heterogeneous 
networks contain two or multi types of nodes regarding their energy levels and are named as two, three and 

multilevel heterogeneous networks respectively[12]. 

 

Two Level Heterogeneous Networks Model 

Two level heterogeneous Wireless Sensor Networks contains two energy level of sensor nodes they are normal 

and advanced nodes. Where, E0 is the energy of normal nodes and E0(1 + a) is the energy of advanced nodes 

containing „a‟times the energy  of the normal nodes. If N is the total number of sensor nodes then „Nq‟is the 

total number of advanced nodes where „q‟refers to the fraction of the advanced nodes and N(1 − q) is the total 

number of normal nodes. The total early energy of the sensor network is the sum of energies of normal nodes 

and advanced nodes. 

0)1()1( EaNqqNETotal   

....(1)..........   )1(0 aqNEETotal 
 

 

Three Level Heterogeneous Wireless Sensor Networks Model
 

Three level heterogeneous networks have three energy levels of sensor nodes i.e., normal nodes, advanced nodes 

and super nodes. Normal nodes that contain energy ofE0, advanced nodes of fraction „q‟have  „a‟times more 

energy than the  normal nodes i.e., E0(1 + a) whereas, the super nodes of fraction m0 have a factor of „c‟times 
extra energy than the normal nodes so their energy i.e., E0(1 + c). As N the total number of nodes in the sensor 

network, then Nqm0 is number of super nodes and Nq(1 – m0) is number of advanced nodes. The total early 

energy of three level heterogeneous network is given by: 
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The three level heterogeneous networks contain (a + m0c) times more energy than the homogeneous networks. 

 

Multilevel Heterogeneous Wsns Model 

Multilevel heterogeneous Wireless Sensor Network is a network which contains nodes of multi energy levels. 

The early energy of sensor nodes is placed over a close set [E0, E0(1 + amax)], where E0 is the low energy bound 

and amax is the value of maximum energy. Early, node Si has initial energy of E0(1+ai), which is ai times more  

than the low energy bound E0. The total early energy of multi-level heterogeneous WSNs is given by: 
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Cluster Head nodes consumes more amount of energy as compared to remaining  nodes so after some rounds 

have finished, energy of all the sensor nodes becomes dissimilar as compared to each other. Therefore, 
heterogeneity is presented in homogeneous Wireless Sensor Networks and the networks which contain 

heterogeneity are most important than homogeneous WSNs. 

 

RADIO DISSIPATION MODEL FOR WSN 
The radio energy model for WSN describes l bit message is sent over a distance d as in, energy transmitted is 

then given by: 
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Where, Eele is the energy used per bit to run transmitter or receiver in the circuit. „d‟is the distance between 

transmitter and receiver. If this distance is lower than the threshold, free space(fs) model is suggested, else multi 

path(mp) model is suggested. Now, total energy dissipated in the sensor network during a round is given below 

  .....(5)..........         2 24
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dtoBS = average distance between the Cluster Head  & BS 
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dtoCH =  average distance between the Cluster Head & cluster member 
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OVERVIEW OF DISTRIBUTED HETEROGENEOUS NETWORKS   

DEEC 
DEEC is proposed to deal with sensor nodes of heterogeneous networks. For Cluster Head selection, DEEC uses 

early and residual energy levels of nodes. Here „i‟denotes the number of rounds to be a Cluster Head for node Si. 
PoptN is the optimum number of Cluster Heads in the network during each round. Cluster Head selection in 

DEEC is based on energy levels of nodes. As in homogenous WSN, the nodes with same amount of energy 

during each time then choosing i = Popt assumes that PoptN Cluster Heads in each round. In WSNs, sensor nodes 

with high energy level are most probable to become Cluster Head than nodes with lower energy but the total 

value of Cluster Heads during each epoch is equal to PoptN. Pi is the probability for each sensor node Si to 

become Cluster Head so, node with higher energy level has more value of Pi when compared to the Popt. )(rE   

Denotes the average energy of the network during each round r which can be given as:  
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Probability for Cluster Head selection in DEEC is given below: 
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In DEEC average total number of Cluster Head during each roundis given as: 
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Pi is the probability of each node to become Cluster Head in a round. Where „G‟is set of nodes that are eligible 

to become a CH at round r. If a node becomes CH in recent number of rounds then it belongs to G. During each 

round each sensor node selects a random number between 0 and 1. If number is lesser than the threshold as 

given in equation 12 as in, it is eligible to become a Cluster Head else not. 
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As Popt is the reference value of the average probability pi. In homogenous network, all nodes have same early 

energy so that they use Popt to be reference energy for probability Pi. However in heterogeneous network, the 

value of Popt is unlike according to the early energy of the node. In two level heterogeneous networks the value 
of Popt is given as  
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Then use the above given Padv and Pnrm instead of Popt in the equation 8 for two level heterogeneous networks as 

supposed in: 
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Above model can be extended to multilevel heterogeneous networks given below as: 
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Above P(Si) in the equation 10 instead of Popt to get Pi for heterogeneous node. Pi for the multilevel 

heterogeneous networks is given as: 
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In DEEC we estimate average energy E(r) of the network for any round r as in: 
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R denotes total number of rounds of network lifetime and is valued as follows: 
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Etotal is the total energy of network where Eround is energy spending during each round. 

 

T-DEEC

 
T-DEEC uses the same mechanism for Cluster Head selection and average energy calculation as proposed in the 

DEEC. At each epoch, nodes will decide whether to become a Cluster Head or not by selecting a random 

number from 0 to 1. If the number is lesser than the threshold Ts as given in equation 16 then nodes will decide 

to become a Cluster Head for the given round. In T-DEEC, threshold value is in sync and based on that value a 

sensor node decides whether to become a Cluster Head or not by presenting residual energy and the average 
energy of particular round with respect to the optimum number of Cluster heads. Threshold value in T-DEEC is 

given as follows: 
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RESULTS AND DISCUSSION 
 

Case 1 

Taking a=1; b=2;   m=0.5;mo=0.4;the variation of packets from clusters to the base station in DEEC, DDEEC 

and TDEEC has been shown in below figure. From this figure we can find that packets sent to base station for 

DEEC and DDEEC vary linearly from 0 to 2500 rounds from there it remains constant till 10000 rounds that is 

at 0.75x105 for DEEC. But in TDEEC packets sent to base station are increasing linearly from 0 to 5000 rounds 

then remaining constant at 3.25x105. 
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Fig 1:Variation of packets sent to base station in DEEC and T-DEEC for case 1 

 

 
Fig 2: Variation of packets sent to Base Stationfor DEEC and T-DEEC for case 2 

 

In the above figure taking a=2; b=4;m=0.6;mo=0.5;From this figure we can find that packets sent to base station 

for DEEC vary from 0 to 3500 rounds from there it remains constant till 10000 rounds that is at 1.75x105 for 

DEEC. But in TDEEC packets sent to base station are increasing linearly from 0 to 10000. 
 

CONCLUSION 

In this paper we have examined DEEC and T-DEECfor heterogeneous Wireless Sensor Networks containing 

different levels of heterogeneity. Simulations done in this paper prove that DEEC perform good in the networks 

containing high energy difference between normal nodes, advanced nodes and super nodes. Whereas, we find 

out that TDEEC perform well in all cases. TDEEC has best performance in terms of stability period and life 

time. Hence TDEEC is improved in terms of stability period while compromising on lifetime 
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