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Abstract: Energy efficiency in routing protocols for Wireless sensor networks (WSNs) 

continue to receive more attention because the networks need them for data transmission.  

Threshold Sensitive Stable Election Protocol (TSEP), is reactive protocol that employed 

three levels of heterogeneity. The reactive nature of the protocol is because, the scheme has 

introduced hard and soft thresholds so that, the data will not be transmitted unnecessarily to 

the Base station by the nodes. This strategy has reduced energy consumption in the network. 

However, it was realised that, the thresholds used in selecting the cluster heads did not take 

into account the residual energy of the nodes and the distance between the nodes and the 

base station. These two factors become necessary since the nodes are mostly deployed at 

random. Also, the Base station is placed at the centre of the field, so when it comes 

application where the Base station must be outside, this protocol will have limitations. In this 

research work, an extended form of TSEP called eTSEP has been proposed. The new scheme 

introduces the distance and residual energy into the election probabilities of each level of the 

nodes. This will allow nodes with high residual energy and closer to the Base station to stand 

a better chance of becoming a cluster head. The performance of the scheme was evaluated 

using MatLab 2017a and compared with TSEP. The simulation results showed that, the new 

protocol performed better than TSEP in terms of throughputs, residual energy and the 

network life time.

Keywords: Advanced nodes, Distance,eTSEP,intermediate node, Residual energy

1. Introduction 

Wireless Sensor Network compose of several sensor nodes which has several uses such as 

home automation, military surveillance, structure and environmental monitoring. When these 

sensor nodes are deployed in an environment, they  measure physical quantities such as 

temperature, humidity, noise etc. and transmit these measured quantities directly or indirectly 

to a node called the Base station (BS) for further analysis. However, this network is faced 

with some challenges and the critical one is the source of energy. The sensor nodes rely on 
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battery as energy source. These batteries are rechargeable and replaceable but the hostile 

environment where they are normally deployed makes recharging and replacing of these 

batteries practically impossible. Notwithstanding these challenges, few techniques have been 

proposed to reduce energy consumption in these networks so that, their lifetime can be 

prolonged. Clustering technique, energy efficient cluster based routing protocols and 

presence of heterogeneous nodes in the network are among the approaches that can reduce 

energy depletion in these networks. In literature, several cluster-based heterogeneous routing 

protocols have been discussed and the research work still on going. Amaragdakis et al. [1] 

explained the Stable Election Protocol(SEP) for heterogeneous wireless sensor network. The 

scheme uses the weighted election probabilities of each node as criteria to choose a cluster 

head which also depend on their respective energy. SEP utilizes two type of nodes, the 

normal and advanced nodes. The normal nodes have the lowest energy compared to advanced 

nodes. The simulation results showed that, SEP protocol has extended the lifetime of the 

network. 

Authors in [2] also presented another heterogeneous routing protocol. DEEC in its two level 

heterogeneity consist of two types of nodes as explained in [1]. However, this protocol selects 

its cluster head based on the ration between the residual energy of each node and average 

energy of the network. This scheme has difficulties in being fair between the normal nodes 

and advanced nodes when the residual energy of the advanced nodes become equal to the 

normal nodes. The advanced nodes are mostly discriminated against. 

Elbhiri et al. [3] described anew algorithm for heterogeneous networks which is an 

improvement of DEEC protocol.  DDEEC, presented a solution to the unfair treatment meted 

out to the advanced nodes in [2]. The algorithm introduced a threshold residual energy under 

which all the nodes either the normal or advanced nodes will have equal probability to 

become a cluster head. Simulation results revealed that, DDEEC performed better than DEEC 

in terms of stability and extension of network life time. 

Another advanced form of DEEC, has been proposed by Saini et al. [4] for heterogeneous 

networks. E-DEEC adopted the same strategy for calculating the energy in the network as 

proposed in [2], the scheme however, uses three level of nodes based on their residual energy. 

The nodes with highest residual energy is super nodes, followed by advanced nodes and the 

lowest energy, being the normal nodes. The outcome of the simulation showed that, E-DEEC 

outperforms DEEC protocol in terms of prolonging the life time of the network.  
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Jibreel [6] described an improved form of DDEEC for heterogeneous wireless sensor 

network. iDDEEC modified  the average probability of advanced nodes whose residual 

energy is not up to the threshold value (𝑻𝒉𝒓𝒆𝒗). The scheme introduced two factors on 

which the average probability of the advanced nodes now depend. These factors are, the 

average distance of the nodes from the Base station and the residual energy of the nodes. 

Simulation was performed using MatLab 2017a and results showed that, iDDEEC performed 

better than the DDEEC in terms of throughputs, residual energy and network lifetime. A 

heterogeneous MODLEACH protocols for large scale wireless sensor network has been by 

Jibreel et al. [7]. S-MODLEACH utilizes three types of nodes namely, advanced, servant and 

normal nodes. The protocol selects CHs based on their residual energy and assigned data 

aggregation role to special nodes called servant nodes. Simulation results showed that S-

MODLEACH performed better than MODLEACH in terms of throughputs and the network 

lifetime 

An enhanced form of E-DEEC has been proposed by author in [8].iE-DEEC modified the 

election probability of the protocol in [4] by taking into account the distance of supernodes 

and the average distance of all the nodes to the Base station (BS) in selecting the cluster 

heads (CHs). The scheme also introduced different amplification energy levels to minimize 

the energy consumption during the communications between the CHs and BS and also within 

inter and intra clusters. MatLab 2017a was used for simulation to evaluate the effectiveness 

of the scheme. The simulation results showed that the proposed protocol performed better 

than E-DEEC in terms of throughputs, residual energy and network lifetime. Author in [9] 

proposed an extended version of TDEEC for heterogeneous wireless sensor network.  G-

TDEEC introduced a gateway node at the center of the sensing field and then position the BS 

far away from the sensing area. The cluster heads convey their data to the gateway node 

which will then aggregate the data and then transmit the final report to the BS. Simulation 

was performed to assess the effectiveness of the scheme in MatLab 2017a and results showed 

that, the protocol performed better than the TDEEC in terms of stability period, throughput, 

residual energy and the network lifetime.The remainder of this work is arranged as follows: 

In Section II, explained the methodology used, while the Simulation Results and Analysis 

are discussed in Section III, and conclusion is drawn in Section IV. 

 

2. Material and methods 

MatLab R2017a was employed to measure the effectiveness of the proposed algorithm and 

the existing algorithm.
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2.1 Existing scheme 

Threshold sensitive Stable Election Protocol (TSEP) [10] is a heterogeneous cluster-based 

routing that operates similar to [11]. The scheme has three levels heterogeneity namely, 

normal nodes which has the lowest energy, followed by Intermediate nodes which energy 

falls between the normal and advanced nodes and the nodes with the highest energy being the 

Advanced nodes. To regulate how data is transmitted from one nodes to other and final to the 

Base station, TSEP introduced another two thresholds namely the Hard and Soft thresholds. 

With these thresholds, data will not be transmitted unnecessarily. The key challenge in this 

scheme is how the cluster heads are selected without considering their residual energies and 

how far were they randomly deployed to the Base station. Also, the scheme cannot be used in 

an application where the BS must be away from the sensing field.In such case, nodes with 

high energy but far from the database could be chosen and the distance factor is enough to 

deplete its energy at faster rate. The election probabilities used by [10] for Normal nodes 

( , Intermediate nodes (  and the advanced nodes (  are given by (1), (2) and (3) 

 

 =    (1)  

 =    (2) 

 =    (3) 

Their respective thresholds are also given by (4), (5) and (6) 

 

 =             (4) 

Where G is the set of normal nodes that has not become cluster head in the past  round r 

 =              (5) 

Where  is the set of servant nodes that has not become cluster head in the past  round r 

=             (6) 

Where  is the set of advance nodes that has not become cluster head in the past  round r. 

 The scheme also took into consideration the threshold level in selecting the cluster heads. 

Each node must generate randomly a number inclusive of 0 and 1 and if the number 

generated is less the threshold then that node becomes cluster head as explained by [12] 
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2.2 Proposed scheme 

A new scheme called extended TSEP (eTSEP) is proposed. The new protocol operates 

similar to TSEP but differs in election probabilities, thresholds and location of Base station. 

In this scheme, two important parameters have been considered in selecting the cluster heads 

for the normal and advanced nodes and a constant for selecting the Intermediate nodes. The 

factors includes, the distance between each node and the Base station and residual energy of 

each node. The new election probabilities for the Normal, Intermediate and Advanced nodes 

are respectively given by (7), (8) and (9) 

 

 =  *    (7) 

 = *     (8) 

 =  *    (9) 

 

The respective thresholds are also given by  

 =            

 (10) 

Where G is the set of normal nodes that has not become cluster head in the past  round r 

 =             

 (11) 

Where  is the set of intermediate nodes that has not become cluster head in the past  

round r 

=            

 (12) 

Where  is the set of advanced nodes that has not become cluster head in the past  round 

r. and  is a constant. 

The new algorithm offers a better chance to the respective nodes which are closer to the BS 

to be selected as the cluster heads. The Base station is now positioned outside the field. This 
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is to allow application that requires the Base station to be away from the deployment area to 

use this protocol. 

3. Results and Discussion 

To measure the performance of the proposed routing protocol,TSEP and eTSEPwere 

simulated in MATLAB R2017a environment.In this experiment, a network composed of 100 

nodes randomly distributed in an area of dimension 100m x 100m with the Base station 

installed outside the deployment area (50m, 120m). We also assume that, 

and . All nodes are stationary after deployment.Table 1 shows the 

simulation parameters employed in this research work.  

Table 1:  Simulation Parameters 

Parameters Values 

Network field (100,100) 

Number of nodes 100 

Initial energy of normal nodes( ) 0.5J 

Message size 4000 bits 

 50Nj/bit 

 10Nj/bit/  

 0.0013Pj/ bit/  

 0.1 

 0.1 

 1 

The following metrics are used to assess the two protocols. 

 

3.1 Network Lifetime 

Figure 1 shows the number of alive nodes per each transmission round of the TSEP and 

eTSEP routing protocols. From the graph, the network life time is enhanced significantly in 

eTSEP compared to TSEP. The existing protocol started well with more alive nodes until 

after 3500 rounds when the number of alive nodes beginsto reduce at a faster rate. This 

continued up 7000 rounds where all the alive nodes disappeared. However, in eTSEP, more 

alive nodes were observed after the 35000 rounds and more of these alive nodes were 

sustained up to the end of simulation period. This clearly showsthat, nodes live longer time 

ineTSEPthan in TSEP and therefore making the proposed protocol tohave better network 
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lifetime than the existing protocol. The extension of lifetime that was observed in eTSEPis as 

a result of relatively less energy consumption in the networkas seen in Figure 1. 

Furthermore, the death rates in eTSEP is lower compare to that of TSEP as shown in Figure 

2.  TSEP protocol started well with better stability period up to 3500 rounds after which the 

death rate in TSEP increases faster compared to eTSEP. This again goes to show that, the 

proposed protocol has better network life time compared to the existing protocol.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Number of Alive Nodes per Number of rounds 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Number of dead Nodes per Number of ro 

3.2 Throughput 

Figure 3 also shows the amount of data sent to the BS per round in TSEP and eTSEP 

protocols. It is again clear that, huge data is being sent to the BS in eTSEP compare to 
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TSEP.The amount of data forward to the BS by TSEP protocol increases from 0 to 4000 

rounds and then remained the same throughout the simulation period. Thus, sending smaller 

amount of data to the BS as shown in Figure3. In the   new algorithm, the data transmission 

started slowly until after 1000 rounds large amount of data was noticed being sent to the BS. 

This performance is as result of the distance and residual factors that were considered in 

selecting the heads. The nodes with high residual energy and are closer to the Base station 

were chosen as the heads. So less energy is used to get their data to the BS and hence more 

data transmission. 

 

  

Fig.3: Throughput per number of rounds 

3.3 Residual Energy 

Figure 4 shows the average residual energyof network per round of the two protocols. It was 

noticed that, the proposed protocol reduces its energy consumption better than TSEP as 

shown in Figure 4. And this is evidenced by the appreciable performance of all the metrics 

used in evaluating the two protocols. Hence, eTSEP utilizes its energy efficiently. 
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Fig.4: Residual energy per number of rounds 

4.  Conclusion 

In this work, an extended TSEP heterogeneous routing protocol is proposed.In this new 

protocol, the election probabilities of the three levelled nodes have been modified. The 

normal nodes and advanced nodes considered the distance between the nodes and the Base 

station and their respective residual energy in selecting the cluster heads. This gives the nodes 

which have high residual energy and also closer to the Base station a better chance of 

becoming cluster heads.This reduces the energy expenditure of the heads when they 

transmitting their data to the Base station. The proposed protocol was simulated with TSEP 

protocol using MatLab 2017a and the results showed that, eTSEP outperformed TSEP 

protocol in terms of throughputs, residual energy and network lifetime. 
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