
Enhanced Zonal Stable Election Protocol for Wireless Sensor Network



.     
.
              . 
                     
	.
..


.
[bookmark: _GoBack]


ABSTRACT 

	Energy depletion in wireless sensor networks remains a concern for researchers in this emerging technology. However, several enhanced routing protocols are being designed to reduce the energy consumption in these networks and improve their lifetime. The Zonal Stable Election Protocol was carefully studied. It was observed that, no cluster head selection is done in zone 0 because of the nearest of some of the normal nodes to the Base station. This approach appeared effective for a short period of time, especially for the nodes that are really closer to the Base station. However, when some of the nodes in Zone 0 are a little farther away and the network operation is longer, the nodes are seen dying very quickly. Also, the existing scheme is observed to be transmitting captured data unnecessarily without considering the amount of data required by each node before transmission. This also depletes the energy of the nodes at a faster rate, affecting their lifetime. In this research, a reactive heterogeneous routing scheme called the Enhanced Zonal Stable Election protocol (EZ-SEP) is proposed. The new scheme introduced clustering techniques in all the Zones. Cluster heads are selected based on their residual energy and relative distance from the base station. This is to ensure that the energetic heads that can transmit data to the Base station are selected. Furthermore, the new scheme introduced inter-cluster transmission and multi-hop communication to ensure effective energy distribution among the nodes while using hard and soft thresholds to reduce unnecessary data transmission to the Base station. This approach further conserves their energy.  Simulation was conducted to evaluate the performance of the new scheme using MatLab R2018a, and the results showed that EZ- SEP outperformed Zonal SEP in terms of coverage, throughput, stability period, residual energy and network lifetime.
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1. INTRODUCTION 

[bookmark: _Hlk214246832]The presence of Wireless Sensor Networks (WSNs) has been a great relief to humanity due to their applications in various areas such as health, agriculture, hostile or hazardous environments. This network is composed  of several tiny sensor nodes that are equipped to sense, process, and transmit measured information from the sensing field to a destination node called  Base Station (BS) [1]. These tiny devices rely on a battery as a source of energy which is replaceable and rechargeable. However, because of the hostile areas where they are usually positioned, battery replacement and recharging become practically impossible [2]. Therefore, strategies that aim at reducing energy consumption in these networks are explored, especially when the location of the BS is far from the sensing field. In order to achieve this, several techniques such as clustering, energy-efficient cluster-based routing protocols, and multi-hop communication have been employed in these networks [3]. The study of literature shows that several heterogeneous cluster-based routing protocols have been proposed.

Qing et al. [4] explained a heterogeneous routing protocol for a wireless sensor network, Distributed Energy Efficient Clustering (DEEC).  DEEC selects the cluster heads based on the ratio between the residual energy of each node and the average energy of the network. The protocol uses two types of nodes: normal and advanced nodes in its two-level hierarchy. The challenge in this scheme arises when the residual energy of the advanced node becomes equal to that of the normal nodes in the network. In such a situation, the protocol continues to punish the advanced nodes, and this has affected the performance of the scheme.
An improved version of DEEC protocol for a heterogeneous network has been suggested by Elbhiri et al. [5].  DDEEC presented an answer to the main challenge noticed in DEEC. The algorithm introduced a threshold residual energy value, based on which the average probability of each node is determined. This gives equal opportunity to both normal and advanced nodes to become cluster heads at any point in time. The scheme, however, uses single-hop communication.
Authors in [6] explained another form of DEEC algorithm for heterogeneous networks, E-DEEC.  The scheme introduced extra nodes called super nodes to the normal and advanced nodes. Therefore, the  scheme has three types of sensor nodes. The super nodes have the highest residual energy compared to the normal and advanced nodes. The scheme from the simulation results outperforms DEEC in terms of stability period and network life enhancement. A challenge found in DEEC also occurs in this protocol.
An enhanced version of the DEEC protocol, TDEEC algorithm, has been proposed by [7]. The scheme uses three-level of nodes, with slight modifications in their probability function. The simulation results showed that TDEEC performed better than DEEC in terms of stability period and network lifetime. The scheme, however, failed to use a multi-hop communication approach in transmitting data to the BS.
Jibreel [8] suggested an improved form of DDEEC for a heterogeneous wireless sensor network.  The algorithm, iDDEEC altered the average probability of advanced nodes whose residual energy is less than the threshold value (𝑻𝒉𝒓𝒆𝒗). The average probability of the advanced nodes now depends on two factors, namely, the average distance of the nodes from the Base station and the residual energy of the nodes. This makes the advanced nodes with high residual energy and  closer to the Base station to have a better chance of being elected as heads. The simulation was performed using MatLab 2017a and results showed that the iDDEEC performed better than the DDEEC in terms of throughputs, residual energy and network lifetime. However, no multi-hop communication technique was used.
An improved form of E-DEEC has been proposed by the author in [9]. iE-DEEC considered the distance of supernodes and the average distance of all the nodes to the Base station (BS) in choosing the cluster heads (CHs). The scheme also implemented different amplification energy levels to minimize  energy consumption during communications between the CHs and BS and  between inter and intra clusters. MatLab 2017a was used for simulation to assess the performance 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.
The author in [10] proposed a modified version of TDEEC for a heterogeneous wireless sensor network. The model, G-TDEEC introduced a gateway node at the center of the deployment area and then installed the BS far away from the sensing field. The cluster heads forward their data to the gateway node, which aggregates the data and then sends the final report to the BS. Simulation was performed to evaluate the effectiveness of the scheme in MatLab 2017a, and results showed that the new protocol performed better than  TDEEC in terms of stability period, throughput, residual energy, and network lifetime.
Smaragdakis et al. [11] described the Stable Election Protocol (SEP) for a heterogeneous wireless sensor network. The algorithm uses the weighted election probabilities of each node as a criterion to select a cluster head, which  depends on their respective energy. SEP utilizes two types of nodes:  normal and advanced nodes. The normal nodes have the lowest energy compared to the advanced nodes. The simulation results showed that, SEP protocol has extended the lifetime of the network. However, positioning of the BS at the centre makes the protocol not suitable for deployment in areas where the BS must be away from the network.
Another version of SEP has been discussed by [12]. M-SEP (Modified Stable Election Protocol) elects cluster heads in two, three, and up to ninth level hierarchical wireless sensor networks. The protocol improved SEP schemes significantly in terms of network lifetime, energy consumption, and data transmission to the BS. However, distance was not taken into account in selecting the heads.
The author in [13] presented an improved version of SEP protocol called I-SEP (Improved Stable Election Protocol). I-SEP has two main characteristics: reactive routing and uses three levels of heterogeneity. To  reduce energy depletion due to data transmission, the scheme introduced a specific threshold. Once this threshold is reached, data communication in the network begins. The outcome of the experiment revealed that the I-SEP prolongs the stability period and network lifetime compared to the SEP, LEACH, and ZSEP.
Divya et al. [14] described a modified form of SEP for heterogeneous wireless sensor networks. EE-SEP (Energy Efficient Stable Election Protocol) introduced a new threshold value, which tends to reduce the number of cluster heads during  operation. As the number of CHs is reduced, there is a corresponding increase in the number of alive nodes. The existence of more alive nodes in the network enhances the stability period and network lifetime. Simulation results show that EE-SEP algorithm performs better than  SEP.
Aderohunmu and Deng [15] discussed the results of the Enhanced-SEP clustering algorithm. The scheme is  a three-tier node scenario consisting of advanced, intermediate, and normal nodes. Simulation results showed that the Enhanced-SEP achieves better performance in this respect, compared to other existing clustering algorithms in both  heterogeneous and  homogenous environments.
Jibreel et al. [16] presented a modified form of SEP called Gateway–SEP(G-SEP)  for a wireless sensor network. The G-SEP modified the SEP in two ways. First, the election probability of  the advanced nodes has been modified to consider the distance, average distance and residual energy of the advanced nodes. Secondly, the scheme  introduced a gateway node at the centre of the network and then installed the BS outside the field. Simulation results using MatLab R2017a showed that, the G-SEP performs better than the Zonal-Stable Election protocol (ZSEP) in terms of coverage, stability period, throughput and network lifetime. However, the scheme uses a gateway node, which can increase the cost of implementing this protocol.
Khan et al. [17] proposed an advanced zonal stable election protocol (AZ-SEP). The scheme introduced a new cluster head selection on the basis of residual energy and distance from the base station. The new scheme was evaluated by taking different evaluation scenarios and was compared with the traditional ZSEP through simulation using MATLAB 20214a. The results show that the scheme performed better than Z-SEP in terms of stability period, packet delivery ratio and optimizes the average energy consumption.

The remainder of this work is arranged as follows: In Section 2, explained the Materials/Methods, while the Simulation Results and Analysis are discussed in Section 3, and the conclusion is drawn in Section 4
2. material and methods 

MatLab R2018a was employed to measure the effectiveness of the proposed algorithm and the existing algorithm.
2.1 THE EXISTING SCHEME
Faisal et al. [18] proposed a modified form of SEP called Zonal-Stable Election Protocol (ZSEP) for Wireless Sensor Networks.  ZSEP divided the network into three zones: Zone 0, Head Zone 1, and Head Zone 2 on the basis of energy levels. The nodes with lesser energy are deployed in Zone 0 near the Base Station, which is located at the centre. These nodes adopted a single-hop communication approach in sending their reports  to the BS, while the advanced nodes closer to the boundaries relay their data to the BS through the elected cluster heads (CHs).
Assume an optimal number of clusters  and   is the number of advance nodes. According to SEP protocol, the  optimal probability of cluster head is given in equation (1)
 = 																					(1)
Z-SEP threshold equation is given in equation (2)
 =     							(2)
Where  is the set of nodes which have not been cluster heads in the last 1/ rounds.
Probability for advance nodes to become cluster head is proposed in [4] which is given in equation (3)
 = 									(3)
While the threshold for advance nodes is given in equation (4)
 =       						(4)
 is the set of advance nodes that have not been cluster head in the last  rounds
When the cluster head is chosen, the cluster formation phase begins. This is where the cluster head broadcasts an advertisement message to the nodes. Based on the received signal strength, nodes respond to the cluster head and join as members of that cluster.  To prevent unnecessary collisions and transmission of data to the head, the head assign a TDMA schedule to each node during which the node can send its report to the head. When the head receives the report from the nodes, it aggregates the data and forwards it to the Base station for further analysis.

2.2  PROPOSED SCHEME
In this section, the proposed scheme called the Enhanced Zonal Stability Election Protocol (EZ-SEP) is explained. The new scheme works similarly to the scheme of the authors in [18] in terms of how the network is divided into Zones.  The proposed algorithm first and foremost relocated the Base station away from the deployment region to allow  applications that need such services to use it. The new scheme introduced the selection of the cluster head (CH) in all the Zones. In Zone 0, when the distance between the nodes and the cluster heads (CHs) in Zone 1 is beyond a certain threshold,  the CH selection is conducted in Zone 0 based on residual energy and the average distance of the nodes from the CHs in Zone 1.  This enhancement allows  normal nodes that have higher residual energy at the same time, closer to the CHs in Zone 1, to become  cluster heads. As a result, the elected cluster heads use less energy in sending their reports to the CHs in Zone 1.  Also, the cluster CHs selections in both the Zone 1 and  Zone 2 are modified to base on the residual energy of the nodes and their average distance from the BS. This is to avoid weak and distant nodes from becoming CHs since they cannot transmit data to the BS effectively. Inter-cluster transmission and multi-hop communication are employed in all the Zones as explained by the authors in [17]. Finally, to avoid unnecessary transmission of data by the nodes, hard and soft thresholds suggested by [19] have been introduced in all the Zones. This makes the proposed system a reactive heterogeneous routing protocol. The EZ-SEP model is shown in Figure
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Figure 1: EZ-SEP Model


The election probabilities of both normal () and the advance nodes () are given respectively by (5) and (6)  
 = *									(5)
 = *								(6)	
Where   is a percentage of the advance nodes which are equipped with  times more energy resources than the normal sensor nodes in the network,   is the average distance of all the nodes from the BS and  is the residual energy of the node.
Thresholds for the normal and advanced nodes are respectively given by (7) and (8)
 =       						(7)
 =       						(8)
Where  is the set of normal nodes that have not become cluster head in the past  round r.
Where  is the set of advanced nodes that have not become cluster head in the past  round r.


3. results and discussion

To evaluate the performance of the proposed reactive heterogeneous routing protocol EZ-SEP and ZSEP, the two schemes were simulated in MATLAB R2018a. The experiment was conducted with a network composed of 100 nodes randomly distributed in an area of dimension 100m x 100m. We  assume that 20% of the sensor nodes will be advanced nodes (m=0.2 where 10 of them are deployed in Zone 1 and the other 10 nodes in Zone 2. The BS was placed outside the field (50m, 160m). All nodes are stationary after deployment. Table 1 shows the simulation parameters used in this research work.
	
Table 1:  Simulation Parameters
	Parameters
	Values

	Network field
	(100,100)

	Number of nodes
	100

	Number of normal nodes
	80

	Number of advanced nodes
	20

	Initial energy of normal nodes()
	0.5J

	Message size
	4000 bits

	
	50Nj/bit

	
	10Nj/bit/

	
	0.0013Pj/ bit/

	
	0.1

	
	0.2

	
	1



The following metrics are used to assess the two protocols.




3.1 Network Lifetime
 Figure 2 shows the number of alive nodes during each transmission per round for the  ZSEP and the proposed routing protocol. From the graph, the network lifetime is improved significantly in the EZ-SEP compared to the ZSEP scheme. It is observed that, immediately after 500 rounds, the number of alive nodes in the ZSEP begins to decline at a faster rate, with very few alive nodes sustaining the network up to 1000 rounds. This is because the normal nodes in Zone 0 use a direct transmission approach to report their data to the distant BS. Therefore, a lot of energy is being used. Also, the advanced nodes in Zone 2 are far from the BS and will require  energy to send their data to the BS.   This also depleted their energies,which resulted  in the death of the nodes.  However, in the proposed scheme, more alive nodes were observed even after  300 rounds and were sustained up to 4000 rounds. This clearly shows that nodes live a longer time in EZ-SEP than in the ZSEP. The extension of the lifetime in the proposed protocol is a result of the inter-cluster and multi-hop  transmission approach employed in all the Zones. Also, the hard and soft thresholds that were introduced in the scheme reduce unnecessary data transmission, thereby conserving the energy of the nodes.
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Fig. 2: Number of Alive Nodes per Number of rounds



Figure 3 displays the number of dead nodes during each transmission per round for the  ZSEP and the proposed routing protocol. From the graph, the network lifetime is improved significantly in the new scheme because of the lower death rate recorded in the new scheme  compared to that of the ZSEP protocol. This is  due to energy conservation techniques such as clustering, inter-cluster and multi-hop communication, and introduction of soft and hard thresholds that were deployed in all the zones. As a result, the death rate is reduced,  stability period has improved, and   life time of the network is prolonged  as seen in Figure 3.

[image: ]
Fig. 3: Number of dead Nodes per Number of rounds

3.2 Throughput
Figure 4 also shows the amount of data transmitted to the BS per round in ZSEP and the proposed scheme. It was realised that a huge amount of data is sent to the BS in the EZ-SEP protocol compared to the ZSEP protocol. ZSEP performed well at the beginning of the experiment up to 500 rounds and maintains the same transmission after 1000 rounds. This is because of the direct transmission technique used in Zone 0. However, this technique did not help the protocol for long. In the new algorithm, the transmission increases linearly from the start of the experiment and remains constant after 4000 rounds. This shows that the new system has better throughput than the existing scheme.

[image: ]
 Fig. 4: Throughput per number of rounds
3.3 Residual Energy
Figure 5 shows the residual energy of the networks per round of the two protocols. It was realised  that the proposed protocol reduces its energy consumption better than ZSEP. As explained earlier, there was high energy consumption in ZSEP immediately the experiment started. This resulted in lower residual energy  and a high death rate. Also, the lower residual energy seen in ZSEP is a result of placing the BS far from the sensing area, and such a placement of the Base Station is necessary in a hostile environment.  The EZ-SEP, on the other hand, deployed energy efficient strategies such as the clustering approach and hard and soft thresholds technique in all the Zones. This  has reduced energy depletion of the nodes in all the regions, thereby enhancing its residual energy in the network, as shown in Fig4.

[image: ]     
 	Fig. 5: Residual energy per number of rounds

4. Conclusion

In this work, a reactive heterogeneous cluster-based routing protocol called EZ-SEP is proposed. The new protocol introduced a clustering technique in all three Zones with a modified Cluster head selection approach. This has resulted in lower energy consumption in the network. The new scheme further introduced an inter-cluster and multi-hop communication approach coupled with hard and soft thresholds in all the Zones. This has resulted in enhanced throughputs and a better stability period. The proposed protocol was simulated with the ZSEP protocol using MATLAB 2018a, and the results showed that EZ-SEP outperformed the ZSEP protocol in terms of stability period, throughputs, residual energy, and network lifetime
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