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Abstract-In this project work for wireless sensor 

networks (WSNs), we propose a energy efficient 

routing protocol Zonal Stable Election Protocol 

(ZSEP). By using this protocol we divide the 

network into 3 zones the total nodes into normal 

nodes, advanced nodes one zone consists of normal 

nodes and two zones consists of advanced nodes on 

the basis of their energy levels. In this network we 

install a Base Station (BS) in the center of the 

sensing area. If the nodes are in normal region they 

use direct communication, if the nodes are in 

advanced nodes they form a Cluster Head (CH) and 

transmit the data through the CH. This protocol 

showed improved energy parameters when 

compared with previous protocol 

 
Keywords— Base Station, Cluster Head, Gateway, 

Sink 

1. INTRODUCTION 

Wireless sensor network (WSN) is the technology 

emerging with wide applications in many areas. 

Many applications of the WSN deals in information 

sensing, real time tracking, environmental, medical, 

automobile etc. in WSN the network consists of 

sensor nodes which are connected to each other and 

also the base station by different network 

topologies[1]. There are various sensors like 

mechanical, thermal, biological, chemical, optical, 

and magnetic which are attached to the sensor node 

depending on their applications to measure the 

particular parameters. The sensor nodes have limited 

internal memories so a external memory devices can 

be attached to the sensor nodes like handheld devices 

etc, depending on the applications. Battery is the 

main power source in a sensor node. Depending on 

the application and the type of sensors used, actuators 

may be incorporated in the sensors. 

Wireless sensor network technology had a rapid 

growth during the recent years, due to Micro-Electro-

Mechanical Systems (MEMS) technology [3] which 

is implementing smart sensors which are small, 

inexpensive and consume low power. Smart sensor 

nodes are low power devices equipped with one or 

more sensors, a processor, memory, a power supply, 

a radio, and an actuator. 

There are two types of WSNs: structured and 

unstructured. An unstructured WSN is one that 

contains are not arranged in planned manner where 

network failure causes a problem. In structured 

manner the nodes are arranged in a planned manner 

where it reduces the lower network maintenance and 

management cost. 

All the nodes in the sensor network form a cluster[2] 

and then they form a cluster head and transmit their 

data to their corresponding CH and the CH performs 

processing on the data sent to it and then transmit it 
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to the BS, because the energy is consumed more in 

the transmission then in sensing so the CH maintains 

its own cluster in the period given to it and uses 

TDMA to allocate the slots to each node to transmit 

the data to it and transmits the data to the CH and 

then on reception the CH sends the data to the BS 

after analysing the data. 

The major work here is to reduce the energy 

consumption by dividing the data into three regions. 

Nodes with normal energy in one zone transmit the 

data directly to the BS where these nodes lie closer to 

the BS and the nodes with the advanced energy 

which are placed in the other two regions are placed 

far away from the BS the nodes in the two zones does 

not communicate directly with the BS they form a 

CH and transmit the data to the CH and on that the 

CH process the data and transmits the data to the BS 

if required. The CH is formed on the basis of 

probability. So by this we can reduce the energy 

consumption of the nodes. The rest of the paper deals 

with how the proposed algorithm reduces the energy 

consumption therefore increases network lifetime. 

 

2. NETWORK PROTOCOLS 

   

A WSN forms a network with number sensors so 

while networking the structure and data 

communication it must follow some protocols [5]. 

Sensor network protocols are classified into two 

types based on their applications 

a) Proactive network protocol 

b) Reactive network protocol 

Proactive network protocol: Nodes in this network 

provide a continuously report of data, nodes keep on 

sensing, turn on their transmitters and transmit, so 

suitable for applications where information on 

regular basis is required. At every report time, the 

cluster members sense the parameters specified in the 

attributes and send the data to the CH. The CH 

aggregates the data and sends it to the BS. 

Reactive network protocol: Nodes in this network 

senses the data continuously however, it transmits 

only when there is a drastic change in sensed value, 

so these types of networks are suitable for time 

critical applications. In routing protocols clustering 

reduces the energy consumption. There two types of 

threshold in this network Hard Threshold and Soft 

Threshold. 

 

3. Classification of Routing Protocols 
Routing protocols are classified in many different 

ways  

1. Node centric: Most of the Ad-hoc network 

routing protocols [4] are node-centric 

protocols where destinations are specified 

based on the numerical addresses of nodes. 

2. Data –centric or Location-aware: In data-

centric routing, the sink sends queries to 

certain regions and waits for data from the 

sensors located in the selected regions. Since 

data is being requested through queries, 

attribute based naming is necessary to 

specify the properties of data. 

3. QoS based routing: In QoS based routing 

protocols data delivery ratio, latency and 

energy consumption are mainly considered. 

Based on the whether the protocols are destination or 

source are also classified 

1. Source-initiated protocol: A source- initiated 

protocol sets up the routing paths upon the 

demand of the source node, and starting 

from the source node. Here source advertise 

the data when available and initiates the data 

delivery. 

2. Destination-initiated protocol: A destination 

initiated protocol, on the other hand, initiates 

path setup from a destination node. 

Based on the architecture the routing protocols [6] 

are classified into two types 

1. Flat topology: In flat routing protocols all 

nodes in the network are treated equally. 

When node needs to send data, it may find a 

route consisting of several hops to the sink. 

2. Hierarchical routing: A hierarchical routing 

protocol is used when the nodes in the 

network have different energy levels. In 

hierarchical protocols different nodes are 

grouped into clusters and data belonging to 

single cluster is aggregated. The clustering 

protocols have advantages like scalability, 

energy efficiency in finding routes and easy 

to manage in hierarchical routing. 

 

3. Existing protocols 

There are different types of protocols 

Minimum transmission Energy (MTE): 

In Minimum Transmission Energy (MTE), 

transmission is done through the path where 

minimum energy is transmitted s in this the nodes 

that are near to the sink die earlier than the nodes that 

are far away from the sink [6]. 

Low Energy Adaptive Clustering Hierarchy 

(LEACH): 

LEACH is a proactive routing protocol. In this the 

nodes are evenly distributed and the nodes have same 

energy levels they form clusters to transmit energy. 

LEACH is not useful for large areas due to energy 

limitation and the attributes selected cannot be 

changed. 

Stable Election Protocol (SEP): 

In this Stable Election Protocol the nodes are divided 

into two type’s normal nodes and advanced nodes 
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which have more energy than the normal nodes. In 

this network the CHs are formed based on the 

probability. So, in SEP increased stability period and 

network life time is achieved but still we can improve 

the system. 

Enhanced Stable Election Protocol (ESEP): 

This network is the extension of the SEP this consists 

of three types of nodes normal nodes, intermediate 

nodes which consists of energy high then the normal 

nodes but less than the advanced nodes and advanced 

nodes which consists of energy greater than the 

normal nodes and also advanced nodes. However, 

energy dissipation is controlled to some extent due to 

three levels of heterogeneity. 

Threshold Sensitive Stable Election Protocol (TSEP): 

This is a new protocol where it is a reactive routing 

protocol as transmission consumes more energy 

sensing so the data is transmitted only when the 

threshold is reached. This also contains three 

category of nodes same as the ESEP. The main 

drawback of this method is if the threshold is not 

reached the data is never transmitted. 

 

4. Z-SEP  

This protocol overcomes the drawback of the TSEP 

[7] it is the extension of the TSEP. It is a hybrid 

network where some nodes transmit data directly to 

the BS and some nodes transmit data to the BS 

through CHs. In this network the nodes are divided 

into three zones: zone0, head zone 1 and head zone 

2,with two energy levels normal nodes and advanced 

nodes out of n normal nodes there will be m. The 

advanced nodes lie far away from the BS[9] with 

equal distribution in the two head zones and normal 

nodes lie near to the BS as shown in the below 

figure1. 

 

Figure1: Z-SEP network architecture. 
 

The nodes in the zone 0 send their data directly to the 

BS whereas the nodes in the head zone 1 and 2 

transmit data to base station via CH, the CH is 

elected only among the advanced nodes. By 

assuming an optimal number of clusters kopt and n is 

the number of advanced nodes the probability of 

cluster head is 

Popt =  
𝑘𝑜𝑝𝑡

𝑛
 

 Every node decides whether to become CH in this 

round or next round. A random number is selected 

between 0-1 and if this value is less than the 

threshold T(n)[10] for a node then that is selected as 

a CH  

T(n) = 
𝑃𝑜𝑝𝑡

1−𝑃𝑜𝑝𝑡 (𝑟×𝑚𝑜𝑑
1

𝑃𝑜𝑝𝑡
)
  if n є G 

        =          0                       otherwise 

 

Where, G is teh set of nodes that not been CH 

Probability for advanced nodes to become CH is 

 

Padv = 
𝑃𝑜𝑝𝑡

1+(𝛼 .𝑚 )
 x(1+α) 

 

Threshold for advanced nodes 

 

Tadv = 
𝑃𝑎𝑑𝑣

1−𝑃𝑎𝑑𝑣 (𝑟×𝑚𝑜𝑑
1

𝑃𝑎𝑑𝑣
)
    if n є G 

        =          0                       otherwise 

After the CH head is formed the CH sends a 

advertisement message to its member nodes so the 

nodes come to know to which CH they belong to. CH 

then assigns a TDMA Scheduling[8] so every node 

sends data to the CH in the slot assigned to it the 

below figure 2 shows the transmission. 

 
Figure2: nodes sending data to the cluster head. 

 

When the data is received the cluster head aggregates 

this data and send it to the base station this phase is 

the transmission phase the below figure3 shows the 

transmission. 
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Figure 3: CH transmitting data to the BS 

 

The CH is formed only in the advanced because the 

CH consumes more energy so if we form CH in 

normal nodes then they will die soon. 

So, by forming the network in this architechture  the 

network life time increases as the normal noodes 

communicate directly to the base station and the 

advaced nodes communicate through cluster head 

and CH maintains a threshold to communicate with 

the BS. 

 

 

5. RESULTS 

The main of this project is to compare performance 

of the Z-SEP with the previous protocol and prove 

that this protocol had a better approach in energy 

dissipation and longer network life [11]. 

Parameters considered are 

1. Number of alive nodes per round. 

2. Number of dead nodes per round. 

3. Throughput  

A network consisting of 1000 nodes, placed in room 

with the BS at the centre. Parameters considered are 

Parameters Value 

Initial energy Eo 0.5J 

Initial energy of 

advanced nodes 

Eo(1+α) 

Energy for data 

aggregation 

5 nJ/bit/signal 

Transmitting and 

Receiving energy Eelec 

5 nJ/bit 

Amplification energy for 

short distance Efs 

10 Pj/bit/m
2 

Amplification energy for 

long distance Eamp 

0.013 pJ/bit/m
4 

Probability Popt 0.1 

 

The below figure 4 shows the number of alive nodes 

in Z-SEP, it proves with a increased stability period 

with previous protocols. 

 
 

Figure 4:  Number of alive nodes. 

 

The below figure 5 shows the number of dead nodes 

in Z-SEP, which is opposite of the alive nodes per 

round and it shows that stability is increased then 

previous protocols. 

 
Figure 5: number of dead nodes. 

 

The below figure 6 shows the number of packets 

transmitted to the BS which is the throughput [14]. 

 
 

Figure 6: Number of packets transmitted. 
 

6. COMPARISION  

The results shows a clear vision that our protocol is 

performing better than the previous protocol, because 

nodes in zone 0 communicate directly with the BS 

and whereas nodes in head zone 1 and 2 forms 

clustering which increases the stability period[12]. 

 

The below figure 4 shows the number of alive nodes 

in Z-SEP, it proves with a increased stability period 

with previous protocols. 
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Figure 4:  Comparison of number of alive nodes. 

 

The below figure 5 shows the number of dead nodes 

in Z-SEP, which is opposite of the alive nodes per 

round and it shows that stability is increased then 

previous protocols [13]. 

 
Figure 5: Comparision number of dead nodes. 

 

The below figure 6 shows the number of packets 

transmitted to the BS which is the throughput. 

 
Figure 6: Comparision of number of packets transmitted 

 

The energy [15] also when compared to the previous 

protocol has increased it can be seen in the below 

figure 7 

 
Figure 7: energy comparison in Z-SEP and T-SEP 
 

7. CONCLUSION AND FUTURE SCOPE 

The Z-SEP is a two level heterogeneous network. 

The network is dividing into three zones there are 

two energy level nodes normal nodes and advanced 

nodes which have more energy than normal nodes 

distributed equally in the two regions and normal 

nodes completely lie in one region. By using this 

protocol the results have proved that the when 

compared with the previous technique that the 

number dead nodes are decreased with increase in 

number of alive nodes which in turn increases the 

network lifetime. These help a lot in the 3D sensor 

fields in future. 
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