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ABSTRACT 
 

A network of tiny battery-operated devices 

known as a wireless sensor network requires 

careful consideration of its energy usage. Care 

should be made in their design because they are 

typically used in hostile environments where 

battery replacement is impossible. In order to 

manage energy usage, routing is one of the key 

design considerations. At the same time, route is 

likely the most challenging aspect of network 

architecture. A noble centralized clustered tree-

based routing system with a mobile sink was our 

suggestion. It is centralized to take advantage of 

the base station's limitless capacity and made 

into a cluster to cut down on energy use from 

redundant data transmission. For the control of 

mobile sink and load, we employed a tree-based 

technique. 

 

The employed deputy cluster head and cluster 

head panel in our protocol to reduce the energy  

 

 

consumption resulting from control packet 

overhead due to re-clustering and re-

construction of a tree after the energy of a node 

is less than some given threshold value. Then, 

we contrast our excellent procedure with the 

established CTRP and TEDD protocols. Our 

simulation findings show that the suggested 

                                                 
 

protocol reduces the typical control packet 

overhead by roughly 11% compared to CTRP 

and 63% compared to TEDD. As a result, the 

average amount of energy used is reduced by 

82% when compared to TEDD and by 25% 

when compared to CTRP. Additionally, it is 

demonstrated that when compared to CTRP and 

our suggested protocol, the first node's death is 

deferred by 83%. 

 

Key words: re-clustering, tree, routing, WSN, 

control packet, mobile sink 

 

 

1. INTRODUCTION 
 

Advancement in micro-electronics technology has 

led to the development of small inexpensive 

wireless sensor devices capable of performing wide 

range of tasks. A wireless sensor consists of a 

micro-controller, wireless transceiver, memory, 

battery and sensor(s) like temperature, pressure, 

motion detection etc. These small devices are 

capable of performing fine grain sensing tasks and 

then communicating them over wireless media. 

Sensor networks applications are very vast ranging 

from large scale habitat monitoring, battle fields 

and intrusion detection applications to small critical 

health monitoring body area networks. Due to their 

vast applications, WSNs have seen a lot of interest 

from the research community. Many issues related 
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to data dissemination, energy consumption, auto 

configuration, etc. have been addressed [1].  

 

 
Figure 1.1 Sensing Processes[2] 

Numerous thousands of inexpensive sensor 

nodes make up the wireless sensor network. 

Constraints on a sensor node include restricted 

computing power, storage, and energy. The 

sensor node keeps track of several 

environmental and physical parameters, 

including humidity, motion, fire, motion, 

temperature, and pressure. Tracking, 

surveillance, monitoring, healthcare, disaster 

relief, event detection, mapping biodiversity, 

intelligent buildings, facility management, 

preventive maintenance, etc. are all possible 

with WSN. Typically, sensor nodes are placed in 

hostile, unmanaged environments to monitor 

things like battlefields, chemical industries, 

nuclear reactors, and wild forests. Therefore, 

replacing or recharging the battery becomes a 

difficult operation. An abundantly equipped base 

station has limitless power, communication, and 

storage capacity. It could be a mobile node based 

or a static node. 

 

Routing techniques play an important role in 

wireless sensor networks. It is cumbersome and/or 

impossible to assign global ids for a huge numbers 

of deployed sensor nodes. Therefore, traditional 

protocols might not be applicable for wireless 

sensor networks. Unlike conventional wireless 

communication networks (cellular network, 

MANET etc.), wireless sensor networks have 

inherent characteristics. It is highly dynamic 

network and specific to the application, and 

additionally it has limited energy, storage, and 

processing capability. These characteristics make it 

a very challenging task to develop a routing 

protocol. In most of the scenarios, multiple sources 

are required to send their data towards a particular 

sink. The nodes near the base station depleted their 

energy quickly and hence eventually die. This 

causes the network to partition; consequently, the 

life span of the network gets to reduce. The main 

constraint of sensor nodes is energy. Since the 

sensors are battery-powered computing devices and 

it’s hard to replace the batteries in many 

applications, WSN requires an energy-efficient 

routing protocol. There are many reasons for this. 

For instance, due to dense deployment, the sensor 

nodes generate redundant data, and the base station 

may receive multiple copies of the same data. 

Therefore, it highly consumes the energy of the 

sensor nodes. The other reason is that wireless 

sensor networks do not have any fixed 

infrastructure and hence it is highly dynamic. There 

are mainly two reasons responsible for the dynamic 

infrastructure. The first one is the energy since the 

sensor nodes have limited energy derived from 

batteries. The protocol should be able to balance the 

load among the nodes to ensure that the sensor 

nodes do not die. It leads to the dynamic network 

structure. The second reason is mobility; in many 

scenarios after the deployment of sensor nodes they 

are static but sink may move within and/or around 

the network. It also makes the network dynamic, 

and the protocol that works for static sink may not 

be applicable for mobile sink. In many applications, 

sensor nodes are required to know their location 

information. It is not feasible to enable all nodes 

with Global Positioning System (GPS)[3]. So the 

routing protocol should be able to take the help of 

the techniques like triangulation based positioning 

[4], GPS-free solutions [5], etc. to get location 

information of the nodes. 

 

In recent years, attractive characteristics of sensor 

networks have led to incremental utilization in 

many military and civil applications such as battle 

field surveillance, environmental control, and 

security management. In such applications, it is 

important to efficiently disseminate information 

from each source to a sink node. However, if a sink 

moves to a different location, the data dissemination 

route may no longer be effective. The path will have 

to be continuously reconfigured based on the sink 

movement. The continuous reconfigurations can 

bring about tremendous traffic and energy wastage 

in the network. In particular, energy is considered 

as one of the most expensive resources in sensor 

networks [6]. 

 

Sink aggregates all the data received from the 

sensor field and forward it to the user through the 
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Internet. The sink is mobile in the case of WSN that 

makes the network dynamic. The energy 

consumption of the sensor nodes, which are nearest 

to the sink node, is much more than other nodes in 

WSNs. Because of more energy consumption, the 

nearest nodes die prior to the other nodes. This 

problem is known as an energy-hole problem. The 

sink mobility overcomes this problem. Energy 

efficiency and lifetime enhancement of the network 

is the prime concern of any wireless sensor 

network. The sensor network requires routing 

techniques for increasing the efficiency of any 

sensor nodes. Wireless sensor network Motivation 
 

Many protocols and methods have been developed [7][8][9] 

to reduce energy consumption and manage mobility.In the 

type of networks under consideration of this thesis, a 

considerable amount of energy is consumed for re-clustering 

and re-construction of tree. Thus, the main motivation is to 

reduce the control packet overhead due to re clustering and re 

construction of the tree in tree based protocols. As a result the 

overall average energy consumption of the network can be 

noticeably improved. This motivated us to develop an energy 

efficient routing protocol.   

   
1.1. Statement of problem 

 

Sensor nodes are driven by battery and in many 

applications, these batteries cannot be replaced. 

They die when the battery exhaust and the network 

functionality are affected. Thus, a routing technique 

is very much essential to enhance the life span and 

manages the battery efficiently. This characteristic 

motivates to design energy-efficient routing 

techniques. 

 

The energy hole problem can be solved using the 

mobile sink. However, the mobile sink management 

is a tedious task. Many routing protocols are 

working in the mobile sink environment but possess 

flaws like; ineffective management, increased 

energy consumption, and reduced data delivery 

ratio. It is essential to efficiently manage the mobile 

sink to prolong the lifetime of the network. 

 

In the existing cluster based routing protocols with 

mobile sink, the energy consumption due to re-

clustering and Cluster Head (CH) selection is 

causes high control packet overhead and average 

energy consumption of a network. This in turn 

causes shorter life time and high latency and need 

to be solved. 

 
1.2. Objectives 

 
1.2.1. General objective 

 

The main objective of the research is developing 

energy efficient routing protocol with mobile sink 

by minimizing the control packet overhead caused 

by re-construction of a tree, re-clustering and 

cluster head selection. 

 
1.2.2.   Specific objectives 

 

The specific objectives are: 

 Increasing the life time of a wireless sensor 

network by using deputy cluster head and cluster 

head panel method. 

 Managing the mobility of the sink using tree 

based architecture. 

 Reducing the energy consumption of control 

packets overhead.  

 Decreasing the average energy consumption of 

the network. 

 Minimizing the packet delivery latency. 

 
1.3. Methodology 

 

1.3.1. Literature Survey 

 

A number of journal papers and books from 

springer and IEEE transactions for wireless sensor 

computing and ad hoc networks are investigated in 

detail as books and journal papers are the major 

source of literature survey. Upon the investigation 

it can be seen that these papers are of two types. The 

first types are journal paper surveys published to 

elaborate particular concepts and to give hints on 

future works. These surveys along with books are 

studied to gain basic understanding of routing in 

wireless sensor networks, methods of mobile sink 

management and energy management algorithms. 

The second types are those papers which contain 

related works on the aforementioned methods.  

 
1.3.2. Identifying the problem 

and research gap 

 

A number of related works are extensively studied 

for identifying advantage and disadvantage of each 

work. From the pros and cons of previous works, a 

detailed analysis is performed to identify the gap 
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and extract a researchable aspect. Besides to this, 

the methods used to prove the evidences the 

different authors applied are thoroughly 

investigated to be able to propose state of the art 

methods and algorithms. 
1.3.3. Design of the protocol 

 

After identifying the research gap through an 

extensive survey and analysis of existing works, a 

number of design models and existing standards are 

studied to be able to come up with a reasonable 

network protocol design. Existing methods and 

algorithms are also investigated. A reasonable 

number of mobility models, network models and 

energy models are also identified and investigated 

as a basis for the design of better network protocol 

design.  
 

1.3.4. Simulations of the 

proposed network protocol and tools  

Appropriate evaluation metrics are studied from 

literatures and the performance of the proposed 

protocol is tested using evaluation metrics like 

network life time, average energy consumption, 

control packet overhead, end to end latency and 

packet delivery ratio. In testing these metrics, 

Castalia version 3.2 [10] is used as it is the most 

realistic simulator for dynamic wireless sensor 

networks and body area networks. It is also 

witnessed that this simulator has a suitable 

structural design which is suitable for the problem 

identified.  

 
1.3.5. Comparison of the 

proposed algorithm with existing 

works 

 

For testing the performance of the proposed 

protocol, it is compared with protocols of the same 

structure using the above mentioned evaluation 

metrics. Then a detailed and extensive analysis of 

the results is performed and finally conclusion is 

drawn from the simulation results found from 

Castalia 3.2. 

2. PROPOSED PROTOCOL 
AND METHODS 
 

 Cluster tree based protocols are better in terms of 

control packet overhead, average energy 

consumption, network life time and latency from 

the existing protocols. However these still have 

high control packet overhead in re-clustering and 

cluster head selection. So a centralized routing 

protocol is proposed where most of the computing 

tasks are handled by the sink. This protocol 

minimizes storage requirements at the node level 

and majority of the computing burden is shifted to 

the Base Station since the Base Station is a 

resourceful node. The clusters are formed by the 

Base Station and each cluster contains a Deputy 

Cluster Head (DCH) node and one Cluster Head 

(CH) node. This arrangement is to reduce the 

workload in the single CH node. The base station 

will periodically check the residual energy level of 

the cluster head nodes to ensure network 

connectivity and initiate tree formation and cluster 

head assignment. If the residual energy level of the 

cluster head is below a threshold level, the Base 

Station takes necessary actions such as change of 

headship or initiating re-clustering process. 

Initiating the entire re-clustering or Cluster Head 

selection process frequently, is energy consuming 

and actually an overhead. In order to reduce it, we 

used the notion of cluster head panel which is a set 

of suitable nodes for the roles of Cluster Head as 

well as Deputy Cluster Head. This is prepared at the 

time of system setup and is valid for the longest 

duration possible [11]. 

 

For the implementation of this proposed protocol, 

we used OMNETT ++ with Castalia, a simulator for 

wireless sensor networks which is based on 

OMNET ++ platform. So the proposed protocol is 

compared with the existing protocols in terms of 

Average Control Packet Overhead, Average Energy 

Consumption, Average End-to-End Latency, 

Packet Delivery Ratio and Network Lifetime. 

 

 
2.1. System Model 

 
2.1.1. Assumptions 

 

The following assumptions are considered for the proposed 

protocol [30]. 

 Sensors node are all stationary after 

deployment. 

 The sink is moving within the network 

with a specified speed. 

http://dx.doi.org/10.29322/IJSRP.12.10.2022.p13009
http://ijsrp.org/


International Journal of Scientific and Research Publications, Volume 12, Issue 10, October 2022             71 

ISSN 2250-3153   

  This publication is licensed under Creative Commons Attribution CC BY. 

http://dx.doi.org/10.29322/IJSRP.12.10.2022.p13009    www.ijsrp.org 

 The sensor nodes are uniformly 

distributed in the network field with 

random deployment. 

 The base station possesses unlimited 

memory, computation and battery 

power. 

 The sensors are homogeneous and have 

the same capabilities. 

 Sensor nodes are battery powered, 

hence have limited energy. 

 Sensor nodes can calculate their 

residual energy. 

 Links are symmetric, i.e., the data 

speed or quantity is the same in both 

directions, averaged over time. 

 There is no obstacle hindering the 

movement of the sink. 

 
2.1.2. Network model 

 

It is considered that a wireless sensor network that 

consists of n number of sensor nodes and a mobile 

sink. The protocol generates a tree T from the 

sensor nodes. It can be represented as a graph G 

(V,E) where V = {v1, v2, ...vn} is the sensor nodes 

and E is the link between a node set (vi, vj) where 

vi, vj  ϵ V . The tree construction is independent of 

the sink position. The sink is moving within the 

network with the varying speed of 5 to 30 

meter/second. The Pause time (δ) for sink to collect 

the data is 5 seconds [12]. The network is divided 

into equal sized virtual grids. The grids are formed 

in such a way that every node of a grid can 

communicate directly with the nodes of adjacent 

and diagonal grids. The Base Station or Sink is 

located far away from the sensor field. Sensor field 

is the geographic region in which sensor nodes are 

deployed. The sensor nodes are deployed in such a 

manner that they organize themselves into a dense 

network. Depending on the application, the number 

of sensor nodes deployed for studying a 

phenomenon may be in the order of hundreds or 

thousands. 

 
2.1.3. Mobility model  

 

For modeling the movement of the sink, an 

appropriate mobility model should be implemented. 

Because the performance of the proposed protocol 

is highly dependent on the movement pattern of the 

sink.  

 

 
Figure 2.1 Classification of Mobility Models and Examples 

[13] [14] 

 

Existing mobility models in literature can be 

classified into two main categories where the first 

category is called heterogeneous mobility models 

and the second one is named homogenous mobility 

model [15][16].  

In contrast, homogeneous mobility models are 

based on having nodes of the same type in the 

network. To elaborate, the network will be 

consisting of a group of mobile nodes adopting and 

using the same mobility model. Furthermore, these 

mobile nodes will collaborate in order to monitor 

the area of interest and collect the required 

information. In some cases all the nodes in the 

network might be mobile while in other cases only 

a sub-group of sensor nodes are mobile which are 

able to move from one location to another [15][16]. 

 

Note that each of the previously mentioned 

categories can be further divided into different 

subcategories that are summarized in Figure 3.1 

which is adapted from [61] and [63]. Heterogeneous 

mobility models can be divided into four 

subcategories namely; random models, controlled 

models, predictable models and geographic models. 

On the other hand, homogeneous mobility models 

can be further classified into controlled models and 

random models where the random models can also 

be divided into totally random and partially random 

subcategories. Example of mobility models that fall 

under each category are provided in Figure 3.1.  

 

In our case, the sink is moving and the nodes are 

stationary from which we can conclude that our 

network movement pattern belongs to 

heterogeneous type. Among the heterogeneous 

mobility models, the random way point mobility 

model is considered as a benchmark for studying 

wireless sensor networks [13]. 

 

Random Waypoint mobility model:  

 

Random Waypoint model is a “benchmark” 

mobility model for Ad-Hoc networks to evaluate 

the performance of the routing protocol. The 

random waypoint model is used for the sink 
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mobility in WSNs. It generates the next position 

randomly in between Pmin and Pmax. Sink travels 

towards its succeeding position with constant speed 

or random speed. When the sink node reaches the 

next position, it pauses for the time duration called 

the Pause time (δ)[17]. The values of pause time and 

speed should be carefully selected as it impacts the 

stability of a network. Fast nodes and long pauses 

produce a more stable network than slow nodes and 

short pauses[18]. 
2.1.4. Energy Model 

 

In wireless sensor networks energy is expended due to several 

reasons like transmission of messages, reception of messages, 

sensing and local data processing. Therefore a good energy 

model is required in order to have an insight into where the 

energy is expended. So the total energy consumption is 

derived considering the above sources of expenditures and 

used for the implementation of the proposed protocol. Let’s 

assume that the energy expense due to the transmission of k 

bits of data over a distance d is given by Etx (k,d) and the 

energy expended due to the reception of k bits of data is given 

by Erx(k). So the total energy consumption of the sensor 

network can be given by: 

                          𝐸𝑇𝑜𝑡𝑎𝑙  =  E𝑡𝑥(k, d)  +  E𝑟𝑥(k)  +
 𝐸𝑎𝑔𝑔(k)  + 𝐸𝑆𝑙𝑒𝑒𝑝(t)………………3.1 

 

Where Esleep(t) is the energy spent by the node while in the 

sleep mode for a specified period of time and  Eagg(k) is the 

energy spent by the cluster head for the fusion of the energy 

where it is given in Equation 3.2. 

                       𝐸𝑎𝑔𝑔(k)  =  𝐸𝑝𝑟𝑜  ×

 k……………………3.2 

 

Where Epro is the energy cost of one bit for processing and k 

is the data size in bits. 

 

Equations 3.3 and 3.4 are the energy derivations for Etx(k, d) 

and Erx(k) respectively. 

 

     E𝑡𝑥(k, d)  =  𝐸𝑒𝑙𝑒𝑐  ×  k + 𝐸𝑎𝑚𝑝  ×  k ×  dɤ   

……….3.3 

 

Where d is the transmission distance and ɤ is the 

path loss exponent. 

                   E𝑟𝑥(k)  =  𝐸𝑒𝑙𝑒𝑐  ×  k 
………….3.4 

 

Where Eelec is the energy cost of the electronic circuit used to 

receive or transmit a bit of signal. By using the free space 

propagation model [19] the energy cost on amplifier Eamp 

referred as: 

 

                  𝐸𝑎𝑚𝑝  =  Ԑ𝑓𝑠……………..3.5 

     

Ԑfs is the energy cost of one bit to transmit in one 

hop in an open space or transmission and Eamp is 

the energy consumption of the amplifier to maintain 

the radio for reliable transmission.[20]. ɤ is the path-

loss-exponent and the value of ɤ ϵ {2, 4}[21]. If the 

distance between the transmitter and recipient is d 

meter and threshold value of the distance is d0 then; 

{

2   𝑖𝑓, 𝑑 ≤ 𝑑𝑜

4   𝑖𝑓, 𝑑 > 𝑑𝑜
          ɤ=         ……………3.6 

 

do can be  

 

given by: 

√
Ԑ𝑓𝑠

Ԑ𝑚𝑝
 

           d0=  …………………………3.7 

 

Єmp here is the energy cost of one bit in a multi hop 

transmission model. 

 

Using Equations 3.5, 3.6 and 3.7, equation 3.3 can 

be rewritten as: 

 

E𝑡𝑥(k, d)  

={
Eelec ×  k +  Eamp ×  k ×  d2

   if,   d ≤  d0

Eelec ×  k +  Eamp ×  k ×  d4
   if,    d >  𝑑0

  

………..3.8 

  

Now let’s define the energy spent by the node 

during sleep mode. 

 

   Esleep(t)=Elo× 

t……………………….………..3.9 

 

Where Elo is the energy consumption of a node at 

sleep mode in one second duration while the total 

time is given by t. Therefore the total energy 

consumption of a sensor node is given as shown in 

Equation 3.1. 
2.2. Performance Metrics 

 

To demonstrate the performance of the proposed protocol, we 

used some standard performance metrics such as average 

energy consumption, control packet overhead, network 

lifetime and end to end latency. 

1. Average Energy Consumption: it is the total 

average energy that each node expends for 

transmission, reception, aggregation, processing, 
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sleeping and listening. It is the measure of how a 

protocol is efficiently working and highly dependent 

on the design of the energy model we apply in the 

protocol. The energy expense for the control packet 

communication also affects the total energy 

measurement. 

 

2.  Control Packet Overhead: apart from the data 

transmission and reception in a particular protocol, 

there are also packets communicated among nodes 

for different purposes like grid construction, cluster 

formation, tree construction, re-clustering, and so on. 

These packets are called overhead packets because, 

they are not the actual data packet intended to reach 

at a particular destination. So these packets take some 

amount of energy and the measure of the energy cost 

due to them is termed as control packet overhead. 

 
3. Network Lifetime: it is the measure of the life span 

of a particular network for which it lasts functional. 

The definition of this metric is quite dependent on 

applications and might be different accordingly. 

Some applications may not be affected with the death 

of some nodes in the network while some may be 

highly sensitive to a death of a single node which 

causes network partition. Thus it may be defined as a 

life span till the first node dies, some portion of the 

nodes die or particularly partition is created. 

Therefore the energy model we use to efficiently 

manage the energy consumption and the control 

packet overhead is very important in enhancing the 

lifetime of a network. 

 

4. End-to-End Latency: The end-to-end latency is 

measured as the time taken for a data packet to 

transmit over a network from source to sink. It may 

consider all types of delay such as queuing delay, 

route discovery delay, processing delay, and so on. 

This metric indicates the robustness of the routing 

protocol[20]. 

 

5. Message Delivery Ratio: this metric is the measure 

of the ratio of the message received at the base station 

to the message sent. It measures how successfully a 

message is delivered to the intended destination and 

shows reliability of a route or a network in general. 

 
2.3. The proposed protocol 

 

The proposed protocol is called an energy efficient 

centralized tree based routing protocol for wireless 

sensor networks. It majorly consists of cluster 

formation and tree construction phases. The entire 

network is divided into equal sized square grids 

where these grids are considered to be clusters. 

Under normal conditions, cluster formation consists 

of cluster head election and joining process. After 

the cluster head is selected in each grid, all the rest 

of the nodes discovered their cluster head and join 

it. Then these cluster heads in each grid are 

considered as vertices to construct a tree. This 

protocol consists of DCH and cluster head panel. 

The cluster head panel contains candidate nodes 

including the DCH which eventually takes the CH 

position when the energy of the CH is drained 

below threshold value. The DCH and the candidate 

nodes from the panel are selected by the sink. In the 

set up phase, the DCH and the other candidates 

advertise themselves to the rest of the nodes. In this 

proposed protocol, when the residual energy of the 

cluster head is less than the threshold energy, the 

sink initiates the change of headship to the deputy 

cluster head without going through all the normal 

re-clustering process. This process of changing the 

headship is important because it doesn’t require the 

entire tree re-construction process. 

The proposed protocol consists of several phases 

such as grid construction, cluster formation, re 

clustering, tree formation, tree re-construction, 

mobile sink management, and data transmission. 

 

 
2.3.1. Grid construction 

 

 
Figure 2.2 Grid size estimation 

Grid based routing protocols are the most efficient 

protocols for data disseminating towards a mobile 

sink [22]. Because the total overhead due to the 

formation of equal sized square grids is negligible.   

 

 

 
Figure 2.3  Grid size estimation with diagonal grids 

 

This smaller-sized grid provides better connectivity 

with neighbor grids and freedom to transmit the 

data with shorter path length [12]. Once the grid 

size is decided using the above mentioned methods, 

the sensor nodes find their gird coordinate (X, Y) 

using Equation 3.14. 
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   𝑋 =  ⌈𝑥
𝑆𝑔⁄ ⌉ ,   𝑌 =

 ⌈
𝑦

𝑆𝑔⁄ ⌉….……………………………..3.14 

 

Now the entire network is divided into equal 

virtual grids and looks as shown in Figure 3.4. 

 

 
a. Network before the grid is formed                                                                            

b. network after grid formation 

Figure 2.4 grid construction 

 

 
a. Cluster head selection                                                                                                                 

b. cluster formation final view 

Figure 2.5 cluster formation 

 
2.3.2. Cluster formation 

 

What follows immediately after the grid construction is the 

cluster formation phase in which a cluster head is selected 

from each grid. The cluster and non-cluster head nodes are 

represented as shown in Figure 3.5. The cluster head is elected 

using two main criteria. 

1. The residual energy of the node should be greater 

than the threshold value where the threshold value is 

the average energy of the network at the time of 

consideration represented as: 

           Er(z)  ≥
 Ethreshold……………..3.15 

Assuming that Gz is the grid coordinate of any node 

z, CH (z) is the cluster head of any node z in grid 

Gz, and Er(z) is the residual energy of any node z ε 

Gz. 

2. The candidate node to be selected as cluster head 

should be closer to the centroid of the grid given by: 

CH(z)  =  min1 ≤ i ≤ j(| D(zi) |).3.16 

Where z1, z2, z3, ....zj are the nodes in the grid Gz. 

and | D(zi) | is the distance of any node zi from the 

centroid of the grid. 

 

After the cluster heads are elected from each grid, 

they broadcast advertisement (CH_ADV) packet 

within the grid. The non-cluster head nodes then 

send join request packet (CH_JOIN) and join the 

cluster head of that grid and create a cluster as 

shown in Figure 3.5(b). Then the cluster head 

generates a time-slot schedule for the cluster 

members to collect data in  a collision-free manner 

[12]. This process is shown in Algorithm 3.1. 

Algorithm 3.1 

Cluster Formation 

Data Structure for any sensor node A: 

CH(A): cluster head of node A. 

GA: Grid coordinates of node A. 

CHSelectedA: set to true when the sensor node 

A selected the cluster head, initialized to false. 

ChMbr(CH): set of cluster members of any 

cluster head CH. 

idCH: Id of Cluster head 

GCH: the grid of the Cluster head 

idA: Id of node A 

idCH(A): Id of the cluster head of node A 

 

Node A receives following packet from CH. 

 

CH_ ADV: <CH_ ADV, idCH, GCH>; 

if (GA == GCH) then 

CHSelectedA  true; 

idCH(A) = idCH; 

Send (CH_ JOIN, idA, idCH(A));                          

//Send the join request to the CH 

else 

Drop the packet; 

end if 

 

CH_ JOIN : <CH_ JOIN, idA, idCH(A)>        // 

CH receives join request from any node A 

if (idCH == idCH(A)) then 

CHmbr(CH)    CHmbr(CH) ∪ A; 

else 

Drop the packet; 

end if 

 

After receiving all CH_ JOIN packets, the CH 

broadcasts the time-slot schedule to the cluster 

members CHmbr(CH). 

 
2.3.3. Re-Clustering  

 

When the residual energy of the cluster head in any 

one of the virtual grids becomes less than the 

threshold value of the energy, the sink node initiates 

a change of cluster headship. As a result the deputy 

cluster head will take the head responsibility and 

takes the position of the vertex of the tree which 

were taken by the cluster head and communication 

continues as always. This is done by the instruction 

of the sink towards the nodes and their new cluster 

head. As shown in Algorithm 3.2, the cluster head 
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with residual energy less than the threshold energy 

hands over the responsibility to a deputy cluster 

head node or any node amongst the cluster head 

panel by the intelligent instruction of the sink.. 

 
Algorithm 3.2 

Re- Clustering  

Data Structure for any sensor node A : 

DCH(A): new cluster head of node A. 

ChMbr(DCH): set of cluster members of any 

new deputy cluster head. 

 

node A receives the following packet from 

sink:  

 

DCH_ ADV : < DCH_ ADV, idDCH>; 

send  (CH_ JOIN, idA, idDCH(A));                   

//Send the join request to the deputy cluster 

head 

else 

Drop the packet; 

end if 

 

DCH receives the following packet from 

node A: 

 

CH_ JOIN : < CH_ JOIN, idA, idDCH(A)> 

if(idDCH == idDCH(A)) then 

CHMbr(DCH)   ChMbr(DCH) u A; 

else 

Drop the packet; 

end if 

 

Therefore using Algorithm 3.2, the Cluster head 

responsibility is handed over to the DCH. This 

enables the re clustering process to only involve 

change of the cluster head which saves 

considerable amount of energy. After joining 

their Deputy Cluster head, the nodes start 

transmitting using their previously assigned time 

slots. 

 

2.3.4. Tree construction 

 

In this phase, the cluster heads in each virtual grid are taken 

as vertices and a tree is constructed for data dissemination to 

the mobile sink. Any one of the cluster heads intelligently 

selected by the sink may initiate the tree construction by 

broadcasting T_MSG control packet. This is shown in 

Algorithm 3.3. 

 

Algorithm 3.3 

Tree Construction 

Data Structure for any sensor node A : 

Children (A): children set of node A. 

Parent (A): parent of node A. 

IsCHA : it is true if any node A is a cluster head. 

Parent_SelectedA : set to true when the sensor 

node A selects its parent, initialized to false. 

T_ MSGSentA : set to true when the sensor 

node A sends T_ MSG packet, initialized to 

false. 

 

node A receives the following packets from 

node B: 

 

T_ MSG : < T_ MSG, idB, Parent(B) > 

if (IsCHA == true) then 

     if (idA == Parent(B)) then 

     Children(A)  Children(A)u [ {idB}; 

     else if (Parent_SelectedA == false) then 

     Parent(A) idB; 

Parent_SelectedA  true; 

if ((T_ MSGSentA == false)) then 

T_ MSGSentA  true; 

Broad (T_ MSG, idA, Parent(A)); //Broadcast 

T_ MSG packet 

else 

Drop the packet; 

end if 

end if 

else 

Drop the packet; 

end if 

  

 
a. Tree construction initial view                                                                     

b. tree construction after gateway node is 

selected 

Figure 2.6  Tree construction                                           
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We can see from the Algorithm 3.3 that, when the 

cluster heads of the different grids receive the 

T_MSG they perform following operations: 
 If the recipient is the cluster head, it checks the 

sender’s parent id and if it is the same as the receiver 

node id, then includes the sender id in the children 

list Children(A). 

 If it has not selected any parent, then select sender 

node as its parent. 

 If T_MSGSent flag of the recipient Cluster head is 

false, then broadcast T_MSG packet with modified 

parameter to the network. 

This way the tree is constructed as shown in figure 3.6 (a) to 

make sure the network is connected. 

 

2.3.5. Tree re-Construction 

 

Whenever the residual energy is less than the threshold 

energy, we said that the sink intelligently instructs the change 

of cluster head. In this process the cluster head is going to be 

changed by the deputy cluster head or the respective nodes 

from the cluster head panel. This dictates the re-construction 

of the tree. The following algorithm shows this re- 

construction process. 

Algorithm 3.4 

Tree re-Construction 

Data Structure for any sensor node A: 

Children(DCH) : children set of the new cluster 

head 

Parent(DCH) : parent of The new cluster head  

 

DCH receives the following packets from the 

sink: 

T_ MSG : < T_ MSG, idDCH, Parent(DCH), 

children(DCH) > 

Send (T_ MSG, idDCH, Parent (DCH) children 

(DCH));     //send only to its parent and child 

nodes. 

 

Upon receiving the T_MSG described in 

Algorithm3.4, the receiving cluster head nodes 

know that they are parent or child node of the 

newly elected cluster head and they automatically 

update their parent or children member list 

accordingly.  

 
2.3.6. Mobile Sink 

Management and load balancing 

 

In the wireless sensor networks of this type where 

the sink is mobile, the random waypoint mobility 

model is the suitable model. So the sink in this 

protocol follows this model to go around the 

network and collect information. An appropriate 

pause time is selected so that the sink pauses for 

some time and collect the information in that area. 

The sink is intended to go with speeds varying from 

3 m/s to 30 m/s with a pause time of 5 seconds. The 

sink selects the closest node from among the nodes 

as a gate way node and a communication link is 

created to the rest of the network through the gate 

way node. The data then is transmitted through this 

link from the cluster heads. This is demonstrated in 

Figure 3.6 (b) and Algorithm 3.5.  

When the mobile sink reaches to the new position, 

it selects the closest cluster head as a gateway node 

and transmits a Gateway packet. The gateway 

packet consists of sink id and selected gateway node 

id. When the selected gateway node receives the 

packet, it selects the next node as the sink to 

transmit the data and broadcasts the 

acknowledgment (ACK) packet. The ACK packet 

consists of the sender id and gateway node id. The 

recipient cluster head performs the following 

operations: 
 Checks if the ACK packet sender is a parent or a 

child, then 

 Checks if the ACK packet is not for the previous 

gateway node, then 

 Selects the gateway node as newly selected 

gateway node and selects next node as sender 

node id. 

 Forwards the ACK with its id and gateway node 

id. 

Using the above illustrated process, the next cluster 

head to receive the data is selected. In the same way 

when the sink is displaced to another position, it 

communicates the gateway node with a stop signal. 

Then upon receiving the stop signal, the gateway 

node broadcasts the packet to the rest of the network 

to instruct them to stop transmitting until a new 

position of the sink is announced. This enhances the 

message delivery ratio and at the same time 

prevents the message loss. 
 

Algorithm 3.5 

Mobile Sink Management 

Data Structure for any sensor node A and 

sink: 

Gatewaysink: gateway node selected by the sink. 

next nodeA: the cluster head x selects the next 

cluster head for data transmission. 

SendDataA : set to true once the cluster head 

chooses the next nodeA for data transmission, 

initialized to false. 
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IsCHA : it is true if any node x is a cluster head. 

GatewayA : gateway node selected by the node 

x. 

  

Sink transmits the following packet to the 

closest cluster head. 

Send (Gateway, idsink,Gatewaysink);      //the sink 

unicasts the Gateway packet to the selected 

gateway node. 

Cluster head node A receives following 

packets from the sink: 

Gateway: < Gateway, idsink,Gatewaysink> 

if (idA == Gatewaysink) then 

next nodeA  idsink; 

broad (ACK, idA,Gatewaysink);                    

//Boradcast the ACK packet. 

else 

Drop the packet; 

end if 

 

Cluster head node A receives following 

packets from node B: 

 

ACK: < ACK, idB,Gatewaysink> 

if  (IsCH &&((idB∈ Parent(A)) || (idB∈ 

Children(A)))) then 

if (GatewayA≠ Gatewaysink) then 

GatewayA  Gatewaysink; 

SendDataA  true; 

next nodeA  idB; 

broad (ACK, idA, Gatewaysink);                                                

//Boradcast the ACK packet. 

end if 

else 

Drop the packet; 

end if 

 
2.3.7. Data Transmission 

 

Nodes sense the data and send it to the cluster head. 

The cluster head then aggregates the data and sends 

it to the next cluster head in the tree if the SendData 

flag is true. In this way the data reaches to the 

gateway node. Once it reaches to the gateway node 

then the gateway node forwards it to the sink as 

described in detail in Algorithm 3.6. 
Algorithm 3.6 

Data Transmission 

Data Structure for any sensor node A : 

Send_DataA : set to true once the relay node 

chooses the next_ nodeA for data transmission, 

initialized to false. 

Send_ Data(A) : node A add the pair of id and 

seq_no after receiving the DATA packet. 

 

node A will receive the following packet from 

node B. 

 

DATA : < DATA, idsource, seq_ nosource, 

NextnodeB> 

if (idA == NextnodeB) then 

if (< idsource, seq_ nosource> Ȼ Send_ Data(A)) 

then 

Send_ Data(A)  Send_ Data(A) u {idsourc, 

seq_ nosource}; 

if (Send_DataA == true) then 

Forward (DATA, idsource, seq_ nosource, next_ 

nodeA);    //Forward the DATA packet to the 

next node. 

end if 

end if 

else 

Drop the packet; 

end if 

4. SIMULATION RESULTS 
AND DISCUSSIONS 

 

4.1. Simulation Software 

 

For the proper simulation of performance metrics, 

the selection of the appropriate simulation tool is 

very crucial. In our case, OMNET++ with Castalia 

is the preferable tool as it fully supports mobility 

and its structural design is suitable for our problem. 

 

OMNeT++ with Castalia:   

OMNeT++ is a component-based discrete event 

simulator. OMNeT++ uses building blocks called 

modules to implement their simulation. Modules 

are connected in a hierarchical nested fashion, 

where each module can contain several other 

modules. It uses Castalia which is  

a simulator for Wireless Sensor 

Networks (WSN), Body Area Networks and 

generally networks of low-power embedded 

devices. It is based on the OMNeT++ platform and 

used by researchers and developers to test their 

distributed algorithms and/or protocols in a realistic 
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wireless channel and radio model, with a realistic 

node behavior especially relating to access of the 

radio. Castalia uses the lognormal shadowing 

model as one of the ways to model average path 

loss, which has been shown to explain empirical 

data in WSN [24]. It also models temporal variation 

of path loss in an effort to 

capture fading phenomena in changing 

environments (i.e., the nodes or parts of the 

environment are moving). Castalia's temporal 

variation modeling is designed to be fitted to 

measured data instead of making specific 

assumptions on the creation of fast fading. The 

main features of Castalia are given as follows which 

clearly shows why this simulator is chosen [10]: 
 Advanced channel model based on empirically 

measured data. 

 Model defines a map of path loss, not 

simply connections between nodes 

 Complex  model for temporal variation of 

path loss 

 Fully supports mobility of the nodes 

 Interference is handled as received signal 

strength, not as separate feature 

 Advanced radio model based on real radios for low-

power communication. 

 Probability of reception based on SINR, 

packet size, modulation type. PSK FSK 

supported, custom modulation allowed 

by defining SNR-BER curve. 

 Multiple TX power levels with individual 

node variations allowed  

 States with different power consumption 

and delays switching between them  

 Realistic modeling of RSSI and carrier 

sensing 

 Extended sensing modeling provisions  

 Highly flexible physical process model. 

 Sensing device noise, bias, and power 

consumption. 

 Node clock drift 

 MAC and routing protocols available. 

 Designed for adaptation and expansion. 

Evaluation parameter value 

Network area 200 x200 m2 

Number of sensor 

nodes 

200  

Data packet size 512 bytes 

Control packet size 32 bytes 

Initial Energy 1J 

Eelec 50 nJ/bit 

Ԑfs  10 pJ/bit/m2 

Ԑ𝑚𝑝  0.0013pJ/bit/m4 

do 45m 

Elow 0.2 nJ/sec 

Simulation time 1000 seconds 

MAC Protocol TMAC 

                                            

Table 4.1. Simulation parameters. 

 
4.2. Simulation results 

 

An extensive and repetitive simulation have been 

done to verify and compare our proposed protocol 

with the well-known tree based protocols CTRP 

and TEDD using the performance metrics average 

energy consumption, control packet overhead, 

network life span and message delivery ratio.  

 

We used the Castalia simulator v 3.2 to experiment 

our proposed algorithm and used sets of parameters 

shown in Table 4.1. The parameters have been 

taken as standardized for the MICAz Mote data 

sheet [25].  

 
4.2.1. Average control packet overhead 

 

Figure 4.1 illustrates the average control packet transmission 

and reception overhead expressed in joules.  

 

 
Figure 4.1 average control packet overhead 

 

The control packet overhead includes the energy consumption 

for connection establishment, cluster head selection, tree 

construction, mobility management and load balancing. In 

TEDD and CTRP, the energy consumption due to relay and 

non-relay node interaction and the interchanging between 

their roles is higher than the proposed protocol. In the 

proposed protocol, the energy consumption of control packets 

is considerably reduced by the application of deputy cluster 

head and the cluster head panel as well as the mechanism 

employed for re-clustering and tree re -formation which 

removes the involvement of all nodes for re-clustering and tree 

formation every time the energy of a node is below the 

threshold value. Therefore the average control packet 

overhead in the proposed protocol is reduced by 11.78% 

compared to CTRP and 63.012% compared to TEDD. 

 

4.2.2. Average energy consumption per node 

 

This is the average energy each node consumes for the 

transmission and reception of data packets and control 

0

0.05

0.1

0.15

3 6 9 12 15 18 21 24 27 30

A
v
er

ag
e 

co
n
tr

o
l …

Sink speed (m/s)

C…

http://dx.doi.org/10.29322/IJSRP.12.10.2022.p13009
http://ijsrp.org/
https://en.wikipedia.org/wiki/Log-distance_path_loss_model
https://en.wikipedia.org/wiki/Log-distance_path_loss_model
https://en.wikipedia.org/wiki/Fading


International Journal of Scientific and Research Publications, Volume 12, Issue 10, October 2022             79 

ISSN 2250-3153   

  This publication is licensed under Creative Commons Attribution CC BY. 

http://dx.doi.org/10.29322/IJSRP.12.10.2022.p13009    www.ijsrp.org 

packets that are exchanged among nodes. In the CTRP and 

TEDD protocols, once the energy of the cluster heads is 

below the threshold energy required, the entire clustering and 

tree formation process is initiated.  

 

 
Figure 4.2 Average energy consumption 

 

But in the proposed protocol, no re-clustering and tree re-

formation is expected which results in a relatively low 

average energy consumption of each node. Figure 4.2 depicts 

that the proposed protocol consumes an average of 25.78% 

less energy than CTRP and 82.36% compared to TEDD. 

 
4.2.3. Network life time 

 

Network life time can be defined as the life span of a 

network until the first node dies. In routing protocols in 

wireless sensor networks in general, the life time is 

affected by many factors. It is affected by the control 

packet overhead due to the communication among nodes, 

between a node and a cluster head, a node and sink, a 

cluster head and a sink. It can also be affected by neighbor 

discovery, cluster head selection, data fusion, tree 

formation and other factors. 

 

 
Figure 4.3 Network lifetime 

 
In the proposed protocol the control packet overhead for re-

clustering and Tree re-formation is highly reduced and the life 

time of the network improves considerably as a result. As can 

be seen in Figure 4.3, the death of the first node in TEDD is 

recorded after 250s of simulation time and CTRP after 300s 

whereas the first death in the proposed protocol happens after 

550s of simulation time. Thus, death of the first node in the 

proposed protocol is postponed by almost 83% compared to 

CTRP and by 120% compared to TEDD. This results in an 

energy efficient protocols which leads to higher lifetime. 

 

4.2.4. End-to-End Latency 

 

The total time it takes for a packet to travel from its 

transmission to reception is dependent on many factors such 

as the speed of the sink, pause time and the time it takes to 

manage the mobility and cost of sink as well as re-clustering 

and re-construction of a tree. As can be seen from Figure 4.4, 

the latency of the proposed protocol relative to CTRP and 

TEDD is shown and it is different for different sink speeds. 

But the proposed protocol takes an average of 4.55% less time 

and cost when compared to CTRP and an average of 70.02% 

compared to TEDD. Therefore the proposed protocol 

outperforms in terms of latency compared to CTRP and 

TEDD. 

 

 

 
Figure 4.4 End to End Latency 

 

 

 

 
Figure 4.5 Data Delivery Ratio 

 

 
4.2.5. Message Delivery Ratio 

  

A routing protocol with a mobile sink usually suffers from 

data loss caused by link failure due to the movement of the 

sink in a certain speed. Message delivery ratio is ratio of the 

received data by the sink to the sent data by nodes which 

shows reliability of the link. As shown in Figure 4.5, the 
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message delivery ratio of the protocols for different sink 

speeds varies. In our protocol the message delivery ratio is 

improved with an average of 0.052% compared to CTRP and 

with an average of 0.123% compared to TEDD. 

5. CONCLUSION AND 
FUTURE WORKS 
 

5.1. Conclusion 

 

As routing in wireless sensor networks is one of the major 

sources of energy wastage and as these networks are very 

energy deficient, we examined many energy efficient routing 

protocols and proposed a noble routing protocol. Our 

proposed protocol is centralized to shift most of the energy 

consuming tasks to the base station which is a resourceful 

node. It is also clustered, tree based for data aggregation and 

load balancing to enhance the network lifetime. In this thesis 

work, Castalia v.3.2 simulator which is based on OMNeT++ 

is used to simulate and compare our proposed protocol with 

the well-known tree based protocols called CTRP and TEDD. 

Our protocol focuses on reducing energy consumption due to 

re-clustering and tree re-construction. By applying the 

concepts of deputy cluster head and cluster head panel in our 

protocol, the control packet overhead is considerably reduced. 

To prove that the application of these concepts brings the 

expected results an extensive and repetitive simulation is 

performed in our protocol and compared with the simulation 

results of CTRP and TEDD. Our simulation results 

demonstrate that the life time of the network in our protocol is 

improved by postponing the death of the first node by almost 

83% compared to CTRP and 120% compared to TEDD. It is 

also shown that the control packet overhead and average 

energy consumption is reduced by considerable amount. The 

end to end latency is also reduced and message delivery ratio 

is improved. Therefore we concluded from our simulation 

results that our proposed protocol outperforms the well-

known energy efficient routing protocols CTRP and TEDD in 

terms of average energy consumption, control packet 

overhead, network lifetime, end to end latency and message 

delivery ratio.  

5.2. Future Work 

 

Our proposed protocol is a centralized one. This 

limits its scalability. Even though it is sufficiently 

applicable for some specific applications like wild 

life monitoring, air pollution monitoring in a certain 

area and machine health monitoring etc., its 

scalability is limited. Therefore enhancing its 

scalability keeping its best performance can be 

considered for future work.  
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