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ABSTRACT 

 

It would be calamitous need of constant monitoring of unattended geographic locations for 

surveillance of the country, to protect the environment, and save valuable human lives from 

the natural threaten conditions. Networking of thousands of tiny and low-cost sensor nodes, 

which uses wireless protocols is used for remote monitoring of the unattended and human-less 

geographic locations. Apparatus included in the sensor node usually use battery as an energy 

source. Physical replacement of the energy source is usually not possible as they are deployed 

to monitor human-less and infrastructure-less areas.  Energy efficient routing protocols are 

primary need for the wireless sensor network (WSN). The research work presented in the thesis 

focuses on the same issue. Application of virtual grid helps in dividing entire geographic WSN 

area into uniform number of regions. Presence of head sensing node in each region reduces 

distance between member nodes and head sensing node. Optimal point theorem helps to 

maintain distances between head sensor nodes of the adjacent clusters. Uniformly appointed 

head sensing nodes and optimum distances between the head sensing nodes of the adjacent 

clusters helps to discover energy-efficient routing path from the head sensing node of the 

cluster to the base-station. The work presented in the thesis designates methodology to 

construct virtual grid that suits for any size of WSN, new methodology to appoint head sensing 

node for the cluster and energy-efficient routing mechanism.  Prescribed work in the thesis can 

be applied to any size of WSNs, as they dynamically compute the size of virtual grid base on 

the total geographical area of WSN. It also supports heterogeneity in terms of lingering energy 

of sensor nodes. Presented work in the thesis allows to place the base-station on any feasible 

location and do not restrict for placement of base-station to particular and fixed location. It also 

supports multiple base-stations based WSN architecture and its simulation results conducted 

for different scenarios shows that, in every circumstances it consumes less energy and provides 

stability by keeping a greater number of live nodes in each round. 
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CHAPTER:1  

Introduction 
 

1.1 Network: 

Two or more devices are connected to each other to share data or resources is called 

network. Network is a less costly solution to share data, enabling communication and also share 

hardware resources. It can be implemented by using [1] Stack of protocols, [2] Interfaces and 

[3] Media. Stack of protocols provide set of rules for communication between sender and 

recipient, and media propagates communication signals from sender to recipient which can be 

classified in two categories:  

[1] Guided Media: When two or more networking stations are connected using cable, 

whether it is a UTP (Unshielded Twisted Pair), Coaxial or Fiber optic cable. In this type of 

network, media will propagate communication signals from sender to recipient (in proper 

direction). A network which uses guided media is called wired network 

[2] Unguided Media: Here two or more networking stations are connected with each 

other wirelessly. Air will act as a media, and it will propagate the radio signals produced by 

sender. Radio signals obviously will be propagated in omni direction in the air and all the 

stations withing the communication range of sender station, can access those signals. In this 

case media is not guiding the signals to follows specific propagation path. Network which uses 

unguided media is called wireless network. 

1.2 Wireless Network: 

 Applications of the wireless network can be categorized in to 4 sections, W-WAN, W-

LAN, W-MAN and W-PAN as shown in the following figure [Fig:1.1]. 
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Fig:1.1- Types of wireless networks 

 Network of cellular phones are example of W-WAN (Wireless Wide Area Network) 

which is based on GSM, 3G or 4G technologies.  In every cell of the cellular network, there 

will be a Base-station is there and all the devices under that cell, are controlled, managed and 

served by that Base-station. Cell phones under same cell cannot communicate directly. W-LAN 

(Wireless Local Area Network) can connect all wireless devices in limited area typically much 

smaller than cellular network, using Wi-Fi router. Similarly, W-MAN (Wireless Metropolitan 

Area Network) uses Wi-MAX technology with stronger signals such that it can provide 

coverage in entire city. W-PAN stands for Wireless Personal Area Network, which is used to 

transfer data from one device to another, which are closer to each other. Bluetooth, ZigBee and 

UWB technologies, which produces short range radio signals can be used for W-PAN. Wireless 

network can be classified in two categories: 

1. Infrastructure-based Network:  This type of network is based on fixed infrastructure. 

In this network, Base-stations or access points are fixed and centralized. W-WAN, W-

MAN and W-LAN are examples of infrastructure-based network. 

2. Infrastructure-less Network (Ad-hoc Network): In this type of network, no 

centralized access points are available. In this network, we have collection of different 

wireless enabled nodes which can communicate with one another in the proximity of 

each other. It can be a type of multi-hop network, that doesn’t have fixed infrastructure 

and peer nodes take part in relaying information. This type of network is self-organizing 

and self-configuring network. So, when we need fast setup of network, without 

infrastructure, with less planning and with cost affordable, we are using Ad-hoc 

network. 
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1.3 Introduction Wireless Sensor Networks (WSNs): 

Wireless sensor network (WSN) is a network of several hundreds or thousands of sensor 

nodes, deployed in the sensing field. Sensing field is that geographical area or location, whose 

environmental data is our area of interest. Sensing field may be a location, which is unattended 

by the humans, but its monitoring is equally important for the human. For example, border area 

between two or more countries. This is a highly sensitive field, and no human is allowed in this 

buffer zone, but its surveillance is equally important from the remote places and countries are 

consistently monitoring these fields to protect the countries from intruders and terrorists.  

Another example, is a deep forest. Obviously, this is a field where presence of human 

is difficult or next to impossible, but it is important to monitor this field remotely. If we monitor 

such fields like deep forests then in the case of forest fire, we can take early actions and protect 

our environment.   

Similarly, there are many areas are there, which is human less, but its remote monitoring 

is equally important for the human being to protect from larger natural hazards. Oceans to be 

monitored, to gain the knowledge about tsunami kind of events, some of the geographic fields 

are to be monitored for volcano or earthquake kind of natural disaster events. 

If we monitor, these types of fields and we get the information well in advance to be of 

some disaster event, we can take early actions and we can reduce lots of loss of properties and 

lives.  

Wireless sensor networks, are really doing good to remotely observe, those highly 

sensitive geographical fields which are really unattended by humans. Small wireless sensor 

nodes, are deployed in these types of highly sensitive fields using helicopter or aircraft, which 

will sense the environment periodically and transmit their data to the sink node or Base-station 

either directly or via some intermediate nodes (nodes coming between original source node and 

sink node). Sink node then send the data to the remote location, where data is being processed 

or analyzed by the humans. 

The following figure [Fig:1.2] represents, a hypothetical idea of how wireless sensor 

networks are performing their functionality. 
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Fig:1.2-Data transmission model of wireless sensor network 

As shown in the figure [Fig:1.1], several wireless sensor nodes are deployed, in the unattended 

field. Periodically these sensor nodes become active, they will sense the data from the external 

environment and transmit that data to the sink node either using direct transmission or using 

multi-hop transmission. We will do detail discussion on direct and multi-hop transmission 

models of wireless sensor network later. Sensor nodes, which are deployed in the wireless 

sensing area has lots of constraints. For example, they don’t have consistent power supply. 

Wireless sensor nodes are getting the energy by battery. Another limitation or constraint with 

the WSN nodes is unavailability of wired network. Sensor nodes do not have wired network to 

transmit the sensed data, so usually they use wireless transmission. More details about wireless 

sensor node is given in the next section (Architecture of WSN node). Sink node is to be 

assumed with full of resource availability. Sink node has consistent power supply, has powerful 

central processing unit and wired networking facility. Sink node receives the data from various 

sensor nodes deployed in the sensing field, it processes the data and transmit the data to the 

user, who monitors sensing field from remote location, either by fiber optic cable or via satellite 

transmission. 
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1.4 Architecture of Wireless Sensor Node: 

 

Fig:1.3-Architecture of wireless sensor 

Typical sensor node is a sort of, like a mini computing device which has additional 

capabilities of sensing. In the figure, we have shown the architecture of the wireless sensor 

node. A wireless sensor node has some basic components. The functional components of the 

sensor node can be classified into: 

1. Sensing Unit 

2. Computing Unit 

3. Communication Unit. 

4. Power Unit 

1.4.1 Sensing Unit: 

 Sensing unit consists of one or more sensors. These sensors can sense the data from the 

external environment. Different types of sensors are available, which can sense different 

external parameters like sound, vibration, moisture, motion, pollution, smoke, temperature etc. 

Sensing unit periodically sense the data from the external environment and forward this sensed 

data to the processing unit.  

1.4.2 Processing Unit: 

 Processing unit of the wireless sensor node can be further classified in to four main 

components. These components are: 

1. ADC: ADC stands for Analog to Digital Converter. Usually when the data is sensed by 

the sensor from the external environment, it is available in the form of analog data. To 

process the data that has to translated into the digital form. Usually, ADC is directly 

connected to the sensor hardware of the sensor node, which converts the analog data 
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sensed by the sensor in the digital form and submit digital form of data to processor to 

process it. 

2. Processor: Every sensor node has low powered processor chip, which is less powerful 

and designed specifically to process only those data which is sensed by that node. 

Processor has very limited capabilities, like it can process the sensed data or compute 

the route to transmit the data. 

3. Memory: Sensor node also has small amount of memory to process the sensed data by 

the processor. Memory of the sensor node act as a main memory in which sensor node 

stores sensed data, protocol stack, routing data etc. 

4. Protocols: Protocol is stack of software layers, which provides set of rules to the sensor 

node. Protocols are embedded with the processing unit, which operates various 

hardware of the sensing node. 

5. Transceiver: Usually, sensor nodes are to be deployed in the infrastructure less 

environment, where wired transmission lines are not available to transmit the data, 

sensed by the sensor node. Therefore, to transmit the data it uses wireless transmitter 

circuitry, and an antenna to receive the data. Wireless protocols embedded in the 

processing unit, which controls and operates these wireless communication hardware 

devices.      

1.4.3 Power Unit: 

 As the nodes are deployed in the infrastructure less environment, consistent power 

supply is also not possible to energized the various functional units of the sensing node. 

Usually, battery is attached with the sensor node, which gives energy to the various units i.e. 

Sensing unit, Processing unit and Communication unit of the sensor node. Once the battery 

gets drained, the sensor node becomes useless. In most of the cases, sensor nodes are deployed 

in the sensing field, where physical replacement of the battery is not possible.  Because of, the 

sensor nodes are operated in the infrastructure less environment and physical replacement of 

the energy source is not possible in the sensing field, protocols which uses less energy to 

function are highly recommended for the WSN. Many researchers have given their valuable 

contribution to optimize energy efficiency of the sensor node. Details discussion about the 

different protocols, their merits and demerits will be discussed in the chapter:2. 

1.4.4 Example of Sensor Nodes: 

The following are examples of sensor nodes: 
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1. Xbow mica mote [ZESS] 

2. Eco [CHOU] 

3. Eco [MOTE] 

4. Dots [BERK] 

1.4.5 Attributes of Sensor Nodes: 

1. Sensor node should be multi-functional.  

2. Sensor node has a very short transmission range as they use Bluetooth or ZigBee 

protocols. 

3. Sensor node also has operating system. Tiny OS is a popular operating system for the 

sensor node. 

4. Sensor node is a battery-operated node. All the components of the sensor node like, 

sensing unit, computing unit and transceiver unit are energized by in-built battery. Once 

the battery gets drained, that sensor node will become dead sensor node and it cannot 

be reused. 

1.4.6 Constraints for the Sensor Nodes: 

Several constraints are applicable on the sensor nodes, as listed below: 

1. Sensor nodes are very small in size, typically less than a cubic centimeter. 

2. Sensor nodes must consume extremely low power. 

3. They are operated in unattended manner in highly dense area. 

4. Sensor nodes should have low production cost and be dispensable. 

5. They should be autonomous. 

1.5 Applications of WSN: 

 The several visualized applications, and applications still in the active research or in the 

development in the academic and industry are described as follows: 

1.5.1 Military Surveillance:  

 Sensor nodes are used to create WSN to help Military for surveillance and another 

military related researches. Deployment of the sensor nodes are done by the Military people in 

the unattended boundary areas between two countries or battlefields using aircrafts. Once the 

sensor nodes are deployed in the sensing field, they will create a self-configurable wireless 

sensor network. Periodically, these sensor nodes will sense the environment and transmit the 

data to the remote sensing location. 
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1.5.2 Wild-Fire or Forest-Fire detection:  

 Wireless sensor network can also be used to early detection of the forest fire. Several 

hundreds of sensor nodes are deployed in the deep forest. These sensor nodes are detecting 

smoke, fire or temperature at regular time interval, and immediately inform to the remote 

sensing location, when any uncertain event is being monitored. With the help of WSN, remote 

sensing station can find the exact location, where the uncertain event occurs, and rapidly relief 

action can be taken to protect environment or minimize the loss. 

1.5.3 Detection of natural hazards:  

 WSN can also be used, in the early detection of natural threats like earthquake, volcano 

or tsunami. Sensor nodes are deployed in the sensitive regions, which are prone to natural 

threats. Minor movement towards natural hazards condition will be detected by the sensor 

nodes, which can provide sufficient time to be prepare against that hazard’s conditions. 

1.5.4 Healthcare:  

 Very small and tiny sensor nodes, can be injected or deploy in the human body which 

is also known as body area sensor network. Small sensor nodes in the body is used to monitor 

chronic and grave diseases like cardiovascular disease or diabetes etc. Body area network is a 

cost-effective, user friendly and vital solution for monitoring patient’s phycological 

parameters. 

1.5.5 Agriculture:  

 WSN also servers its important and useful implications in the agriculture too. Here, 

sensor nodes are deployed in the agricultural field. Sensor nodes in the soil will detect the 

moisture or water level. In this type of WSN if the moisture level is detected to be lesser then 

some threshold value set, it will either inform by notification or it will automatically start the 

water pump to maintain water level in the soil. WSN can also be used to prevent the crops from 

insects. 

1.5.6 Industries:  

 WSN also has its important implications in the industrial applications. For example, in 

the Coal Mining industry, coals are abstracted from the surrounding of pillars. Sensor nodes 

are deployed on the pillars. When the output of the controller node crosses the predefined 

threshold limit, it will generate an alarm and activate temperature sensors. The temperature 

sensor nodes will continuously monitor the position of the fire and report it to controller node. 

The controller node will then display the location of the fire and prevent fire by pouring water 
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automatically at the hazardous location. Not only in the mining industry, but many other 

industries are automated using the services of WSN applications. 

1.5.7 Target or Object Tracking:  

 WSN can also be used to monitor activity of the animals. Sensor nodes are deployed in 

the forest area and using sensor node we can track the movement of targeted animal. Location 

of the target or object will be recorded in the database with respect to time, which will be 

important for the study of habitat monitoring of the targeted object. 

1.5.8 IOT:  

 Internet of things or IOT is another application of WSN. For the home automation 

system, sensor nodes are embedded in the various electronical and electrical gazettes.  For 

example, sensors in the television will automatically adjust its brightness, depends on the 

lighting condition of the room. Air condition can detect the opened door, and sends the signals 

to the controller. Controller will send the instruction to the devise attached with the door, which 

will close the door automatically. Water level of overhead tank will be sensed by the sensor 

nodes, deployed in the tank of water. If the water level goes beyond some threshold value, 

controller will start the water pump and when level of water increases to some maximum level, 

controller will turn the water pump off. These are some of the examples of home automation 

systems and IOT. Still there are lot more applications are there of IOT which is based on WSN. 

1.6 Types of WSN Applications: 

 Based on the geographical positioning of the wireless sensor node used in the WSN with respect 

to the time, WSN Applications can be divided into two major categories: 

1. Stationary 

In this type of wireless sensor applications, the sensor nodes are stationary. 

Sensor node are not changing their position throughout the application life time. Once 

the sensor nodes are deployed in the sensing field, their geographic location will remain 

constant during the WSN lifetime. Example of Stationary based WSN are military 

surveillance, object or target tracking, agriculture and industrial use of WSN and so on. 

In such applications once sensor nodes are deployed in the field, geographical they will 

remain as it is.    

2. Mobile 

In this type of wireless sensor applications, the sensor nodes are movable. One or more 

sensor nodes are allowed to change their position. Example of mobile sensor node 
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applications are smart traffic congestion control system, or under water WSN. In smart 

traffic congestion control system, sensor nodes are in the vehicles. When vehicle moves 

from one geographic location to another location, sensor node will also move from one 

location to another location. These sensor nodes are communicating to the Base-

stations, place on the roads at regular interval of distance. Based on the signal strength 

the speed and direction of the vehicle and number of vehicles (sensor nodes) in 

particular geographic region is calculated, and hence congestion is computed. 

Similarly, if we have deployed sensor nodes in the ocean, to predict tsunami kind of 

even then in this type of application, obviously sensor node cannot remain on the same 

location. With the ocean waves, sensor nodes will change their position. This type of 

applications where one or more sensor nodes, are allowed to change their position is 

called Mobile WSN. 

1.7 Coverage of WSN: 

 Sensor network consists of sensor nodes as a primary unit, and sensor node has a 

primary component that is sensor, which is used to sense the external parameters. Particular 

type of sensor node is used for particular type of application depending upon what sensor node 

is serving. When deploying such sensor nodes, some fundamental consideration that have to 

be made, so that we can get maximum coverage.  

Sensor coverage, studies how to deploy or activate sensors to cover the monitoring area. 

That can be done by two ways. 

1. Sensor placement 

2. Density control 

To get better coverage, we need to deploy or place the sensor nodes in such a way that, 

each and every point in that area has to be under the sensing range of at least one sensor node. 

Because of wireless sensor node has sensor to sense external environment, as well as it also 

has transceiver to transmit the data wirelessly to other nodes, two terms exist. Those are: 

Coverage: Coverage is the area of interest is covered satisfactory. Let’s assume that a 

sensor embedded in the sensor node can sense the environment up to Rs distance. Then if we 

assume a circle by keeping that sensor node at the center, and by considering Rs radius, will be 

a sensing coverage of that particular sensor node. 

Connectivity: if a particular node can transmit or receive the data from using wireless 

transceiver, is called connectivity range of that node. Let’s assume that Rt is transmission range 

of the sensor node and each and every sensor node has one or more other sensor node in its 



Introduction 

11 
 

transmission range at any particular time, then it is called well connected WSN. All the nodes 

of WSN have to be connected in the network, so that sensed data can reach to either Base-

station or sink node. 

Let if we assume sensing range 𝑅𝑠 and transmission range 𝑅𝑡 of the sensor nodes deployed 

in the WSN, then it is proven that the relationship between sensing range and transmission 

range is: 

𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑅𝑎𝑛𝑔𝑒 ≥ 2 × 𝑆𝑒𝑛𝑠𝑖𝑛𝑔 𝑅𝑎𝑛𝑔𝑒 

OR 

𝑅𝑡 ≥ 2 × 𝑅𝑠 

Most sensor nodes satisfy the condition so, coverage is the main issue, and not the 

connectivity. 

1.8 Reporting in WSN: 

 The purpose of deploying a WSN is to collect relevant data for processing. Once the 

sensor nodes are deployed in the sensing field, sensor node will sense the data from the external 

environment and transmit it toward Base-station or sink node for further processing or analysis. 

This is called reporting. Every sensor node periodically senses the data and report that data to 

the sink node or Base-station. Depends on the different types of applications, reporting of 

sensor nodes can be categorized in 3 different categories. 

1. Periodic reporting 

In this type of reporting, sensor nodes are periodically sense the data and transmit it to 

the Base-station or sink node. In this type of reporting, transceiver and sensing unit will be 

kept off. After some periodic interval of time (set in the sensor nodes in prior) sensor node 

will keep its sensing unit and transceiver on. It will sense the data, and transmit it to the 

destination. Here destination can be neighbor sensor node (in the case of multi-hop 

transmission) or that can be Base-station or sink node. Once the sensed data is received by 

the proper recipient sensor node will keep their transceiver off till next time interval. 

Keeping transceiver and sensing unit off, between two successive reporting time-interval 

will save energy for the sensor node. Periodic reporting scheme is used on those WSN 

applications where continuous monitoring of the sensing filed is required like military 

surveillance.  

2. Event-Driven reporting 

In this type of reporting, sensor node will not return any reporting data, unless some 

event occurs. In this type of application sensor node keeps their transceiver off, but their 
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sensing unit will be on forever. When sensing unit senses some unexpected event then 

sensor node turns on their transceiver and transmit the data to the destination. For example, 

in the case of Wild-Fire or Forest-Fire application, sensor nodes deployed in the forest will 

transmit the data to the Base-station if and only if, sensor node detects fire.  

 

3. On-Demand reporting  

 

In the case of On-demanding reporting, sensor node will keep their transceiver on 

forever. Sensor node neither transmit the data periodically nor wait for any event. In this 

type of applications, user passes the query for particular sensor node or some targeted 

sensor nodes. Query will be propagated in the WSN and targeted sensor nodes will sense 

the data and report it to the Base-station. Inventory control is an example of On-Demand 

reporting. 

1.9 Deployment of sensor nodes in WSN: 

 Deployment of the sensor node is nothing but the geographical placement of the sensor node in 

the sensing field or in a WSN. The main objective of the study of deployment of the sensor node in 

WSN is to minimize number of sensor node and maximize the coverage. For the static WSN we can 

predict the optimal geometric points, where we get maximize coverage, using minimal sensor nodes. 

Depends on the application deployment method for the sensor nodes in WSN can be divided into two 

categories. 

1. Deterministic deployment 

When the WSN is created for coal mining, IOT or agricultural applications, we have a 

freedom to place the wireless sensor node at any desired place. Deterministic deployment 

is used in such scenarios. Here the optimal place is determined in x, y and z coordinates, 

for each sensor and sensor nodes are deployed at that point. We mean, optimal points are 

those points, where if we deploy sensor nodes, then every point of the sensing area will be 

in the coverage using minimum number of sensor nodes in use. 

 

2. Random deployment 

If the WSN is created for military surveillance, wild fire detection, or to predict the 

event of natural hazards, we cannot predict the geographic coordinates for each sensor 

nodes. Because these fields are either human less or it is a large area. Random deployment 

method is used if the number of sensor nodes are more (generally in thousands) to cover 
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large geographical area. Using the helicopter or aircraft, sensor nodes will be deployed 

(thrown) in the sensing field. Once the sensor nodes are thrown from the aircraft, its 

location will be random and not predefined. 

1.10 Homogeneous and Heterogeneous WSN: 

 Based on what type of sensor nodes we have deployed in the sensing field, WSN can 

be homogeneous or heterogeneous. Homogeneous WSN is a collection of same type of sensor 

nodes deployed across the sensing field. Same type of sensor nodes means, having same 

lingering energy level, or same sensing and transmitting range. Many researchers have 

considered that the nodes have same energy level, where as some researchers have considered 

that lingering energy level can vary from node to node. In a WSN, energy levels of the sensor 

nodes, which are deployed in the sensing field is different (not uniform), we called it 

heterogeneous WSN.  

In the case of heterogeneous WSN, initially some sensor nodes will be deployed in the 

sensing field. After some time, when several nodes will die, few more nodes will be added to 

sensing field to extend the WSN network lifetime. When some more nodes are added to sensing 

field, later on then two types of sensor nodes will be available in the sensing field. Those nodes, 

which are deployed earlier, having less lingering energy and those nodes which are recently 

deployed in the sensing field, having more lingering energy. Because in this situation we have 

two different types of nodes, it is heterogeneous WSN.  

In the presented research work, we have considered heterogeneous WSN. At the time 

of deployment, there are two types of nodes are there. Some nodes have limited amount of 

lingering energy are called normal nodes, and some other nodes are there, having more energy 

are called advanced nodes. 

1.11 Sink-node and Base-station: 

 Sink node or Base-station terms are used for the data collector. Sink node or Base-

station will be a destination for the live sensor nodes in the WSN. Sensor nodes are sensing the 

data, and transmit it wirelessly, either directly or via using intermediate nodes to the sink node 

or Base-station.  

 Many researchers are using the term sink node, for the data collector node. Whereas 

many other researchers are using the term Base-station for data collector node of WSN. Data 
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collector node is then finally sending the WSN data to remote station, where user can analyze 

sensing data.  

 The difference between sink node and Base-station is sink node always be a sensor 

node, whereas Base-station may or may not be a sensor node. In our research, we have used a 

term called Base-station, for data collector node, because the data collector node is a sensor 

node or any other hardware, it doesn’t make any impact on the proposed protocol. 

1.12 Scope of the thesis: 

 Research is an infinite process. To complete the work in stipulated time period, working 

area must be known and predefined. We have also made some assumptions, and also decided 

boundaries for our working area. Following points explore the assumptions, that we have made 

for our research work, and they also define limits of our research work for the thesis. 

1. For our research work we have considered a stationary wireless sensor network. The 

nodes in the network have fixed geographic location and that may not change their 

positions during the WSN network-lifetime. 

2. Heterogeneous network, is considered for our research work, where the lingering 

energy levels of sensing nodes can be different. Initially, sensor nodes are deployed in 

the sensing field and when after some time period, few nodes run out or energy (drained 

their battery) few more nodes can be added to extend the life-time of the WSN. This 

will introduce heterogeneity in the sensing nodes (having different energy levels in the 

sensor nodes). In fact, proposed protocols (research presented in the thesis) can also 

function for homogeneous (same lingering energy in the sensing nodes) kind of WSNs 

as well. 

3. Advances in the hardware design in last two decades, powered a sensor node with GPS 

chip. Sensor node can know their GPS location. The work presented in the thesis 

assumes that the sensor nodes are location-aware nodes. 

4. All sensor nodes have low-powered processor to process the data. It can perform as a 

relaying node as well, to forward the data sensed by other nodes to Base-station. Sensor 

nodes are also equipped by small memory modules to store the sensed data, to process 

the data and to store the TDMA schedule. 

5. Sensor nodes used for our protocols are also have built-in amplifiers embedded in the 

sensor node itself. This amplifier can be controlled by the software, and amplifies the 

signal that can easily recognized by the recipient placed at some desired distance. 

Transmitted signals by the sensor nodes are weaker, and cannot propagate up to longer 
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distance. Built-in amplifier of the sensor node, strengthen the signal so that it can reach 

up to the terminus. Amplifier also consume energy for its amplification work. 

6. Base-station is the final destination, which can be sensor node or any other device, 

which forward the details (data of the WSN) to the remote location using satellite or 

optical fiber for further analysis. Base-station don’t have resource limitation. Unlimited 

power supply, wired network or satellite link and powerful processor is provided to it. 

Base-station knows the location of each sensor nodes and their lingering energy levels. 

The TDMA schedule will be processed centrally by Base-station and distributed it to 

all the sensor nodes. 

7. We have used MATLAB for simulating a mathematical model for energy conservation 

for our proposed protocol. Our research work is focused only on routing part, so that 

the sensed data can be route in such a way that it consumes lesser possible energy, 

which will extend the lifetime and stability time period of the WSN. Our research work 

does not cover any security related issues of WSN. 

  1.13 Organization of the Thesis: 

1. In the first chapter, we have given a brief introduction about wireless sensor network. 

We have discussed its types, advantages and area of application in broader way. We 

have discussed types of deployment strategies of sensor nodes in to the field of WSN. 

We have also discussed differences between homogeneous and heterogeneous networks 

and clarify the terms Base-station and sink node. WSN is very broad area of research, 

so that we have also listed the scope of our research work in it. 

2. In the second chapter we have discussed all literatures, which we have studied during 

our journey of research. The literature we have discussed in this chapter have given lots 

of analytical knowledge and inspiration for our research work. 

3.  In the third chapter we have briefly explained, how virtual grid can help to appoint 

head sensing nodes on the field of WSN, in a uniform way geographically.  For a small-

scale WSN how the WSN area is divided into number of regions and what strategies 

can be used to appoint head sensing nodes are discussed in this chapter. At the end of 

this chapter, we have also simulated the protocol and compared its result with other 

highly sited protocols. 

4. In the fourth chapter we have briefly explained another approach to appoint head 

sensing node of the WSN field. In this approach instead of virtual grid, we have adopted 

the concept of virtual circles. To rotate the job of head node of the cluster, we have used 
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a method of rotating angle. We have also simulated this concept and compared our 

simulation results with other popular protocol, which comes under the same segment. 

5. In the fifth chapter, we have tried to make the multi-hop transmission-based protocol. 

Multi-hop transmission split the longer path into small multiple paths. Study radio 

transmission model indicate that the transmission energy is in the direct proportion of 

distance. Long transmission path consumes much energy. To split the path, we have 

introduced gateway nodes. Many experiments we have conducted and lots of 

knowledge we gained from the results of these experiments. 

6. In the sixth chapter, we have utilized all the knowledge and made protocol that can suit 

for both types of WSN networks that is homogeneous and heterogeneous. The protocol 

is also designed in such a way that it can work on a small-scale and large-scale network. 

It supports a method so that sensor nodes can transmit their data using multi-hop 

transmission model without overhead of gateway nodes. The protocol described in this 

chapter is free from any assumption related to the geographic location of the Base-

station. Protocol works for any geographic location of Base-station. The protocol 

proposed in the sixth chapter can also work with multiple Base-stations. The algorithms 

used in the protocol, its simulation, working of the routing algorithm are discussed 

broadly in this chapter. 

7. In chapter seven, we have discussed the result obtained by proposed protocol is 

compared with other protocols. Different size of networks, are taken into consideration 

and compared the result of proposed protocol with other protocols are depicted in the 

chapter. 
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CHAPTER-2 
 

Literature Review 

 

2.1 Introduction: 

As monitoring of remote and un-attended area is important for military surveillance 

system to protect the country from intruders and terrorists, to protect the environment from 

forest fire, and to save human lives from natural threaten conditions like earthquake and 

tsunami. Wireless sensor network help in monitoring of remote locations. Wireless sensor 

network is a network of tiny sensor nodes which uses wireless protocols to transmit their data 

sensed by a sensing unit. Because the sensor nodes are designed to deploy in the infrastructure-

less environment, persistent power supply is usually not possible. To energized various 

apparatus of the sensor node, battery is used. Once the battery is drained sensor node become 

useless and cannot be utilize again. Energy-efficient protocols are primary need of WSN. Many 

researchers have given their valuable contribution to increase the ability of WSN by designing 

energy-efficient protocols. The literatures we have studied, and the literature from which we 

have taken inspiration are discussed below. Available routing protocols for WSN can roughly 

categorized as follows: 

1. Data relaying protocols 

2. Data centric protocols 

3. Hierarchical or clustering based protocols 

2.2 Data relaying protocols: 

 Data relaying protocols are very simple in nature and easier to implement. Data relaying 

protocols do not use any routing table and it do not require any information related to the 

topology. 

2.2.1 Direct Transmission: 

 Direct transmission is the simplest way to transmit the data sensed by the sensor nodes 

to the Base-station. Periodically sensor nodes sense the data and they directly transmit their 

data to the Base-station directly. The following figure [Fig:2.1-A] shows the implementation 

of the direct transmission. The problem with the direct transmission is those sensor nodes, 

which are deployed at longer distance from Base-station need to spend high amount of energy 
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to transmit their data, and hence after few rounds they will die as shown in the figure [Fig:2.2-

B]. 

  

Fig:2.1-A Direct transmission method Fig:2.1-B Direct transmission method after 

few rounds 

2.2.2 Multi-hop Transmission: 

 Multi-hop transmission is another alternative solution to transmit the sensed data by 

sensor nodes to Base-station. Here sensor node transmits, its data to the nearest intermediate 

neighbor between it and Base-station. In this transmission scheme intermediate nodes are 

acting as relaying nodes. In this transmission method those nodes which are nearer to Base-

station quickly lose their energy as they are doing their duty of sensing environment as well as 

they additionally provide their services to other nodes which are at longer distance from Base-

station by relying their data. Multi-hop data transmission model and its effect after few rounds 

are shown in the figure [Fig:2.2]. 

  

Fig:2.2-A Multi-hop Transmission method Fig:2.2-B Multi-hop transmission method 

after few rounds 
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2.2.3 Flooding:  

Flooding is another method to send the sensed data by a sensor node to the Base-station. 

Here sensor node transmits its data to the nearest neighbors. Neighbors are using the same 

mechanism and send that data to its neighbors except source node. The process will continue 

until that packet will not be received by a Base-station. Flooding method generates vast number 

of duplicate packets which consumes lots of energy and cause congestion in the network. 

2.2.4 Gossiping:  

To overcome the problem of implosion, another algorithm for data propagation in WSN 

is suggested called Gossiping. In this algorithm sensor nodes will select any one random 

neighbor, and transmit the data to only one neighbor, which in turn selects any one random 

neighbor except the source node and continue this process until the data reaches to the Base-

station. This algorithm is free from the problem of implosion, but it suffers from long 

propagation delay. 

2.2.5 Flossiping:  

Flossiping algorithm has been proposed by Y. Zhang and L. Cheng which do balance 

between flooding and gossiping. The source node places a threshold value in the data packet 

and forwards it to its neighbor. Neighbor node will generate a random number and compare it 

with the threshold value. Based on the comparison the neighbor will decide that packet will be 

forwarded to the next neighbor by gossiping or flooding.    

2.2.6 LGossiping:  

S. Kheiri et. al. has proposed algorithm Lgossiping which uses GPS location of the 

node. Sensor node will pass the data to only that neighbor who is near to the Base-station by 

comparing the GPS locations of the Base-station and its neighbor. This algorithm is better than 

the algorithms discussed above, in terms of energy saving and propagation delay, but it 

introduces extra cost and overhead of GPS device. 

2.3 Data centric protocols: 

 As the global addressing is not possible in the WSN, data centric protocols use query 

driven routing mechanism. It uses data aggregation method to avoid transmission of redundant 

data to the Base-station. [1] SPIN: Adaptive protocol for information dissemination in wireless 

sensor network and [2] DD: Direct diffusion are data centric protocols. 
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2.3.1 SPIN: Adaptive protocol for information dissemination in wireless sensor 

network: 

 In this protocol to disseminate the data by a sensor node, three stages of (ADV – REQ 

– DATA) messages have to be followed. When the new data is obtained from the environment 

by a sensor node and it willing to pass this data, then it does this by forwarding ADV message. 

The neighboring node will check for redundant ADV message. If it is not redundant then it will 

send REQ message to the source node. Once source node receives the REQ message then only 

source node transmits its data to its neighbor.  It reduces flooding data cost by considering that 

the network is a source-centric. The following figure [Fig:2.2] shows functioning of SPIN 

source-centric protocol. 

 

Fig: 2.2-Disseminate of data in SPIN protocol  

2.3.2 DD: Directed Diffusion method: 

 In this method Base-station will transmit interest packet. Interest packet is nothing but 

a query on a particular sensor node made by a Base-station. The interest message of the Base-

station is propagated by the sensor nodes using their neighbor nodes. When the query message 

reaches to the targeted node it performs gradient setup (in which it identifies shortest path from 

it to Base-station, by evaluating multiple packets from its neighbors). Once the shortest path is 

identified by a targeted node then path reinforcement is taken place and targeted node transmit 

its data to the Base-station using shortest path. The following figure [Fig:2.3] represents [1] 

interest propagation, [2] Gradient setup and [3] Path reinforcement phase of the Directed 

Diffusion method.  
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Fig: 2.3-Phases of Directed Diffusion method.  

2.4 Hierarchical and Clustering-based Protocols: 

 The protocols available in this category uses complex logic for creating clusters or 

hierarchies to route the data from the particular sensor node to Base-station. It increases 

algorithmics complexity but reduces lots of energy conservation. 

2.4.1 PEGASIS: Power-Efficient Gathering in Sensor Information System:  

 In PEGASIS the Base-station finds its closest nodes. These nodes in terms find their 

closest nodes. This token passing mechanism process continues till all the nodes of WSN join 

the chain. Data propagation is carried out through this chain of intermediate nodes. At each 

intermediate node data aggregation is performed. In the following figure [Fig.2.4] working of 

the PEGASIS is presented. The main drawback of this protocol is long delay. Because of the 

data of the sensor node at the end of the chain, passed through multiple hops, and aggregation 

of the data performed at each level, data might change (inconsistent) and reaches to Base-

station after longer period of time (longer propagation delay).   

 

Fig: 2.4-Working model of PEGASIS.  

2.4.2 LEACH: Low Energy Adaptive Clustering Hierarchy: 

 LEACH protocol proposed clustering based hierarchy, where the nearby sensor nodes 

forms clusters. All the sensor nodes of an WSN divides themselves into multiple clusters. In 

each cluster a cluster-head is appointed based on probability. Cluster-head prepares TDMA 

schedule for all the cluster members and send this schedule to its members. During the given 

time slot cluster-member will wake up, senses the data and forward it to the head sensing node 

of the cluster. After sending the data, the cluster-member node will switch off its radio 
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transceiver (sleep mode). Cluster-head will collect the data from all the cluster members, 

aggregate the data and send the data to the Base-station. Once the all cluster-head nodes 

transmit their data to the Base-station, the round gets completed. In another round, another 

cluster-head node will be appointed based on their probability to becoming of cluster-head and 

same process gets repeated again. Round by round operation of LEACH protocol is presented 

in the following figure [Fig:2.5]. 

 

Fig: 2.5-Working analysis of LEACH protocol 

 LEACH protocol is based on the assumption that nearby nodes sense the same data 

and it will cause redundancy if the same data transmitted again and again by all sensor nodes. 

To reduce the energy consumption only cluster-head will transmit aggregated data to the 

Base-station. All sensor nodes are following strict TDMA schedule so network congestion 

can be avoided. Simulation of the LEACH protocol is presented in the following figure [Fig: 

2.6]. 

 

Fig: 2.6-Simulation of LEACH protocol 

2.4.3 TEEN: Threshold sensitive Energy Efficient Network protocol:  

 Protocol TEEN is suitable only for reactive networks. It uses multilevel hierarchy for 

sensor nodes. Nodes senses the data and stored it into the its local memory. When second 

time sensor nodes sense the data, it will be compared with its previously sensed data (which 
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is stored in its local memory). If the difference between these two successively sensed data 

is more than some threshold value then and then sensor node reports the data to the Base-

station. User do not receive the data, if no node senses the data which is differs by the 

threshold value than the previously sensed data, even if all node dies in the network. 

Network hierarchy of the TEEN protocol is presented in the following figure [Fig: 2.7]. 

 

 Fig: 2.7-Clustering hierarchy of TEEN protocol 

2.4.4 APTEEN: Adaptive Periodic Threshold-sensitive Energy Efficient sensor Network 

protocol:  

 APTEEN is improved version of TEEN protocol. It is hybrid protocol, and combines 

LEACH and TEEN protocol. Function of the TEEN protocol was reactive, so if the value 

sensed by the sensor nodes is going beyond some threshold value compare to its previously 

sensed data then and then it will report about these changes to the Base-station node. APTEEN 

follows the same functionality which is followed by a TEEN protocol. Additionally, periodic 

reporting on regular time interval is added to the APTEEN protocol (same as LEACH). Time 

interval will be usually larger compare to LEACH protocol. 

2.4.5 LEACH-C: Energy-Efficient Communication protocol for Wireless Microsensor 

Networks: 

 Clustering is an energy-efficient approach for WSNs. LEACH has proposed clustering-

based communication for WSNs. The problem with the LEACH protocol is, sensor nodes are 

autonomous and they form the clusters in each round. In each round, lots of control frames will 

be transmitted and received by the sensor nodes to create and manage the cluster. In LEACH-

C the responsibility of cluster formation and management is given to the Base-station. Base-

station will fetch the locations of every sensor node, process the locations of the sensor node, 
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create the clusters and distributes the scheduling of sensor nodes to all live sensor nodes in the 

field. Usually, Base-station are more powerful compare to the sensor nodes and do not have 

any resource limitation like energy. This effort has increased the performance drastically in 

terms of energy efficiency of WSN. 

2.4.6 SEP: A Stable Election of Protocol for clustered heterogeneous wireless sensor 

networks: 

 In SEP, more focus is given on stability of the network rather than life time of network. 

If a greater number of live nodes are present, then WSN provides more accurate information, 

because the information is processed with large sample collection made by large number of 

live sensor nodes. To achieve stability SEP is using extraneous energy of advanced nodes. In 

SEP, preference is given those nodes to become a cluster-head node of the cluster having more 

lingering energy. As a result, compare to LEACH-C protocol, a greater number of live nodes 

present in each round of SEP protocol simulation. 

2.4.7 HEED: A hybrid energy-efficient, distributed clustering approach for ad-hoc sensor 

networks: 

 HEED is another clustering-based protocol uses DSSS codes to reduce interference 

within the cluster. HEED proposed multi-hop communication between cluster-head node and 

Base-station by allowing multiple intermediate cluster-head nodes of the other clusters. 

2.4.8 M-GEAR: Gateway-Based Energy-Aware Multi-hop Routing Protocol for WSN: 

 In M-GEAR, to transmit the data from cluster-head node to Base-station which is 

significantly a longer path and cluster-head node needs to spend more energy, gateway nodes 

are proposed. Gateway nodes are intermediate relaying nodes between cluster-head node and 

Base-station which split the longer path into multiple hops.  The problem with this proposal is, 

usually in cluster-based architecture strict TDMA schedule is followed and sensor nodes keep 

their transceiver off until their turn comes (to optimize their energy-efficiency). To act as 

gateway node, sensor nodes have to keep their transceiver on all the time, and this will consume 

more energy.  

2.5 Other variants of LEACH protocol: 

 Although APTEEN, LEACH-C, SEP and HEED are extended version of original 

LEACH Protocol, many researchers have given their original contribution to improve LEACH 

protocol. They are described below: 
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2.5.1 M-LEACH: Mobile-LEACH: 

 In M-LEACH, all sensor nodes are stationary while the sink node is considered as a 

mobile node. All sensor nodes are homogeneous in terms of energy. Protocol assumes that the 

all sensor nodes have their GPS device to find their GPS location and sink-node knows the 

GPS position for every sensor node. Sink-node is movable and it changes its position to gather 

the data from various cluster-head sensor nodes.  

2.5.2 sLEACH: Solar Aware LEACH: 

 For energy harvesting purpose if solar cells are installed in the sensor node, which 

enhances the energy capacity of the sensor node. With this assumption sLEACH protocol is 

developed. In fact, it increases the life time of the sensor nodes and hence overall life time of 

a WSN is increased. 

 2.5.3 TL-LEACH: Two Level LEACH: 

 In two level LEACH, two level hierarchy of the cluster head is created as shown in the 

following figure [Fig: 2.8].  Sensor nodes after sensing the data, submit it to the nearest second-

level cluster-head. Second-level cluster head will aggregate this data passed it to their nearest 

first-level cluster heads. First-level cluster head will finally transmit their data to the Base-

station after aggregation of all its second-level cluster-head’s data.    

 

Fig: 2.8-Working model of TL-LEACH protocol 

 

2.5.4 MH-LEACH: Multi-Hop LEACH: 

 In LEACH-C, when cluster-head nodes of all clusters collect the data from their 

respective cluster-member nodes, they aggregate it and transmit it directly to the Base-station. 

Usually cluster-head nodes are situated at longer distance from the Base-station. Due to this 
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reason cluster-head nodes have to spend huge amount of energy to submit their cluster-data to 

the Base-station. To overcome this problem MH-LEACH protocol is proposed. In MH-

LEACH, the data of cluster-head nodes are passing through intermediate cluster-head nodes of 

other clusters between that particular cluster-head node and Base-station. Working model of 

MH-LEACH is described in the following figure [Fig: 2.9]. 

 

 

Fig: 2.9-Simulation of MH-LEACH protocol 

2.5.5 IMHRP: Improved Multi-Hop Routing Protocol for Wireless Sensor Networks: 

 Most protocols are simulated and tested with a smaller size of WSN. IMHRP more 

focuses on large scale WSNs. The routing algorithm of this protocol is designed in such a way 

that it gives enhanced performance in terms of energy-efficiency for larger size of WSNs. 

  2.6 Virtual Grid based protocols: 

 Most cluster-based protocols are using the same technique, which is used in the LEACH 

protocol to appoint a cluster-head node. In LEACH, cluster-head node is appointed on the basis 

of probability. Some protocols like MSECHP, VGDD and VGDRA have proposed application 

of virtual grid to divide the entire geographic location of WSN into number of equal size of 

regions. In each region, one cluster-head node will be appointed from the set of live nodes of 

specific region. This approach will uniformly distribute cluster-head nodes in the WSN and 

increases the performance, overall life-time and stability of the network. From the given three 

protocols MSECHP is suitable for static Base-station based applications, and other two 

protocols VGDD and VGDRA is suitable for the movable bas-station based applications. 

2.7 Multiple Base-station strategy: 

 To reduce the energy consumption and to enhance the network life-time of WSN few 

researchers have proposed multiple Base-station based architecture. In this type of architecture 
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multiple Base-stations are placed in different locations of WSN. Form these set of Base-stations 

one Base-station will act as master Base-station which will compute shortest route-path for 

cluster-head nodes, determine appointment of the cluster-head node for each round and for 

each cluster, distribute the TDMA schedule to each sensor node and also collect the data from 

various cluster-head nodes. Whereas other Base-station nodes are act as slave and they will just 

collect the data from the various cluster-heads. In multiple Base-stations based architecture 

cluster-heads are always transmitting their processed cluster-data to the nearest Base-station. 

Availability of multiple Base-stations will reduce the distance from cluster-head nodes to Base-

station and it gives drastic enhancement in network life-time of WSN. 

 

 

 

 

 



28 

CHAPTER-3 
 

MSECHP: More Stable Election of Cluster Head Protocol for 

Heterogeneous Wireless Sensor Network 

3.1 Introduction: 

We have seen in the previous chapter:2 that if we rift the entire wireless sensing filed, 

in the number of equal sized regions or partitions, then we can build a stable and energy-

efficient protocol for stationary WSN.  Protocols which rift geographic area of sensing field 

into small segment which is also known as clusters are called clustering-based protocol. 

Clustering-based protocols dominant it’s advantage over other protocol in terms of energy 

efficiency. In these protocols not all sensor nodes are transmitting the data toward Base-station, 

but they are appointing a node which will act as main node or head node, which collects the 

data from the various sensing nodes, within the transmission range of it. Head node of that 

cluster will process the data received from the member sensor nodes of that cluster. Finally, 

head node will transmit the data to the Base-station. In the case of clustering not all nodes of 

the cluster transmitting the data to the Base-station which is usually placed at longer distance. 

Nodes are just reporting their sensing data to the head node of its cluster which is usually 

situated at lesser distance. By reporting, sensing data to the nearer head node, member nodes 

of the cluster will save lots of energy. Another benefit of the clustering protocol over direct 

transmission protocol is, head node represents the processed data of entire cluster, which is 

more reliable than the data transmitted by a single sensor node. Many protocols discussed in 

the chapter:2, are using different algorithms to elect head node for the cluster.  

In the LEACH and many other protocols, every sensor node is generating a probability-based 

random number initially. If that random number is greater than some threshold numeric value, 

then that node is elected as a head node. So, several head nodes are being elected in the sensing 

field. This action will divide all sensor nodes deployed in the sensing field in to two sets, 1. Set 

of those sensor nodes which are elected as a head node (Set of head nodes) and 2. Set of those 

nodes which are not elected as a head node (Set of member nodes). Now, from set of member 

nodes, one node will be picked up and it will compute the distance from all the nodes of set of 

head nodes. Member node will join that head node which is nearest (at a smallest distance) 

from it. The same process is repeated for all other member nodes. At the end, all member nodes 

have one head node which is at the smallest distance from other head nodes. 
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Member nodes will sense the data and forward it to its head sensor node. The head 

sensor node of the cluster is then aggregate the data and forward it to the Base-station. In this 

protocol, because of the head sensor node of the cluster cannot keep its transceiver off (for 

energy saving purpose), as it is constituently, gathering or receiving the data from its members. 

Not only that it is also processing the received data from the member which also consume 

energy. Once the processed or aggregated data is computed then it has to transmit to the Base-

station, situated at longer distance. These actions spend much energy of the head sensing node 

for every cluster. To balance the energy consumption between nodes, after one successful 

transmission, the entire head appointment algorithm gets repeated. In each round, new nodes 

are appointed to act as a head node for each round, cluster will be formed and data is transmitted 

to the Base-station. Many researchers have developed their own versions for clustering, but 

most have adopted same mechanism for election of the head node. 

3.2 Weakness of probability-based random election algorithm: 

  Most energy-efficient protocols, developed for WSN, use random election algorithm to 

appoint head sensor node for the cluster. Limitation of using probability-based random number 

generation algorithm to appoint head node is, it doesn’t appoint the head sensor node 

geographically uniform over the sensing area. At some specific geographic location two or 

more head nodes may be appointed and in some large geographic location no node is appointed 

to be a head of the cluster. To understand this, consider the following figure [Fig:3.1]. 

 

Fig: 3.1-Simulation of 100 sensor nodes in the 100m * 100m of WSN in LEACH-C  

 In the above figure [Fig:3.1], simulation of LEACH-C protocol is presented with 100 

wireless sensor nodes randomly distributed over the 100m * 100m of sensing area using 

MATLAB. Using probability-based random number generation algorithm some of the nodes 
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are elected as head sensor nodes for the clusters, which is represented as * in the figure, for 

some specific round. Now if we observe the large rectangular area from point (0,0) to the point 

(35,80), there is no single node is appointed as a head, where as in the small rectangular area 

from (75,0) to (100,10) there are 3 nodes are appointed as head. Sensor nodes deployed in the 

geographic location (0,0) to (35,80) needs to join head node which at a longer distance, and 

they need to transmit their sensing data at a longer distance, they need to consumed much 

energy. Rather than electing head nodes of the clusters, based on probability-based random 

number generation algorithm, head nodes of the clusters have to be appointed by considering 

their lingering energy and their geographic locations. 

3.3 Radio-Transceiver model of Sensor Node: 

 Sensor nodes are usually made to deploy in the sensing field, where infrastructure like 

wired network is not available.  Sensor nodes are self-configurable. Once it is deployed, it will 

automatically interact with other nodes and form a network. For Communication purpose, 

sensor nodes are powered with radio-transceiver. Using radio-transceiver sensor nodes can 

transmit the signal to the other nodes, as well as receives the signals transmitted by other nodes. 

 Usually, sensor nodes are producing low-powered and low-ranged transmission signals, 

and that cannot be propagate to longer distance. Due to overcome this limitation, recent sensor 

nodes are powered by a small amplification built-in module. Once the sensor node generates 

the signal, amplifier will strengthen the signal, so that it can reach up to desired distance. 

Advances in the sensor technology made in last two decades, provides advance sensor nodes, 

which are equipped with advance amplification technology, which can, boost the signal based 

on distance. Means if we know the distance, built-in amplifier will power the signal so that it 

can reach up to recipient. If the distance is less, amplifier will give lesser strength to the signal 

to save energy, but if the recipient is at a greater distance, amplifier uses more power (energy) 

to produce more powerful signal. 

 To understand radio-transceiver model for wireless sensor node, let us assume that the 

transmitter sensor node needs to consume ETrans energy to produce transmission signal.  

Similarly, receiving sensor node also consume ERec energy to receive a transmitted signal by 

transmitter. In the case of WSN transmitting energy and receiving energy for a bit of data is 

same that is 50nJ/bit. Therefore, generalized term ETRX can be used for energy used to transmit 

or receive one bit of data. 

𝐸𝑇𝑅𝑋 = 𝐸𝑇𝑟𝑎𝑛𝑠 = 𝐸𝑅𝑒𝑐 = 50 𝑛𝐽/𝑏𝑖𝑡 [3.1] 
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3.3.1 Computation of Transmission-energy: 

 It is true that the to transmit a single bit of data ETans energy is used, but this signal is 

low powered and cannot reach up to the longer distance, where recipient is placed (because 

Bluetooth and ZigBee protocols produces short range signals). Now let’s further assume that 

the distance between transmitter sensor node and recipient sensor node is d. To send the signal 

up to d distance, amplification is used as shown in the following figure [Fig:3.2].  

 

Fig: 3.2-Transmitter-Receiver model of sensor node    

 Suppose, amplifier circuitry embedded in the sensing node consume EAM energy to 

strengthen the signal, so that it can reach up to distance d (to receiving sensor node), then total 

transmission cost (in terms of energy) to send the single, to the receiving sensor node placed at 

distance d from the transmitter node is the sum of transmission plus amplification energy. 

𝐸𝑇𝑟𝑎𝑛𝑠(𝐾, 𝑑) = 𝐸𝑒𝑙𝑒𝑐 ∗  𝐾 +  𝐸𝐴𝑀(𝑑) ∗ 𝐾 [3.2] 

 

3.3.2 Computation of Amplification-energy: 

 To transmit a bit, transmitter node spends EAM(d) energy, which can be computed based 

on free space model or multipath model, which can be formulated as: 

 𝐸𝐴𝑀(𝑑) =  {
𝜀𝑓𝑠 ∗  𝑑2       𝑖𝑓 𝑑 < 𝑑0

𝜀𝑚𝑝 ∗  𝑑4     𝑖𝑓 𝑑 ≥  𝑑0 
 

[3.3] 

 If the distance is less than d0 constant, then free space method is used by transmitter 

amplifier, and if the distance is more than d0 then, multipath model is used. In the free space 

model amplification energy spent by amplifier of transmitter node is directly proportion to d2, 

whereas in the case of multipath model amplification energy spent by a transmitter node is in 

the direct proportion of d4. The value of d0 can be computed as: 
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𝑑0 = √
𝜀𝑓𝑠

𝜀𝑚𝑝
 

[3.4] 

 Therefore, using equation [3.1], [3.2], [3.3] and [3.4], we can derive a generalize 

equation to compute, total transmission energy needs to spend by transmitter sensing node to 

transmit K bits of data to the recipient sensing node, placed at d distance is: 

𝐸𝑇𝑟𝑎𝑛𝑠(𝐾, 𝑑) =  {
𝐸𝑒𝑙𝑒𝑐 ∗ 𝐾 +   𝜀𝑓𝑠 ∗  𝑑2 ∗ 𝐾       𝑖𝑓 𝑑 < 𝑑0

𝐸𝑒𝑙𝑒𝑐 ∗  𝐾 +  𝜀𝑚𝑝 ∗  𝑑4 ∗ 𝐾     𝑖𝑓 𝑑 ≥  𝑑0

          
[3.5] 

 

 

3.3.3 Energy required to receiving data: 

 Recipient node also spends energy to receive the data transmitted by a transmitter node. 

To receive a bit, recipient node has to spend 50 𝑛𝐽/𝑏𝑖𝑡 of energy as shown in the equation 

[3.1].  

  

3.4 Appointment of the head sensing node for the cluster: 

 To appoint the head nodes, which are uniformly distributed over the sensing field, 

virtual grid can be apply on the sensing field to divide the sensing field into the number of 

equal sizes of square regions. In each region whatever sensor nodes are there from that set of 

sensor nodes, one node will be selected as a head node for a particular round. Applying virtual 

grid to divide the sensing field into the number of regions and each region, has its own head 

node, will overcome the problem discussed in the previous section. 

 In the following figure [Fig:3.3], MATLAB simulation of a WSN shows, how the head 

node is appointed in every region uniformly. In the simulation 100 sensor nodes are randomly 

in the 100m * 100m of sensing field randomly. The entire sensing field is divided by applying 

virtual grid of size 3. Means total 3*3=9 regions are made in the WSN. In all the 9 regions, one 

node is appointed as a head node. Other sensor nodes will simply join the nearest head node to 

form a cluster. 
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Fig: 3.3-Deployment of 100 sensor node in the 100m * 100m of WSN with head sensor nodes are 

appointed by considering their geographic locations 

 In the first step, the entire WSN geographical area is divided in 9 equal sizes of square 

regions. Now, in each round one node will be selected as a head node from the set of lives 

nodes, geographically located in that particular region. The selection of head node will be done 

by the average probability of 3 different probabilities. These 3 probabilities are: 

1. Probability based on rotation 

2. Probability based on energy 

3. Probability based on location 

3.4.1 Probability based on rotation: 

 The job responsibility of the head sensing node is to receive multiple quantities of 

sensing data from the member nodes of their own cluster, processing it and forward it, in a 

single quantity to the Base-station. Head sensing node cannot keep their transceiver off, as it is 

receiving the data from multiple member sensing nodes of the cluster, whereas member nodes 

are sensing the data, and after transmitting it to the head, they keep their transceiver off up to 

next round. Head sensing node also dissipate energy to process the data. And finally, when it 

transmits it to the Base-station, it needs to spent much energy, as in most cases Base-station 

will be at longer geographical distance.  

 If we keep the same node to be a head node for more than one round, then it will run 

out of battery (energy) quicker. So, the responsibility to be a head node has to be rotated in 

each round. Suppose, if the cluster has n nodes. The node selected as a head node, should not 

be appointed again till next n-1 rounds. To do this each node has assigned a variable called 
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Rotational_Probability. Now, suppose there are N nodes are there in a particular cluster. 

Another variable, called C is taken as a counter variable, which will be initialized with the same 

value of N. Now with the following formulation, rotational probability can be computed for 

each node of the particular cluster. 

𝑅𝑜𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙_𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
𝐶𝑜𝑢𝑛𝑡𝑒𝑟 × 100

𝑇𝑜𝑡𝑎𝑙 𝑛𝑜𝑑𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑐𝑙𝑢𝑠𝑡𝑒𝑟
=

𝐶 × 100

𝑁
 

[3.6] 

  

In the first round all the nodes of the same cluster have 100% rotational probability to 

be a head sensing node for the cluster. When all the node has same probability, then any one 

random node will be selected and promoted as a head sensing node for the cluster. Once the 

first round is completed the counter variable C, will decreased by 1. That means now its priority 

will be decreased to be as a head sensing node for the cluster. All other N-1 nodes, have 100% 

priority to get promotion. Now from these N-1 nodes one more node will be selected as a head 

node of the cluster. Its counter variable will be decreased by 1, and the process continues. When 

the variable C becomes 0 for all the sensing node of the cluster then again it will be reinitialized 

with the number of live nodes in that cluster. 

This algorithm will rotate the turn to be a head node for the cluster among all nodes of 

the cluster. The algorithm will try to rotate the turn for the promotion, and a node which act as 

a head node in this round, will not be promoted again up to next N-1 rounds, where N is the 

number of live nodes exists in that particular cluster. An algorithm to compute rotational 

probability is given below. 

Algorithm: 3.1 

for i=1 : 1 : n 

 SN(i).cntr = Cluster (SN(i).C).nodes; 

 SN(i).rprob =SN(i).cntr * 100 / Cluster(SN(i).C).nodes; 

end 

if (IsMax(SN(i).prob, SN(i).C) 

 % code to make SN(i) node to be a head sensing node of the cluster 

 SN(i).cntr=SN(i).cntr -1; 

end 
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 In this algorithm SN is an array of structure node, which will store necessary details of 

all sensor nodes. In the algorithm cntr, rprob, and C are the attributes of structure node. 

SN(i).cntr  represents counter variable for ith sensor node. Cluster is another array of structure, 

which stores information about all clusters. The term Cluster(i).nodes represents number live 

nodes in ith cluster. In each round initialization of cntr variable of the node, is done with number 

of live nodes in the cluster, which it belongs too. Rotational probability can be computed based 

on these variables as per equation [3.6]. Term SN(i).prob is an average of probability based on 

ration, probability based on energy and probability based on location. If it is maximum, 

compare to all other nodes within its cluster then that node is selected to be as a head sensing 

node for that cluster. Once the node gets promoted, to be a head sensing node of the cluster 

then, its cntr attribute will be decremented by 1. This will reduce its probability to be as head 

in the next round.  

3.4.2 Probability based on energy: 

 Computation of the probability based on energy is important, because using it 

prioritization of those nodes having more energy to be a head sensing node of the cluster 

become possible. If we promote a sensor node having less lingering energy to act as a head for 

the cluster then it will die earlier. With this problem, a greater number of nodes will die after 

few rounds. This will create instability in the network. By mean of stability, a greater number 

of live nodes, which senses more accurate data about the sensing field. We consider that data 

is accurate, and reliable which sensed by multiple nodes. Data sensed by a single node can be 

considered as a reliable data. To maintain the stability of the WSN it is necessary to prioritize 

that node having much lingering energy. This will give extra life time to those nodes having 

lesser remaining energy, and they can survive for few more rounds. 

 To achieve this, algorithm is computing total remaining energy for the cluster in each 

round. Using following formula, Probability based on energy can be computed using following 

formula [3.7] for each node in each round. 

𝐸𝑛𝑒𝑟𝑔𝑦_𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
𝑅𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑁𝑜𝑑𝑒 ∗ 100

𝑇𝑜𝑡𝑎𝑙 𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑙𝑢𝑠𝑡𝑒𝑟
=

𝐸 ∗ 100

∑ 𝐸𝑝
𝑝
𝑖=1

 
[3.7] 

 

Where, E is the energy of the node, and p is the number of nodes in the particular cluster, 

and Ep is the energy of the pth node. 

 



MSECHP 

36 
 

Algorithm: 3.2 

for i=1 : 1 : n 

 for j=1 : 1: No_of_clusters 

  if (SN(i).C==j) 

   Cluster(j).E= Cluster(j).E + SN(i).E; 

  end 

 end 

end 

for i=1 : 1: n 

 SN(i).eprob=SN(i).E * 100 / Cluster (SN(i).C).E; 

end 

In the algorithm: [3.2], n is the number of sensor nodes, No_of_clusters are total number 

of clusters, SN(i).C is the cluster number of ith sensor node. SN(i).E is the lingering energy of 

the ith sensor node. Cluster(j).E is the total energy of jth cluster. Finally, SN(i).eprob is the 

probability based on energy of ith sensor node. 

3.4.3 Probability based on location: 

 Probability based on location focuses on the geographic location of the node in the 

sensing filed. Once the data is sensed and submitted to the head sensing node of the cluster, 

head sensing node will process it, and transmitting that processed data to the Base-station with 

high transmission power using amplification. If the node is selected to be a head sensing node 

of the cluster, for particular round, which is at longer geographical distance from the Base-

station, then that node tends to spent grater amplification energy compare to that node which 

is nearer to the Base-station. Therefore, we need to increase the probability of getting 

promotion to be a head sensing node to that node which at geographically shorter distance from 

the Base-station. 

 To understand consider the following two cases shown in the following figure [Fig:3.4]. 

In the first case [Fig:3.4-A], selected head node is nearer to the Base-station. In this case, head 

sensing node of the cluster is acting as a carrier, which takes data from the member nodes and 

forward it toward Base-station. The data propagation is done in a one direction only and that is 

towards the Base-station. 
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 In the second case [Fig:3.4-A], the head sensing node is at a greater distance from the 

Base-station. In this case, member nodes are transmitting the data in the opposite direction of 

the Base-station, and head sensing node has to disbursed much amplification energy. 

  
[Fig:3.4-A] Head Sensing node is near to the 

Base-station 

[Fig:3.4-B] Head node is far from the Base-

station 

 

 To compute the probability based on location, first Euclidian distance of each sensor 

node belonging to a particular cluster to Base-station is computed. Then, total distance (sum of 

Euclidian distance of all sensor node of that cluster) is computed, and finally Distance 

Probability can be computed using following formula. 

𝐿𝑜𝑐𝑎𝑡𝑖𝑜𝑛_𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =

𝐸𝑢𝑐𝑙𝑖𝑑𝑖𝑎𝑛 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑛𝑜𝑑𝑒 𝑓𝑟𝑜𝑚
 𝐵𝑎𝑠𝑒 𝑆𝑡𝑎𝑡𝑖𝑜𝑛 ∗ 100

𝑆𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑛𝑜𝑑𝑒𝑠 
𝑜𝑓 𝑡ℎ𝑒 𝑐𝑙𝑢𝑠𝑡𝑒𝑟

=
𝐷𝑖𝑠𝑡 ∗ 100

∑ 𝐷𝑖𝑠𝑡𝑝
𝑝
𝑖=1

 

 

[3.8] 

 

Algorithm: 3.3 

for j=1 : 1: No_of_clusters 

 Cluster(j).Total_Dist= 0; 

end 

for i=1 : 1 : n 

SN(i).Dist = sqrt( (SN(i).xd – sink.xd )^2 + (SN(i).yd – sink.yd) ^2 ); 

Cluster(SN(i).C).Total_Dist = Cluster(SN(i).C).Total_Dist + SN(i).Dist; 

end 
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for i=1 : 1 : n 

SN(i).Dist_Prob = SN(i).Dist * 100 / Cluster(SN(i).C).Total_Dist; 

end 

 In the algorithm first, Total_Dist is set to be a 0 for each cluster. Then Euclidian distance 

for each sensor node to Base-station is computed, and this distance has to be added to its 

relevant cluster’s Total_Dist field. Based on the Dist field of the sensor node and Total_Dist 

field of the cluster we are computing the probability based on distance is Dist_Prob for all 

sensor nodes. 

3.4.4 Final probability: 

 Final probability of the sensor node is nothing but average probability of, probability 

based on rotation, probability based on energy and probability based on location. 

𝑃𝑟𝑜𝑏𝐹𝑜𝑟𝐶𝐻

=
𝑅𝑜𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙_𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 + 𝐸𝑛𝑒𝑟𝑔𝑦_𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 + 𝐿𝑜𝑐𝑎𝑡𝑖𝑜𝑛_𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦

3
 

 

[3.9] 

  

That node having highest ProbForCH among all the nodes of a particular cluster, will 

be selected to act as a head sensing node of the cluster, for that particular round. 

Algorithm: 3.4 

for i=1 : 1 : n 

SN(i).ProbForCH = (SN(i).Dist_Prob+ SN(i).eprob+ SN(i).rprob)/3; 

end 

for j=1 : 1 : No_of_clusters 

 logic=false; 

 for i=1 : 1: n 

  if (SN(i).C==j) 

   if(logic==false) 

    Cluster(j).CHNode=i; 

    Logic=true 

   else 

    if(SN(i). ProbForCH > SN(Cluster(j).CHNode). ProbForCH) 
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    Cluster(j).CHNode=i; 

   end 

  end 

 end 

end 

 In this algorithm, final probability is computed to be a head sensing node for the cluster, 

which is nothing but the average probability of probability based on location, energy and 

rotation. So, in each cluster, we are finding a node which has the highest probability, and 

promoted that node as a head sensing node for the cluster. After a round, probability based on 

rotation and energy will be changed. Therefore, the same exercise gets repeated in each round 

to appoint a new head sensing node for the cluster. 

3.5 Transmission: From Member to Head sensing node: 

 The algorithm:3.5, which is elaborated below is used to estimate energy conservation 

of the transition, where the data sensed by the member sensor nodes of the cluster are 

transmitted their data to the respective head sensing node. Member nodes of the cluster 

dissipate their transmission energy and amplification energy for the distance equal to, that node 

and its head node of the cluster. If this distance, dist < d0 then data is transmitted using free 

space model. But if this distance, dist > d0 then multipath model is used to transmit the data to 

the head sensing node of the cluster. 

1. For free space model 

𝐸𝐴𝑀 ∞ 𝑑2 

2. For multipath model 

𝐸𝐴𝑀 ∞ 𝑑4 

Similarly, head sensing node of the cluster dissipate its receiving energy. Head sensing 

node of the cluster also dissipate the energy to aggregate (process) the data transmitted by all 

member sensor nodes of its cluster to it. This same process continues for rmax number of 

rounds, if fact, in each round a new head sensing node is appointed as the algorithms discussed 

above. 

Algorithm: 3.5 

for r=1 : 1 : rmax 

    for i=1 : 1 : n 

        if (SN(i).E>0) 
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dist = sqrt ( (SN(i).xd – SN(Cluster(SN(i).C).CHNode).xd)^2 - (SN(i).yd – SN(Cluster 

(SN(i).C).CHNode).yd)^2); 

 if (dist < d0) 

  SN(i).E = SN(i).E – ( (ETX + (Emp * dist * dist)) * 4000); 

 else 

  SN(i).E = SN(i).E – ( (ETX + (Efs * dist * dist * dist * dist)) * 4000); 

 end 

 SN(Cluster (SN(i).C).CHNode).E = SN(Cluster (SN(i).C).CHNode).E – (ERX + 

EDA) * 4000; 

         end 

    end 

end    

 

3.6 Transmission: From Head sensing node to Base-station: 
 

 Finally, the aggregated (processed) data is transmitted by the head sensing node to the 

Base-station, and head sensing node tends to spent transmission energy. 

Algorithm: 3.6 

for j=1 : 1 : No_of_clusters 

    dist = sqrt ( (Cluster(i).xd – BS.xd)^2 - (SN(i).yd – BS.yd)^2); 

 if (dist < d0) 

  SN(Cluster(j).CHNode).E SN(Cluster(j).CHNode).E – ( (ETX + (Emp * dist 

* dist)) * 4000); 

 else 

  SN(Cluster(j).CHNode).E = SN(Cluster(j).CHNode).E – ( (ETX + (Efs * dist 

* dist * dist * dist)) * 4000); 

 end 

end  

3.7 Simulation: 

 Using MATLAB, we have simulated wireless sensor nodes in the sensing field. 

Randomly we have deployed 100 sensor nodes in the geographical area 100m * 100m of WSN. 

In this simulation we have taken a grid size 3. Therefore, total geographical area of WSN is 
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divided in 9 equal square shaped regions. In every round, we have tried to promote one node 

of every region, as a head sensing node, so that one head sensing node, has been present 

uniformly in every region. Once the appointment of head node is done in every region, then 

other nodes will join the nearest head node to form a cluster. Sensor nodes nearest to the Base-

station, can also directly transmit their data to the Base-station directly. The following 

parameters we have used for our simulation. 

Sr No. Type of operation Utilization of energy 

1 Dissipation of energy to transmit a bit by a transmitter 

node 

ETRAN = 50nJ/bit 

2 Dissipation of energy to receive a bit by a receiving 

node 

EREC = 50nJ/bit 

3 Dissipation of energy to process/aggregates a bit EDA = 5 nJ/bit 

4 If free space model is used in the case d ≤ d0 EFS=10 pJ/bit/m2 

5 If multipath model is used in the case d > d0 EMP=0.0013 pJ/bit/m4 

6 Deployment of total number of sensor nodes 90 Normal nodes + 10 

Advanced nodes = 100 

7 Dimension of WSN Field 100m * 100m 

8 Size of the Frame 4000 Bits 
Table:3.1- Simulation Parameters 

 The simulation of the wireless sensor nodes in the WSN field is shown in the figure 

[Fig:3.5] given below. In the simulation, Base-station is denoted as ×, normal nodes are denoted 

as O, dead nodes are denoted as , and advanced node are denoted as +. Head node (Adv) 

means Advance node is promoted as a head sensing node and Head node (Normal) means a 

normal node is promoted to act as a head sensing node. 

 

Fig: 3.5-Simulation of MSECHP with 100 sensor nodes in 100m * 100m of WSN  
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3.8 Result: 

 Simulation of the proposed protocol is compared with the LEACH and SEP protocols 

and result is shown in the figure [Fig:3.6] given below. We have taken care of, random 

deployment of the sensor nodes (The X and Y coordinates of the sensor nodes) are same for all 

three protocols, and same simulation parameters are used for all protocols. 
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Fig: 3.6-Comparative analysis of SEP, LEACH-C and MSECHP 

 Result of all three simulations are depicted in the graph of Rounds Vs Number of live 

nodes. Comparatively MSECHP protocol facilitate, a greater number of live nodes in each 

round and hence it provides more stability, produces more accurate results in each round, and 

energy-efficient. Simulation is inspected more than 5 times for different randomly deployed 

nodes and it is summarized as in the following table [Table:3.2]. 

Simulation 

Number 

Round in which First node 

dead 

Live nodes after 1200 

rounds 

Live nodes after 1500 

rounds 

LEACH SEP MSECHP LEACH SEP MSECHP LEACH SEP MSECHP 

1 1032 991 1210 74 95 100 21 28 61 

2 1081 1106 1250 73 98 100 23 22 40 

3 1055 1036 1265 73 96 100 20 22 48 

4 1053 1167 1191 73 93 99 21 22 45 

5 996 894 1113 74 94 93 22 24 49 

6 1075 995 1109 73 95 98 23 26 53 

7 1003 896 1099 73 94 97 23 28 59 
Table:3.2-Comparative analysis of first node dead round number, live nodes after 1200 rounds 

and live nodes after 1500 rounds between LEACH-C, SEP and MSECHP 
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 Similarly, how many normal (Nor.), advance (Adv.) and total number of nodes died 

after 1200 rounds and in LEACH, SEP and MSECH protocols are also depicted in the 

following table [Table:3.3]. 

 

Simulation 

Number 

After 1200 rounds number of died nodes 

LEACH SEP MSECHP 

Node type Adv. Nor. Total Nor. Adv. Total Adv. Nor. Total 

1 0 26 26 2 3 5 0 0 0 

2 0 27 27 1 1 2 0 0 0 

3 0 27 27 2 2 4 0 0 0 

4 0 27 27 2 5 7 1 0 1 

5 0 26 26 2 4 6 2 5 7 

6 0 27 27 2 3 5 0 2 2 

7 0 27 27 1 5 6 1 2 3 
 Table:3.3-Comparative analysis of number of dead nodes (advance nodes, normal nodes 

and total) after 1200 rounds between LEACH-C, SEP and MSECHP 

 

After 1500 rounds, the number of normal nodes (Nor.), Advanced nodes (Adv.) and 

Total number of nodes are also recorded in the table [Table:3.4] as given below. 

 

Simulation 

Number 

After 1500 rounds number of died nodes 

LEACH SEP MSECHP 

Node type Adv. Nor. Total Adv. Nor. Total Adv. Nor. Total 

1 0 79 79 5 67 72 6 33 39 

2 0 77 77 5 73 78 7 53 60 

3 0 80 80 5 73 78 7 45 52 

4 0 79 79 7 73 78 4 51 55 

5 0 78 78 6 70 76 3 48 51 

6 0 77 77 6 68 74 4 43 47 

7 0 77 77 5 67 72 6 35 41 
Table:3.4-Comparative analysis of number of dead nodes (advance nodes, normal nodes and 

total) after 1500 rounds between LEACH-C, SEP and MSECHP 

 After studying the simulation results depicted in the tables given above, we can 

conclude that the protocol is more stable as it maintains a greater number of live nodes in each 

round. It also extends the life time of the WSN, as it tries to use less amount of energy by 

optimization of routing. We have also compared our simulation results with HEED, LPCH and 

UDLPCH protocols and confirmed that the MSECHP protocol preforms better, with the 

parameters listed in the table [Table:3.1]. 
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CHAPTER-4 
 

Method of rotating angles for selection of head sensing nodes for 

WSN 

4.1 Introduction: 

By applying virtual grid, geographic field of WSN can be divided into number of small 

regions, and selecting one node from each region to act as a head sensing node to form a cluster 

(in each TDMA round) provides effective and energy-efficient routing method which increases 

stability and network life-time.  Method of rotating angles is the another attempt we made, to 

form clusters in the sensing field to improve life-time of the WSN. 

4.2 Rotating Angle Method: 

 In MSECHP, WSN field has to be assumed as a geographically square region. In fact, 

it is just for clusters creation in the sensing field. In reality, geographically WSN can be of any 

shape and size, but inside that shape a square area can be assumed for WSN field, and that 

square area of WSN can further be divided into number of squares called regions by applying 

virtual grid.  

 Usually when the sensor node is deployed in the field, sensor node is having sensor to 

sense the data from the surrounding. If we keep, sensor at the center and will take sensing range 

of the sensor as a radius, then a circle (disk) is form. The area of the disk is nothing but the 

sensing area of that particular sensor. Similarly, senor node uses radio signals to transmit their 

data, and it is known that, radio signals are propagated in omni direction (it is an attribute of 

radio signals). So, if transceiver of the sensor node is considered as center point and if we draw 

a circle by considering transmission range as radius of that circle then it also forms a circle 

(disk). All other nodes geographically come under this circle can receive the signals. 

 In this method rather than taking a virtual grid, two virtual circles are assumed in the 

WSN field. By choosing appropriate angle, optimal points are considered on both the circles. 

Finally, the nearest nodes from these optimal points are appointed as head sensing nodes. 

Because of the same node cannot be chosen to act as a head sensing node for the next round, 

the angle gets constant variation to change its value. This variation in the angle, facilitate to 

choose other optimal points on the circles and so on. Programmatically, how we set the 

experiment is discussed below in more detail. 
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4.2.1 Virtual Circle Assumption: 

  To define the clusters, assume virtual circles in the WSN field. For example, if we have 

a WSN of size 100m * 100m. Base-station is placed in the center of the WSN field, that is on 

coordinates (50,50).  By considering the center point of WSN as a center point (origin) of the 

circle and with r1 radius make an assumption of a (virtual) circle. Similarly, another virtual 

circle, is assumed with center point of a WSN as an origin point of the circle, and with r2 radius 

in the WSN field. In short, two circles are assumed with radius r1 and r2, with center point 

(origin) of the circle is same as center point of WSN where (r1 < r2). 

 In the following figure [Fig:4.1], WSN of area 100m * 100m is considered. Base-station 

is placed on the center of WSN field, at coordinate point (50,50). By considering coordinate 

point (50,50) as center point two circles of r1=25m and r2=40m radii are considered. Entire 

geographic area of WSN is divided in 4 quadrants. We have limited our explanation for the 

first quadrant only. It is to be assumed that logic we are applying in the first quadrant, same is 

repeated for other three quadrants. In the figure [Fig:4.1] given below, two circles in the first 

quadrants of radii 25m and 40m are shown. 

 

Fig: 4.1- Consideration of virtual circles of radii 25m and 40m of 100 in the 100m * 100m of 

WSN 

4.2.2 Consideration of optimal points: 

 Once the assumptions related to virtual circle is done, optimal points have to be decided 

on each circle. In the first round, first optimal point is assumed on the first circle (circle of 
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radius 25m), at 450 degrees from the origin point, which shown in the following figure 

[Fig:4.2]. 

 

Fig: 4.2- Consideration of first optimal point on the first circle in the first quadrant 

 Now, from the both sides of diagonal-side, at 450 from the first optimal point (optimal 

point of circle with radius 25m), another two optimal points on the second circle (circle of 

radius 40) are selected. Therefore, now there are three optimal points are selected in the first 

quadrant. One optimal point is on the first circle, and two more optimal points on second circle 

as shown in the following figure [Fig:4.3]. 

 

Fig: 4.3- Consideration of two optimal points on the second circle in the first quadrant 
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 The same process is repeated for all four quadrants. One quadrant has three optimal 

points, which implies we have twelve optimal points in entire WSN field. First circle has four 

optimal point (one in each quadrant) and eight optimal points are on second circle (two in each 

quadrant). 

 

4.2.3 Selection of head sensing node: 

Nearest node with each optimal point is promoted as a head sensing node for that 

particular round. Once the head sensing nodes are selected in a particular round, other nodes 

will join the nearest head sensing node to form a cluster. Once the clusters are made, all member 

nodes of the cluster start sensing their data and submit it to their respective head sensing node. 

When all the member sensor nodes submit their data to the head sensing node, it will aggregate 

it and finally transmit the data to the Base-station as a single unit of data on behalf of entire 

cluster. When all the head sensing node submit their data to Base-station, the round will be 

completed.  For the next round, again optimum points will be selected (that has to be different 

from the optimal points selected in the previous round). We cannot use the same optimal points, 

because if we do so, then the same nodes will be appointed as head sensing nodes and other 

nodes never gets a chance to be head sensing node.  

To select different optimal points, in the next round, the initial angle is changed by µ0 

(in the simulation the value of µ = 50 is considered) on the first circle. That means if the optimal 

point on the first circle is at 450 in the existing round, then for the next round, the optimal point 

will be shifted to 500after taking transition of µ = 50. If the angle on the first circle is shifted, 

then two optimal points on the second circle, automatically gets shifted (as they are at 450 on 

both sides of the first optimal point). The process also follows for all four quadrants. If angle 

µ is added, in each round then at one time it becomes 3600. In that case, angle will be reseted 

to 00.  

In every round, new optimal points are decided on the basic of angle rotation and nearest 

nodes to these optimal points are appointed as head sensing nodes for that round. How the 

angle will be shifted, in two conjugative rounds are shown in the following figures [Fig:4.3].  
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Fig: 4.4-Shifting of optimal points by 50 for next round 

 

4.3 Algorithm for method of Rotating angle: 

 The method of rotating angle, to select head sensing nodes for the WSN are working 

in following phases:  

4.3.1 Algorithm to find optimal points on WSN: 

 To implement method of rotating angle first we need to find the optimal points in all 4 

quadrants. To find optimal points in the WSN, following algorithm is used.   

Algorithm: 4.1 

for quad=0:1:3 

   ang1=90*quad+angle+45; %Finding Optimal points on Circle-1 

   ang2=90*quad+angle+45-22.5; 

   ang3=90*quad+angle+45+22.5; 

   if ang1>360 

       ang1=ang1-360; 

   end 

   if ang2>360; 

       ang2=ang2-360; 

   end 

   if ang3>360 

       ang3=ang3-360; 
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   end 

   Opt(quad*3+1).xd=50+rd1*cosd(ang1); %Finding Optimal points on Circle-2 

   Opt(quad*3+1).yd=50+rd1*sind(ang1); 

   Opt(quad*3+2).xd=50+rd2*cosd(ang2); 

   Opt(quad*3+2).yd=50+rd2*sind(ang2); 

   Opt(quad*3+3).xd=50+rd2*cosd(ang3); 

   Opt(quad*3+3).yd=50+rd2*sind(ang3);  

end 

  

In the algorithm variable quad is used for quadrants. There are four quadrants are there, 

so the loop of variable quad is running for four times. In each iteration of the loop of quad 

variable, we are computing three optimal points (As in every quadrant three optimal points are 

there, one optimal point on circle-1 and two optimal points are on circle-2). For three optimal 

points, computation of its x-coordinate and y-coordinate are performed using cos() and sin() 

functions. Variable angle is introduced in the algorithm to give transition to the angle. When 

the value of the angle variable is 0 then it takes 450 of angle on the circle-1 in the first quadrant. 

If the value of angle variable is set to 50, then in the second round, optimal point is created at 

angle 500 in the first quadrant. Optimal points of circle-2 are computed on the basis of, optimal 

point of circle-1. If the optimal point of circle-1 is shifted to 50 then automatically two optimal 

points of circle-2 will be shifted in the same direction of first optimal point. 

4.3.2 Computing distances from all optimal points: 

 To appoint the head sensing nodes, first we have computed the distance of each sensor 

nodes from all the optimal points. Initially OptDist data member of each sensor node is 

initialized with the longest possible distance, that is the diagonal distance of the WSN. Then 

we are computing the distance of that node from each optimal point. Once we get any optimal 

point having smaller distance than the OptDist, then we are replacing OptDist with the smaller 

distance, and that optimal point number has to be recorded in the OptPoint data member of the 

sensor node. The following algorithm describes the mechanism to find the smallest distance 

from all optimal points for each live sensor nodes. 
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Algorithm: 4.2 

for i=0:1:100 

 SN1(i).OptDist=sqrt(2)*10;  % Diagonal distance of WSN 

 for j=1:1:12 

      dist= sqrt( (SN1(i).xd – Opt(j).xd )^2 + (SN(i).yd – Opt(j).yd) ^2 ); 

      if ( dist < SN1(i).OptDist && SN1(i).E > 0) 

 SN1(i).OptDist = dist; 

 SN1(i).OptPoint=j; 

     end 

end 

end  

 

4.3.3 Selecting Head sensing node for the cluster: 

Once the smaller distanced optimal point, and distance from that optimal point is 

computed and stored then in the next phase we need to find the nearest node from each optimal 

point and promote that node to be a head sensing node. The following algorithm is used to 

appoint head sensing node for the particular round in the WSN field. 

Algorithm: 4.3 

for j=1:1:12 

 Bool_logic = false 

 for i=1:1:100 

  if (Bool_logic == false)   

                                       if ( SN1(i).OptPoint == j &&  SN1(i).E > 0) 

    Cluster(j).HeadNode =i; 

    Cluster(j).xd = SN1(i).xd; 

    Cluster(j).yd = SN1(i).yd; 

    Cluster(j).BS_dist =SN1(i).BS_dist; 

    Cluster(j).OptDist = SN1(i).OptDist; 

    SN1(i).HeadNode= ‘Y’; 
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    Bool_logic = true; 

   end 

    else 

                                      if ( SN1(i).OptPoint == j &&  SN1(i).E > 0  && SN1(i).OptDist < 

Cluster(j).           OptDist ) 

    Cluster(j).HeadNode =i; 

    Cluster(j).xd = SN1(i).xd; 

    Cluster(j).yd = SN1(i).yd; 

    Cluster(j).BS_dist =SN1(i).BS_dist; 

    SN1(i).HeadNode= ‘Y’; 

   end 

  end 

 end 

end 

 

4.3.4 Energy dissipation:  

Once the head nodes are appointed, then all other member sensor nodes find the nearest head 

sensing node from it and it join itself as member sensing node. Once all the member nodes join 

its nearest head node, then member nodes and head nodes collectively define clusters for the 

WSN. Once the clusters are formed, then all member node senses their data from the external 

environment and transmit it to its head sensing node. Head of the cluster will then aggregate 

the data and submit it to the Base-station. Here member node, dissipate transmission energy to 

transmit their data to its head (discussed in Algorithm: 3.5). Head sensing node dissipate its 

energy to receive the data from its members, to aggregate the data and finally to transmit its 

cluster’s data to the Base-station (discussed in Algorithm: 3.6).   

4.4 Simulation results for RAM: 

 We have simulated method of rotating angle with 100 sensor nodes, which are deployed 

over a WSN of size 100m * 100m. We have placed a Base-station on the center location of the 

WSN. The locations of the sensor nodes are randomly generated in the MATLAB simulation. 

The following parameters, we have used for our simulation purpose. 
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Sr No. Parameters Value 

1 Energy-Cost to transmit a bit ETRAN = 50nJ/bit 

2 Energy-Cost to receive a bit  EREC = 50nJ/bit 

3 Energy-Cost to process a bit EDA = 5 nJ/bit 

4 If free space model is used in the case d ≤ d0 EFS=10 pJ/bit/m2 

5 If multipath model is used in the case d > d0 EMP=0.0013 pJ/bit/m4 

6 Deployment of total number of sensor nodes 90 Normal nodes + 10 

Advanced nodes = 100 

7 Dimension of WSN Field 100m * 100m 

8 Size of the Frame 4000 Bits 

9 Location of Base-station (50,50) 

10 Difference in the angle between 2 successive rounds µ 

(Constant) 

50 

11 Difference in the radius after 400 rounds 

(Where Radius1 and Radius2 are radiuses (radii) of 

inner and outer circles subsequently) 

Radius1 = Radius1 - δ 

Radius2 = Radius2 + δ 

12 δ variation 3m 
Table:4.1- Simulation Parameters 

 The following figure [Fig:4.5], shows the implementation of “Method of rotating angles 

for selection of head sensing nodes for WSN”. In the MATLAB simulation, Base-station is 

presented as ×, normal wireless sensor nodes are presented as O, advanced wireless sensor 

nodes are presented as +, and dead nodes having lingering energy less than or equal to 0 are 

presented as  . 

 

Fig: 4.5-Simulation of Rotating Angle Method with 100 sensor nodes in 100m * 100m of WSN  
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 The result of our simulation is compared with LEACH-C, SEP, MSECHP as shown in 

the below graphs [Fig:4.5] and [Fig:4.6].  

 

Fig: 4.6- Comparison of Live nodes per round between LEACH, SEP and MSECHP  

 

 

Fig: 4.7- Comparison of Live nodes per round between MSECHP and Rotating Angle Method 

 

 From the above graph we can say that the MSECHP have a greater number of live nodes 

in each round, that indicate that the MSECHP is more stable than LEACH-C and SEP. Method 

of rotating angle produces, significantly improved performance over MSECHP. Comparative 

analysis of the above simulation is given in the Table:4.2. We have run the comparative 

simulation many times. The following Table:4.2 shows the result of first node dead, in 

LEACH-C, SEP, MSECHP and method of rotating angle.  
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Sr. No LEACH-C SEP MSECHP RAM 

1 996 894 1112 1226 

2 1076 1041 1027 1178 

3 1002 897 1096 1208 

4 943 996 1107 1240 

5 939 1002 1116 1288 
Table:4.2-Live nodes comparisons between LEACH-C, SEP, MSECHP and RAM in 5 different 

simulations 

 

 We have also compared the results of our simulations with many other clustering-based 

protocols like UDLPCH and HEED, and find better results. We have also run LEACH-C, SEP, 

MSECHP and RAM protocols together in one simulation, and its resultant plotted graph is 

shown in the following figure [Fig:4.7]. 

 

 

Fig: 4.8- Comparison of Live nodes per round between LEACH, SEP, MSECHP and Rotating 

Angle Method 

 

 

 



 

55 

 

CHAPTER-5 
 

Multi-Hop modeling of MSECHP for energy conservation in 

WSN 

5.1 Introduction: 

An idea of applying virtual grid, to uniformly divide geographical area of WSN, enable 

us to avail head sensing nodes, in every geographic region of WSN. Because in every region, 

head sensing nodes are present, member sensing nodes of that region get their head sensing 

node nearer and therefore, optimize the overall performance of WSN in terms of energy 

efficiency and overall life time. 

5.2 Multi-Hop Modeling: 

 In the previous MSECHP and RAM protocols, after processing (aggregating) data by 

the head sensing nodes, data transmitted to the Base-station directly. Such type of data 

transmission model is called direct transmission-model. Usually, the distance between head 

sensing nodes and Base-station is larger, therefore more energy dissipates by the head sensing 

nodes.  

 Rather than transmitting data, directly to the Base-station by head sensing nodes, if the 

data transmitted via some relay nodes or gateway nodes (nodes comes between Base-station 

and head sensing nodes). Here, the intermediated nodes are act as sensing nodes, plus they also 

help in propagating the data of other head sensing nodes. If the data is transmitted using 

gateway nodes to split and reduce the larger distance into smaller distances is called multi-hop 

modeling. 

5.2.1 Need of Multi-Hop Modeling: 

 In the Radio transmission model of the sensor node, first the transmitter sensor node 

has to transmit the signals and then using built-in amplifier, the signals are amplified so that 

each can reach to its proper recipient. In short, transmitter node has to spent energy cost for 

transmitting as well as amplifying signals, whereas recipient node has to spent energy cost to 

receive the signals transmitted by a transmitter node.  

𝐸𝑇𝑟𝑎𝑛𝑠(𝐾, 𝑑) = 𝐸𝑒𝑙𝑒𝑐 ∗  𝐾 +  𝐸𝐴𝑀(𝑑) ∗ 𝐾 [4.1] 
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Now, equation to compute amplification energy, based of free-space model and multi-path 

model is: 

 𝐸𝐴𝑀(𝑑) =  {
𝜀𝑓𝑠 ∗  𝑑2       𝑖𝑓 𝑑 < 𝑑0

𝜀𝑚𝑝 ∗  𝑑4     𝑖𝑓 𝑑 ≥  𝑑0 
 

[4.2] 

Where, constant d0 can be computed as: 

𝑑0 = √
𝜀𝑓𝑠

𝜀𝑚𝑝
 

[4.3] 

 From the above equations, it is clear that if we want to reduce transmission energy cost 

ETrans(K,d) then we have to reduce amplification energy cost EAM(d), because variable K is the 

size of packet, and that can be reduce only by data compression techniques, and variable Eelec 

is the transmission energy cost, which can be reduce only by hardware modification and 

optimization.  

 If we want to reduce amplification energy cost EAM(d), then we must have to reduce the 

distance between transmitter and recipient sensor nodes, because it directly proportional to 

distance. If then distance is less, less amount of amplification dissipates, and for longer distance 

more amount of amplification energy dissipates. 

 𝐸𝐴𝑀  ∝ 𝑑 [4.4] 

 Now, to reduce the distance, we need to transmit the data from different intermediate 

nodes, comes between transmitter and receiving nodes, rather than transmitting data directly 

from the transmitter to receiver sensor nodes. The idea of transmitting the data using 

intermediate nodes is called a multi-hop transmission. Here, we break down the distance d into 

smaller distance like d1, d2, d3 …. dn. As we know smaller distances reduces amplification 

energy, and hence total transmission energy of a transmitter node.  So, to further enhance the 

performance of WSN in MSECHP, we need to develop, multi-hop transmission model.  

5.3 Hypothesis: 

 Based on the energy consumption-model of wireless sensor nodes, we made the 

following hypothesis: 

1. Total transmission energy consumption of a transmitted node is sum of transmission 

energy and amplification energy. 

2. Amplification energy is in direct proportion of the distance between source and 

destination sensor nodes. 
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3.  If head sensing nodes, used multi-path model, and send its data via some intermediate 

gateway node (rather than direct transmission) to Base-station node, lots of 

amplification energy of the head sensing nodes can be saved. Because the distance of 

the gateway node is much lesser than the distance of Base-station. 

4. If in each round, many sensor nodes save their energy, therefore the life of the sensor 

nodes get increased and hence the lifetime of the WSN is enhanced. 

  5.3.1 Building Multi-Hop model: 

 To build a multi-hop model, after dividing the geographic area of WSN in to equal size 

of square regions by applying virtual grid, we have taken some optimal points. Optimal points 

are taken to appoint gateway nodes. The optimal points, we have considered for our multi-Hop 

model is shown in the following figure. 

 

Fig: 5.1-Optimal point to appoint gateway node in simulation  

5.3.2 Experiment:1  

To evaluate our hypothesis, we have simulated a WSN of size 100m * 100m in 

MATLAB. We have deployed 100 sensor nodes in it, and placed our Base-station at the center 

location, that is (50,50). We have taken grid size 3, that means we have divided WSN area into 

3*3=9 square regions. Because the Base-station is placed in the center region, the distances 

from all the sensor nodes, placed in the center region is less. Therefore, the head sensing node 

of the center region can directly pass its data to the Base-station and it don’t need any gateway 

node. 
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 Head sensing nodes of other eight regions (excluding center region) may far from Base-

station, so to send the data to the Base-station they use gateway nodes. To appoint gateway 

nodes, we have taken eight optimal points that are (33.33,33.33), (33.33,50), (33.33,66.66), 

(50,33.33), (50,66.66), (66.66,33.33), (66.66,50) and (66.66, 66.66) as shown in the figure [Fig: 

5.1] given above. 

 The nearest sensor nodes from the optimal points are appointed as gateway nodes. The 

nearest node of optimal point (33.33, 33.33) will act as a gateway node for the head sensing 

node of the cluster created in the region from (0,0) to (33.33,33.33). The nearest node of 

optimal point (33.33,50) will act as a gateway node for the head sensing node of the cluster 

created in the region of (0,33.33) to (33.33,50) and so on. Now, in each round head sensing 

node of the cluster created in the region (0,0) to (33.33,33.33) will pass its aggregated cluster 

data to the gateway node appointed nearer to the optimal point (33.33,33.33), and then this 

gateway node will transmit the data to the Base-station. 

 So, head sensing node of each cluster (which belongs to particular region), will send 

their aggregated cluster-data to their respective gateway node, and then gateway node will pass 

the data to the Base-station.  The result of simulation is depicted in the following graph of 

Rounds Vs. Number of live nodes. 

 

Fig: 5.2-Comparative analysis of live nodes presents in each round of experiment:1 
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Experiment Result: 

 As far as our hypothesis is concern, if the larger distance is broken down into smaller 

distances, it reduces amplification energy consumption in the sensor node, and hence it reduces 

total transmission energy. We have introduced gateways, so that head sensing nodes do not 

have to transmit their data directly to the Base-station which placed at a longer distance, but 

data from head sensing nodes to Base-station will be propagated through intermediate gateway 

nodes. The result of the simulation presented in the graph [Fig:5.2], contradicts our hypothesis. 

It indicates that the energy consumption is increased in the multi-hop transmission, and hence 

a greater number of nodes dead in each round compare to MSECHP. The following tables 

shows the analysis of our simulation. 

  

Sr. 

No. 

Network size 100m * 100m MSECHP-

Direct 

MSECHP-Multi-

hop 

1 First node dead in the round 1211 1084 

2 After 1200 round number of Live nodes 100 91 

3 After 1500 round number of Live nodes 61 46 

4 Round in Last node died. 1706 2078 

Table:5.1- Analysis of MSECHP-Direct and MSECHP-Multi-hop of Experiment:1 

 

5.3.3 Experiment:2  

 In the previous experimental attempt, contradictory result is found than the hypothesis. 

We have run our simulation many times for different set of data for same size of WSN. In each 

experiment, random coordinates for sensor nodes are generated but we fail to produce optimal, 

and to provide energy-efficient solution, which meet to the hypothesis. 

 In another experiment, we have taken a WSN of size 300m*300m with 300 sensor 

nodes, which are randomly deployed on the field. We have taken the same the same grid size 

that is of 3*3. Each square region of size 100m*100m are considered and eight optimal points 

are taken on (100,100), (100,150), (100,200), (150,100), (150, 200), (200,100), (200,150) and 

(200,200) to select gateway nodes. The simulation and its result plotted on the graph, are shown 

in the following figures [Fig:5.3[A] and Fig:5.3[B]]. 
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Fig: 5.3[A]-Simulation of experiment:2 Fig: 5.3[B]-Comparative analysis of live nodes 

presents in each round of experiment:2 

 

 The resultant graph shows that in the WSN of size 300m*300m, multi-hop model 

optimizes energy efficiency than direct transmission model. More number of live nodes are 

present in the multi-hop model compare to direct transmission model. The following table 

[Table:5.2] shows analysis of our simulation: 

Sr. 

No. 

Network size 300m * 300m MSECHP-

Direct 

MSECHP-Multi-

Hop 

1 First node dead in the round 93 132 

2 After 1200 round number of Live nodes 46 64 

3 After 1700 round number of Live nodes 10 21 

4 Round in Last node died. 2005 2049 

Table:5.2- Analysis of MSECHP-Direct and MSECHP-Multi-hop of Experiment:2 

5.3.4 Conclusion from Experiments: 

 We have simulated different size of WSNs, with same parameters as given below: 

1. WSN of area 100m * 100m with 100 sensor nodes 

2. WSN of area 200m * 200m with 200 sensor nodes 

3. WSN of area 300m * 300m with 300 sensor nodes 

4. WSN of area 400m * 400m with 400 sensor nodes 

5. WSN of area 500m * 500m with 500 sensor nodes 

We have observed that for 100m * 100m and 200m * 200m direct transmission method 

gives optimal performance compare to multi-hop model. But WSN size 300m * 300m, 400m 
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* 400m and 500m * 500m multi-hop model optimizes the energy efficiency compare to direct 

transmission model. 

We have also compared multi-hop model with other protocol like LEACH-C, SEP and 

many other protocols. We found that multi-hop model outperforms all other protocols for 

network size 300m * 300m and more. 

We have also observed that the when we move toward 300m * 300m to 500m * 500m then 

optimization increases. That means, if the geographic area is large enough then multi-hop 

modeling can increase more energy efficiency and lifetime of the WSN network. 

5.3.5 Finding failure cause for smaller network: 

 Even though, we have succeeded to prove our hypothesis for WSN of geographical area 

is more than 300m * 300m and above, we have also tried to find it out answer that why 

hypothesis fails in the WSN of smaller size (i.e., 100m * 100m and 200m * 200m). 

 We have manually computed the energy for direct transmission and multi-hop 

transmission for WSN size 100m * 100m which is shown in the figure [Fig: 5.4] as given 

below. 

 

Fig: 5.4- Plotting distances between CH to GT and GT to BS in the simulation of 100m*100m of 

WSN 

 For the WSN of 100m * 100m let’s assume that head sensing node for some cluster is 

appointed at coordinates (16.7,16.7), its gateway node is appointed at coordinates (38.3,38.3) 
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and Base-station is at (50,50). Now the manual energy consumption in both the models are 

represented in the following table [Table:5.3]. 

Model Position Distance Energy consumption 

Direct-

Transmission 

CH (16.7,16.7) Distance from CH to 

BS 

47.09331163 

Transmission energy 

consumed by CH node: 

0.000200012 

BS (50,50) 

Multi-Hop 

Transmission 

CH (16.7,16.7) Distance from CH to 

GT 

30.54701295 

Transmission energy 

consumed by CH node: 

0.000200005 

GT (38.3, 38.3) Transmission energy 

consumed by GT node: 

0.000200001 

BS (50, 50) Distance from GT to 

BS 

47.09331163 

Receiving energy consumed 

by GT node: 

0.0002 

Total Energy consumption 

0.000600006 

 

 Table:5.3- Computation of energy conservation of MSECHP-Direct and MSECHP-Multi-hop in 

Experiment:1 

  

In the above table, CH is head sensing node of the cluster, GT is gateway node and BS 

is Base-station. From the above data, we can see that in the multi-hop model more energy is 

consumed compare to the direct transmission. 

(𝐸𝑇𝑟𝑎𝑛𝑠(𝐵𝑆) + 𝐸𝐴𝑀(𝐵𝑆𝑡𝑜𝐺𝑇)) + (𝐸𝑅𝑒𝑐(𝐺𝑇) + (𝐸𝑇𝑟𝑎𝑛𝑠(𝐺𝑇) + 𝐸𝐴𝑀(𝐺𝑇𝑡𝑜𝐵𝑆))) >

𝐸𝑇𝑟𝑎𝑛𝑠(𝐶𝐻) + (𝐸𝐴𝑀(𝐶𝐻𝑡𝑜𝐵𝑆)) 

 

[5.1] 

The same type of hypothetical scenario is considered for the WSN of size 300m * 300m, 

which demonstrated in the following figure [Fig:5.5]. 
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Fig: 5.5-Plotting distances between CH to GT and GT to BS in the simulation of 300m*300m of 

WSN 

 In this hypothetical scenario we have assumed that in the WSN of size 300m * 300m, 

head sensing node is placed on coordinates (50,50), Gateway node is placed on coordinates 

(105,105) and Base-station is placed on the center position of WSN that is coordinates 

(150,150). The total energy consumption is computed in the following table [Table:5.4]. 

Model Position Distance Energy consumption 

Direct-

Transmission 

CH (50,50) Distance from CH to 

BS 

141.4213562 

Transmission energy 

consumed by CH node: 

16.0002 

BS (150,150) 

Multi-Hop 

Transmission 

CH (50,50) Distance from CH to 

GT 

77.78174593 

 

Transmission energy 

consumed by CH node: 

0.000200031 

GT (105, 105) Transmission energy 

consumed by GT node: 

0.000200021 

BS (150, 150) Distance from GT to 

BS 

63.63961031 

 

Receiving energy consumed 

by GT node:0.0002 

Total Energy consumption 

0.000600053 

Table:5.4- Computation of energy conservation of MSECHP-Direct and MSECHP-

Multi-hop in Experiment:2 
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 The data represented in the table [Table: 5.4], shows that in multi-hop transmission 

model lots of energy can be saved. The following parameters we have considered for our both 

hypothetical cases to compute energy consumption. 

Sr 

No. 

Type of operation Utilization of energy 

1 Dissipation of energy to transmit a bit by a transmitter node ETRAN = 50nJ/bit 

2 Dissipation of energy to receive a bit by a receiving node EREC = 50nJ/bit 

3 Dissipation of energy to process/aggregates a bit EDA = 5 nJ/bit 

4 If free space model is used in the case d ≤ d0 EFS=10 pJ/bit/m2 

5 If multipath model is used in the case d > d0 EMP=0.0013 pJ/bit/m4 

6 Size of the Frame 4000 Bits 

Table:5.5- Simulation parameters 

5.4 1-Hop theory for manual computation of energy dissipation: 

To understand, exactly at what distance multi-hop transmission is preferable compare to 

direct-transmission model, we have taken a hypothetical example of 1-Hop transmission model 

(where one intermediate node is there between transmitter node and receiving node). Here three 

nodes are considered in a straight line. These nodes are assumed as Node-A, Node-B and Node-

C. The distances of Node-A to Node-B is 10m and Node-B to Node-C is 10m. Obviously, the 

Euclidian distance from Node-A to Node-C becomes 20m. We have manually computed the 

energy dissipation in both the models.  Then we have increased the distances of Node-A to 

Node-B and Node-B to Node-C to 20m. In this case, the distance from Node-A to Node-C 

becomes 40m. and so on.  

 

Fig: 5.6-Hypothetical 1-Hop transmission model 

 

In each case we have manually computed the energy dissipation for each model which are 

depicted in the following tables [Table:5.6 and Table:5.7].  
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Distance 

D in 

meters 

1-Hop Transmission 

Node-A 

Transmission 

Energy 

Node-A 

Amplification 

Energy 

Node-B 

Receiving 

Energy 

Node-B 

Transmission 

Energy 

Node-B 

Amplification 

Energy 

Total Energy 

Consumed by 

WSN 

10 0.0000000500 0.0000000010 0.0000000500 0.0000000500 0.0000000010 0.0000001520 

20 0.0000000500 0.0000000040 0.0000000500 0.0000000500 0.0000000040 0.0000001580 

30 0.0000000500 0.0000000090 0.0000000500 0.0000000500 0.0000000090 0.0000001680 

40 0.0000000500 0.0000000160 0.0000000500 0.0000000500 0.0000000160 0.0000001820 

50 0.0000000500 0.0000000250 0.0000000500 0.0000000500 0.0000000250 0.0000002000 

60 0.0000000500 0.0000000360 0.0000000500 0.0000000500 0.0000000360 0.0000002220 

70 0.0000000500 0.0000000490 0.0000000500 0.0000000500 0.0000000490 0.0000002480 

80 0.0000000500 0.0000000640 0.0000000500 0.0000000500 0.0000000640 0.0000002780 

90 0.0000000500 0.0000000853 0.0000000500 0.0000000500 0.0000000853 0.0000003206 

100 0.0000000500 0.0000001300 0.0000000500 0.0000000500 0.0000001300 0.0000004100 

Table:5.6-Manual computation of energy conservation for 1-Hop transmission model from 

D=10 to D=100 

 

Distance 

D in 

meters 

Direct Transmission Energy 

consumption 

Difference 

EMulti-Hop – 

EDirect 

Node-A  

Transmission 

Energy 

Node-A 

Amplification 

Energy 

Total Energy 

spent by 

Node-A 
 

10 0.0000000500 0.0000000040 0.0000000540 0.0000000980 

20 0.0000000500 0.0000000160 0.0000000660 0.0000000920 

30 0.0000000500 0.0000000360 0.0000000860 0.0000000820 

40 0.0000000500 0.0000000640 0.0000001140 0.0000000680 

50 0.0000000500 0.0000001300 0.0000001800 0.0000000200 

60 0.0000000500 0.0000002696 0.0000003196 -0.0000000976 

70 0.0000000500 0.0000004994 0.0000005494 -0.0000003014 

80 0.0000000500 0.0000008520 0.0000009020 -0.0000006240 

90 0.0000000500 0.0000013647 0.0000014147 -0.0000010941 

100 0.0000000500 0.0000020800 0.0000021300 -0.0000017200 

Table:5.7-Manual computation of energy conservation for direct transmission model from D=10 

to D=100 
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5.5 Conclusion: 

 From the above manually computed data, we come to know that, multi-hop 

transmission, reduces lots of energy if the distance between two nodes are more than 53m. 

Now, d0/53=1.6 ≈ 2. The following points can be concluded on the basis of the data computed 

for 1-Hop transmission model theory.  

1. If the distance between two nodes is < d0/2 then direct transmission saves transmission 

energy cost, whereas multi-hop transmission consumes much energy. 

2. If the distance between two nodes is > d0/2 and < d0/1.6, then both models are suitable. 

Minor change is there in the energy consumption between both models. 

3. If the distance between two nodes is > d0/1.6 then multi-hop model is saving memory 

than direct transmission model. 

4. If the distance > d0, then multi-hop model is most recommended as it saves huge amount 

of energy dissipation than direct transmission model. 
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CHAPTER-6 
 

Multi-Hop Stable and Dynamic Cluster base Energy-Efficient 

Routing Protocol for WSN 

6.1 Introduction: 

Gateway nodes in the WSN allows head sensing nodes to transmit their data via 

gateway nodes in multi-hop transmission model. Multi-hop transmission breaking down the 

long transmission distance into smaller multi-hop distances. As per the transmission model of 

wireless sensor node, energy cost for amplifying the signal is directly proportional to the 

distance. Once the distance is reduced, less amount of energy is used to amplify the signals, 

and hence we can save lots of total transmission energy dissipation can be saved of the 

transmitter node.  

6.2 Need of Multi-Hop Stable and Dynamic Protocol: 

 There are sever reasons to develop a new protocol, even though MSECHP and RAM 

outperform many other clustering-based protocols. These reasons are listed and explained 

below in detail. 

1. Inefficient Gateway approach 

Main idea behind clustering-based protocol is to save energy consumption of 

the sensor nodes.  If all the sensor nodes are autonomous, and they individually sense 

and transmit their data to the Base-station, then they will consume huge amount of 

energy. Usually, the Base-station is far away from the sensor nodes. If individual sensor 

nodes are transmitting their own data to the Base-station, which is placed at a longer 

distance then they tend to drop more energy.  Another reason behind using cluster-

based approach is, there is no reason to transmit the same type of data by multiple 

nodes. It is to be assumed that the geographically nearby sensor nodes sense the same 

type of data from the environment.  

Cluster-based protocols follow TDMA based scheduling. All the cluster 

members can keep their transceiver and sensing unit off. At specific time they make 

their transceiver and sensing unit on. They sense the data and transmit it to the head 

sensing node of the cluster. TDMA scheduling helps the protocol to avoid collision and 

most of the time sensing and transceiver units don’t utilize energy (as they are kept off). 
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Only head sensing node of the cluster has to make their transceiver on, as it has 

to gather the data from the member nodes. 

If gateway nodes are introduced, to facilitate head sensing nodes to transmit 

their data to Base-station using multi-hop model, to save energy, then gateway nodes 

need to keep their transceiver of gateway nodes on forever.  If gateway nodes keep their 

transceiver on, all the time then gateway node will consume more energy and they will 

die soon.  

Therefore, it is advisable that multi-hop transmission has to be committed, 

without appointing any gateway. It is possible if any intermediate head sensing node of 

some another cluster act as a gateway node (relying node).  To reduce energy 

conservation, we need to introduce a protocol which will not appointing any extra 

gateway nodes to facilitate multi-hop transmission, but other head sensing nodes which 

comes between head sensing node and Base-station will server to transport the data. 

 

1. Need of Dynamic Protocol 

If the virtual grid is applied on the WSN field to divide the entire geographical 

area into smaller, equal size of square regions, so that head sensing nodes can be 

distributed uniformly over geographic field of WSN, and that will effectively enhance 

the performance and lifetime of WSN. For the larger size of WSN, we are not be able 

to get consistent performance even after applying virtual grid. 

From the manual computation of energy consumption in 1-Hop transmission 

model, we have come to know that the data has to be transmitted directly if the distance 

between two nodes are lesser than d0/2. But if the distance is more than d0/2 multi-hop 

model save energy consumption. If the distance is more than d0, then multi-hop model 

drastically reduces energy consumption compare to direct transmission model. 

Protocol which directly determines the size of virtual grid from the total 

geographic area of WSN, is most needed to achieve energy efficiency. The same type 

of grid can’t give consistent performance in different size of WSNs. We need to develop 

a protocol, which dynamically determine the grid size so that one head sensing node is 

transmitting the data to another head sensing node (no gateway) in multi-hop 

transmission model, where the distance between two head sensing nodes should not be 

more than d0 and should not be less than d0/2. 
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2. Base-station cannot be assumed at fixed place 

In most of the clustering-based protocol including LEACH, LEACH-C, MH-

LEACH, SEP, HEED and many other protocols, Base-station is assumed at the center 

place of WSN. Even in MSECHP and Rotating angle approach we have placed a Base-

station at center place. In reality it is not always possible that we get center place to be 

feasible to displace Base-station. In several circumstances, it is possible that the Base-

station has to be placed on border area or corner area of WSN. The protocols which 

work on the assumption that Base-station is at the central place of the WSN fails, when 

center place is not suitable to displace Base-station. Protocol which works under any 

position of Base-station is highly recommended.  

 

3. Protocol should support multiple Base-stations 

We have studied, some of the research papers in which researchers have 

insisted to place multiple sink nodes or Base-stations. Usually, the role of the sink node 

or Base-station is to collect the data from various sensor nodes. If we place a Base-

station at any one side (border) of WSN, or in one of the corners of WSN (in the case 

of, placement of Base-station at center location is not feasible) then those sensor nodes 

which are in the opposite side of Base-station or in the opposite diagonal corner of Base-

station, has to transmit the data at longer distance. In the case of direct transmission, 

those nodes which are deployed at opposite side or opposite diagonal corner have to 

spend more amplification energy, as Base-station is very far. Obviously, in this case all 

those sensor nodes die earlier which are deployed at far distance from Base-station. In 

the case of multi-hop transmission, those nodes which are nearer to the Base-station 

will die quickly, as they act as a sensing node or head sensing node for its cluster, as 

well as they act as rely nodes for those clusters which are far away from the Base-

station. 

The solution to this problem is placement of more than one data collector 

nodes. If two or more sink nodes or Base-stations are placed on the different sides or 

corners (if it is feasible) then head sensing node transmit their data to the nearest Base-

station and that will enhance the life-time of the WSN. Protocol which supports multiple 

sinks or Base-stations is preferable for such WSN deployments where multiple Base-

stations are practically feasible. 
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6.3 Proposed protocol: 

 To achieve following goals, we propose a protocol called “MH-SDCE: Multi-Hop 

Stable and Dynamic Cluster based Energy Efficient Protocol for WSN”.  The protocol is 

efficient in computing size of virtual grid, by keeping energy efficiency in to consideration. It 

dynamically decides, direct transmission model or multi-hop transmission model to be used, 

based on the distance between two communicating nodes. It also discovers the shortest path 

from any head sensing node to Base-station in terms of energy efficiency.  Protocol doesn’t 

make any assumption related to the fixed geographic location of Base-station. It allows to place 

Base-station at any place and it compute the routing path dynamically. The proposed protocol 

also supports multiple Base-stations, so if it is feasible to place multiple Base-stations then, 

based on the placement coordinates of the Base-stations, shortest path will be discovered.  

6.3.1 Computation of Virtual Grid: 

 As we have discussed, two allow multi-hop transmission, the minimum distance should 

be d0/2.  Similarly, if the distance of the recipient is more than d0, transmitter node consumes 

much energy in the transmitting of its data. Therefore, we need to construct clusters in such a 

way that, head sensing nodes between two adjacent (left, right, top or bottom) clusters should 

have minimum d0/2 distance, whereas the head sensing nodes between two diagonally adjacent 

cells should have maximum d0 distance. 

To do this, we need to construct virtual grid in such a way that, the horizontal or vertical 

length of the cell should not be less than d0/2 and diagonal length should not be exceeded by 

d0 distance. The following algorithm will compute, the optimum grid size based on the 

consideration of geographic area of entire WSN. 

Algorithm: 6.1 

Grid_n=1 

for i=1:1:10 

 hv_Distance=Xm / i; 

 diagonal_Distance =sqrt(2)*hv_Distance; 

if (hv_Distance > (d0/2) && diagonal_Distance < d0) 

 Grid_n=i; 

  break; 

 end 



Multi-Hop Stable and Dynamic Cluster base Energy-Efficient Routing Protocol for WSN 

 

71 
 

end 

In the algorithm Grid_n is a variable initialized with 1. We are running a loop of 

variable i, till we get the appropriate region size, that is horizontal or vertical distance of the 

region should be greater than d0/2 and diagonal distance of the region should be lesser than d0. 

When we get any value of variable i which satisfy the above conditions then that value of 

variable i, we are assigning to the variable Grid_n. Now, the entire WSN geographic field will 

be divided into Grid_n * Grid_n square regions. 

6.3.2 Computation of Grid-coordinates and Creating Region Matrix: 

 Once the size of optimal grid is determined then, the next step of the protocol is to 

applying that grid on the WSN field and creating various regions. Obviously, there will be 

Grid_n * Grid_n square regions. Finally, we will make a sets of sensor nodes belonging to a 

same region. 

Algorithm: 6.2 

%Computation of Grid Coordinates based on size of the Grid 

Grid_cor(1)=0; 

for i=2:1:Grid_n 

   Grid_cor(i)=(xm/Grid_n)*(i-1);  

end 

Grid_cor(Grid_n+1)=xm; 

%Creating Regions from the Grid Coordinates 

i=1; 

Diag_dist=sqrt((xm/Grid_n)^2+(xm/Grid_n)^2); 

MidPtDist=(Diag_dist/2); 

for j=1:1:Grid_n 

        for k=1:1:Grid_n 

           Region(i).SrNo=i; 

           Region(i).Xd=Grid_cor(j); 

           Region(i).Yd=Grid_cor(k); 

           Xpt=Grid_cor(j)+MidPtDist*cosd(45); 

           Ypt=Grid_cor(k)+MidPtDist*sind(45); 

           Region(i).MidPtXd=Xpt; 
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           Region(i).MidPtYd=Ypt; 

           i=i+1; 

        end 

end  

total_regions=i; 

 Once the size of the grid is computed then based on it, we will compute the coordinates 

of the regions. For example, if the size if the grid (variable Grid_n) is 5 for the WSN of the 

area 300m *300m then the vector of coordinate contains [0, 60, 120, 180, 240, 300]. After the 

coordinate vector is computed then various regions has to created. It is simple, n*n 

permutations of the vector coordinates (where n is the number of elements of coordinate 

vector). For example, first region will be [(0,0), (60,60)], second region will be of [(0,60), (60, 

120)] and so on.  

 After the field of WSN, is divided into number of regions, then the next step is to 

preparing sets of sensor nodes belonging to the same region. 

6.3.3 Preparing sets of sensor nodes for each region: 

  By comparing geographic coordinates of each sensor nodes, with the range coordinates 

of each region, will come to know that particular sensor node is in which region. 

Algorithm: 6.3 

for i=1:1:n 

   for j=1:1:total_regions -1 

      if (S(i).xd>=Region(j).Xd && S(i).xd <=(Region(j).Xd + Diag_dist))  

           if(S(i).yd >=Region(j).Yd && S(i).yd <=(Region(j).Yd + Diag_dist)) 

              S(i).C=j; 

              S(i).CenPt_Dist=sqrt((S(i).xd-Region(j).MidPtXd)^2+(S(i).yd-

Region(j).MidPtYd)^2); 

           end        

      end             

   end               

end 

 In this process, based on the geographic coordinates of sensor node, its corresponding 

region in which the sensor node physically deployed is determined and that region number will 
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be stored as a structure member data of the sensor node. The process is done for each active 

sensor nodes deployed in the WSN field. 

6.3.4 Appointment of Head sensing node: 

 With the idea of dividing entire WSN field, into small, number of square regions, which 

has length is more than d0/2 and the distance between its diagonal points are less than d0.  From 

the set of all nodes, which belongs to the same region, one node will be promoted as head 

sensing node for particular round. Now if the same node is promoted as head sensing node then 

obviously that node will die quickly. To prevent from this phenomenon, protocol rotates the 

responsibility of being head sensor nodes among all the sensor nodes, which belongs to the 

same region.   

 To appoint, a head sensing node in each round for each region, we have taken 9 

optimum points on the region. These 9 optimum points are lower-left, middle-left, top-left, 

lower-center, middle-center, top-center, lower-right, middle-right, and top-right point of the 

region. In any specific round only one point will be activated. From these 9 points which point 

will be activated is based on mod(round_number, 9). If it is 0 then the nearest sensor node for 

each region from its lower-left point becomes head sensing node.  

 For example, in the WSN of size 300m*300m is divided into 5 *5 = 25 regions, then 

length of each region will be 300m/5= 60m and distance between two diagonal point is 84.6m 

(which actually satisfy the condition length > d0/2 and diagonal distance < d0). If the round 

number is 0 than mod(0,9) is 0, and of mod function returns 0 then lower-left point will be 

optimal point. So, for region 1, the optimal point will be on coordinates (0,0), optimal point for 

region2 will be on coordinates (60,0) and optimal point for region6 will be on coordinates 

(0,60) and so on. The nearest, sensor nodes of these points are appointed as head sensing nodes 

for region1, region2 and region6. This will main the integrity between adjacent cells. The 

distance between head sensing nodes of two adjacent cells will be more than d0/2 and the 

distance between two head sensing nodes of diagonally adjacent regions should be less than d0. 

Algorithm: 6.4 [A] 

Finding optimal points from the round number and computing the distance from optimal 

points for each sensor node of the region. 

for i=1:1:total_regions-1 

       Region(i).OpPoint=mod(r,9); 
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       if(mod(r,9)==0) 

           Region(i).OpPointXd=Region(i).Xd; 

           Region(i).OpPointYd=Region(i).Yd; 

       elseif(mod(r,9)==1) 

           Region(i).OpPointXd=Region(i).Xd; 

           Region(i).OpPointYd=Region(i).Yd + (hv_dis/2); 

       elseif(mod(r,9)==2) 

           Region(i).OpPointXd=Region(i).Xd ; 

           Region(i).OpPointYd=Region(i).Yd + hv_dis; 

       elseif(mod(r,9)==3) 

           Region(i).OpPointXd=Region(i).Xd + (hv_dis/2); 

           Region(i).OpPointYd=Region(i).Yd; 

       elseif(mod(r,9)==4) 

           Region(i).OpPointXd=Region(i).Xd + (hv_dis/2); 

           Region(i).OpPointYd=Region(i).Yd + (hv_dis/2); 

       elseif(mod(r,9)==5) 

           Region(i).OpPointXd=Region(i).Xd + (hv_dis/2); 

           Region(i).OpPointYd=Region(i).Yd + hv_dis;  

       elseif(mod(r,9)==6) 

           Region(i).OpPointXd=Region(i).Xd + hv_dis; 

           Region(i).OpPointYd=Region(i).Yd ; 

       elseif(mod(r,9)==7) 

           Region(i).OpPointXd=Region(i).Xd + hv_dis; 

           Region(i).OpPointYd=Region(i).Yd + (hv_dis/2); 

       else 

           Region(i).OpPointXd=Region(i).Xd + hv_dis; 

           Region(i).OpPointYd=Region(i).Yd + hv_dis;  

       end       

   end 

  %Finding distance from its optimal point for every sensor node of the regions 

  for i=1:1:n 

      if(S(i).E > 0) 
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        S(i).OptPtDist=sqrt((S(i).xd - Region(S(i).C).OpPointXd)^2 +  (S(i).yd - 

Region(S(i).C).OpPointYd)^2); 

      end 

  end 

 

Algorithm: 6.4 [B] 

Promoting nearest node from the optimal point as a head sensing node for each region. 

%Finding a node having smallest distance from Optimal point 

  for i=1:1:n 

     S(i).type='N'; 

     if (S(i).E > 0) 

         if (S(i).OptPtDist < Region(S(i).C).OptoCHDist) 

          Region(S(i).C).OptoCHDist=S(i).OptPtDist; 

          Region(S(i).C).CHNode=i; 

          Region(S(i).C).totalEnergy=Region(S(i).C).totalEnergy+S(i).E; 

        end 

     end 

  end 

  for j=1:1:total_regions -1 

       C(j).SrNo=j; 

       C(j).TotalEnergy=Region(j).totalEnergy; 

                C(j).xd=S(Region(j).CHNode).xd; 

                C(j).yd=S(Region(j).CHNode).yd; 

                C(j).HeadNodeID=Region(j).CHNode;           

                S(Region(j).CHNode).type='C'; 

  end 

  

6.3.5 Creating clusters and transmission of members data to its head: 

 The process of forming cluster is very simple. Other nodes except those nodes, which 

are promoted as head sensing nodes, are computing their distances from all those nodes who 

are actually promoted as head sensing node for particular round. Every other sensor node (not 

promoted as head sensing node) will elect or join to that head sensing node, which is nearest 
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from it. Once all the other nodes join to their nearest head nodes then clusters will be formed 

in the WSN field.  After cluster formation, all member nodes are aware to its head sensing node 

of the cluster. By following strict TDMA schedule, all member nodes are sensing the data from 

external environment and submit it to its respective head sensing node of the cluster. 

Algorithm: 6.5 

for i=1:1:n 

       if ( S(i).type =='N' && (S(i).E > 0)) 

         distance=sqrt((S(i).xd - C(S(i).C).xd)^2 +  (S(i).yd - C(S(i).C).yd)^2); 

                if (distance>do) 

                    S(i).E=S(i).E- ( ETX*(4000) + Emp*4000*( 

distance*distance*distance*distance)); 

                    dist_to_CH=distance 

                end 

                if (distance<=do) 

              S(i).E=S(i).E- ( ETX*(4000) + Efs*4000*( distance * distance)); 

                end 

                if S(i).C > 0  

                    S(C(S(i).C).HeadNodeID).E=S(C(S(i).C).HeadNodeID).E-( (ERX + 

EDA)*4000 ); 

                end 

       end 

end 

 

6.3.6 Computation of path-discovery from head nodes to Base-station: 

 Once the data is submitted to the head sensing node, by all the member nodes of the 

cluster then, the next step is to aggregate the data and submit it to the Base-station. Here, first 

it will be checked whether the distance from the head sensing node to Base-station is lesser 

than d0? If yes, then head sensing node is allowed to transmit their aggregated data directly to 

the Base-station (using direct transmission model). If no, then the head sensing node, will 

appoint its gateway node. Gateway node here is nothing but it is a head sensing node of other 

cluster, which comes between it and Base-station. It acts as relying node to provide multi-hop 

transmission. 
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 All the head sensing nodes (except those which have lesser distance than d0 from Base-

station) have its own gateway node which is computed in advance by keeping energy-

optimization into consideration. Once the data of the head sensing node reaches to its gateway 

node (head sensing node of another intermediate cluster), it relays it to its own gateway node, 

as so on. The data propagation will continue, till it reaches to its final destination, that is Base-

station. 

Example:1 

 To understand the process of path-discovery, consider the following hypothetical 

example, where node-A wants to transmit the data to the Base-station. Node-A is the head 

sensing node for its cluster. Node-B, Node-D and Node-E are the head sensing nodes of another 

adjacent clusters. Coordinates of Node-A, Node-E and Node-D are (10,10), (70,10) and (10,70) 

respectively. 

Step:1 

➢ Find all head sensing nodes, which has lesser distance than d0 from Node-A. 

➢ In the example these nodes are Node-E, Node-B, and Node-D. 

➢ Compute the distances of Node-E, Node-B and Node-D from Base-station. 

➢ Here Node-B has a lesser distance 112.8m, whereas Node-E and Node-D is 161.24m far 

from Base-station. 

➢ Node-B is winner in this case, because it has smallest distance from the Base-station so far, 

and Node-A considers Node-B as its gateway node. 

➢ Node-B is a head sensing node, plus its acts as a relaying node for Node-A, as shown in the 

following figure [Fig:6.1-A]. 

 

[Fig:6.1-A] Searching for optimal gateway node for Node-A. 
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Step:2 

➢ After transmitting the data from Node-A to its gateway node Node-B, Node-B has to 

forward this data towards Base-station. 

➢ Node-B is 112.8m far from Base-station, which > d0. Therefore, Node-B can’t transmit its 

data to the Base-station directly. 

➢ The adjacent of Node-B are Node-F, Node-G and Node-C, and their coordinates are 

(130,70), (70, 130), and (130,130) respectively. 

➢ Distances of Node-F, Node-G and Node-C from the Base-station are 82.26m, 82.46m and 

28.28m respectively. 

➢ Here, Node-C will act as a gateway node for Node-B as its distance from the Base-station 

is lesser than other two nodes, and its distance from the Node-B is lesser than d0. 

➢ Node-D on coordinates (10,70), Node-E on coordinates (70,10) and node-H on coordinates 

(130,10) are also adjacent of Node-B. But because of their distances from the Base-station 

is much higher, Node-B will not choose them as a gateway node of it, as shown in the 

following figure [Fig:6.1-B]. 

 

[Fig:6.1-B] Searching for optimal gateway node for Node-B. 

Step:3 

➢ Node-C now then directly transmit this data to the Base-station as its distance 28.28m from 

the Base-station is smaller than d0. 
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➢ So, Final optimal path to transmit the data of Node-A is, Node-A to Node-B to Node-C to 

Base-station, by considering energy efficiency into consideration, as shown in the following 

figure [Fig:6.1-C].  

 

[Fig:6.1-C] Searching for optimal gateway node for Node-C. 

 

Example:2 

 The previous example, data from the head sensing Node-A is routed through Node-B 

and Node-C. Node-A and Node-B are diagonally adjacent nodes. Similarly, Node-B and Node-

C are diagonally adjacent nodes. But it doesn’t mean every time the data is routed through only 

the head sensing nodes of diagonally adjacent clusters.  Consider the following hypothetical 

example, where head sensing Node-A want to transmit its data to the Base-station. The same 

scenario is represented in Example-1, but here the geographic coordinates of the nodes are 

different. We have assumed the source node, that is Node-A is placed on (10,10) coordinates. 

Its adjacent cluster’s head sensing nodes, Node-B, Node-D and Node-E are placed on 

coordinates (80,80), (15,80) and (70,10) respectively. Node-B is a head sensing node of the 

diagonally adjacent cluster. 

Step:1 

➢ The distance from Node-A to Node-B is 98.7m, which greater than d0. 

➢ Node-D, and Node-E are 70.17m and 60m far from Node-A. 
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➢ Here, Node-B cannot be gateway node for Node-A as its distance from Node-A is greater 

than d0. 

➢ From the set of Node-D and Node-E, one node will be appointed as a gateway node. Now, 

which node to be act as a gateway node for Node-A? it is determined by their distances 

from the Base-station. 

➢ Protocol will compute the distances of Node-D and Node-E from Base-station. A node 

having smaller distance will be appointed as gateway node for Node-A, as shown in the 

following figure [Fig:6.2-1]. 

 

 

[Fig:6.2-A] Searching for optimal gateway node for Node-A. 

 

Step:2 

➢ The distances of Node-D and Node-E are 152m and 161.24m respectively from the Base-

station. 

➢ Because of the distance of the Node-D is smaller from the Base-station, Node-D will be 

appointed as gateway node for head sensing Node-A. 

➢ Node-A will transmit its aggregated cluster data to the Node-D. 

➢ Once the data reaches to node-D, protocol will examine, its adjacent head sensing nodes 

and their distances from the Base-station, as shown in the following figure [Fig: 6.2-B]. 
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[Fig:6.2-B] Computing distances from the Base-station for all possible gateway candidate. 

Step:3 

➢ Node-B, Node-L and Node-K are adjacent cluster’s head sensing nodes, and its 

coordinates are (80,80), (70,130) and (5,125) respectively. 

➢ The distances of Node-B, Node-L and Node-K are 65m, 74.3m and 46.09m respectively 

from Node-D. All distances are smaller than d0. 

➢ Distance of Node-B, Node-L and node-K are 98.7m, 82m and 147.13m from the Base-

station. 

➢ Because Node-L is 74.3m far which is less than d0, and having lesser distance from Base-

station, it will act as gateway node for Node-D, as shown in the figure [Fig:6.2-C]. 

 

[Fig:6.2-C] Searching for optimal gateway node for Node-D. 
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Step:4 

➢ Once the data is submitted to Node-L, first will check its distance from the Base-station. 

Here the distance of the Node-L is 82m, which is smaller than the value of d0. 

➢ Therefore, Node-L will transmit the data directly to the Base-station and it will not route 

the data via Node-C. 

➢ In this hypothecal example, aggrigated cluster data of Node-A will be route through 

Node-D and Node-L. So, final path will be:Node-A to Node-D to Node-L to Base-

station, as shown in the figure [Fig:6.2-D]. 

 

 

[Fig:6.2-D] Searching for optimal gateway node for Node-L. 

 

6.4 Geographic Position of Base-station: 

 Proposed protocol doesn’t work on the assumption of any fixed geographic location for 

Base-station. As a result, it allows placement of Base-station at any desired location within the 

WSN. This freedom makes proposed protocol to be a more realistic in the practical 

implementation of it. In the following figures [Fig:6.3, Fig:6.4, and Fig:6.5], Base-station is 

placed on the central location (i.e. (150,150) coordinates), on the left-side (i.e. (0,150) 

coordinates), and on the corner area (i.e. (0,0) coordinates) in the simulation. Number of live 

nodes in each round in each case is plotted on the graph and shown in the figure [Fig:6.3]. 
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[Fig:6.3-A] Simulation of the WSN of size 

300m * 300m with 300 nodes with center 

Base-station. 

[Fig:6.3-B] Result of the simulation plotted in 

the graph of Rounds Vs Number of live nodes 

where Base-station is placed in the center of 

WSN. 

  
[Fig:6.4-A] Simulation of the WSN of size 

300m * 300m with 300 nodes with Base-

station is placed at coordinates (0,150). 

[Fig:6.4-B] Result of the simulation plotted in 

the graph of Rounds Vs Number of live nodes 

where Base-station is placed at coordinates 

(0,150). 

  
[Fig:6.5-A] Simulation of the WSN of size 

300m * 300m with 300 nodes with Base-

station is placed at coordinates (0,0). 

[Fig:6.5-B] Result of the simulation plotted in 

the graph of Rounds Vs Number of live nodes 

where Base-station is placed at coordinates 

(0,0). 
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 Conclusion of the above simulation results are: [1] If we place Base-station at the center 

place on (150,150) coordinates, then average distances from all sensor nodes to Base-station 

minimized, as a result a greater number of live nodes are present in each round of the 

simulation. [2] If we place Base-station at (0,0) coordinates, then average distance from the all 

sensor nodes to bas-station will be highest, as a result lesser number of live nodes are present 

in each round. 

 Above three simulation proves that the protocol allows freedom to place Base-station 

node at any desire place. Based on the location of the Base-station, automatically energy-

optimum routing path is computed by the proposed protocol. Freedom in the placement of the 

Base-station makes proposed protocol to be more realistic in the practical implementation. 

 

6.5 Behavior of the protocol with multiple Base-stations: 

  In some WSNs, more than one Base-stations can be introduced. In this case one Base-

station will act as a master or primary Base-station and other Base-stations will act as slave or 

secondary Base-stations. Preparation of the TDMA schedule for all the live and deployed 

sensor nodes, computing size of grid on the basis of total geographic area covered by a WSN, 

computation of the shortest energy-efficient path, and gathering or collection of sensed data by 

the sensor nodes will be done by primary Base-station. On the other hand, secondary Base-

stations are just act as an additional data collection center. In the case where multiple Base-

stations are presents, sensor node’s data will be routed towards the nearest Base-station.  

Adding more than one Base-stations will reduces the distances from head sensing node to Base-

station. Due to that reason, aggregated sensing data of a cluster will be passed by a smaller 

number of relaying nodes. If the data passes through a smaller number of hops, then it will save 

lots of energy as well as it will reduce the propagation delay. So, in the deployment of WSN, 

if multiple Base-stations are feasible to place and if it is implemented then we can get sensing 

data timely and with lesser energy cost. 

  In the following figure two Base-stations are placed at (0,150) and (300,150) 

coordinates. Those sensor nodes which are deployed between (0,0) to (150,300) coordinates 

diagonally are transmitting their data to the Base-station placed on (0,150) coordinates, 

whereas those sensor nodes which are deployed in the area from (0,150) coordinates to 

(300,300) coordinates diagonally are transmitting their data to the Base-station placed on 

(300,150) coordinates. 
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 [Fig:6.6] Simulation of the WSN of size 300m * 300m with 300 nodes with two Base-

stations are placed at coordinates (0,150) and (0,300). 

In such case data will be passed through less than 3 relay nodes. If number of relay 

stations is reduced, then propagation path will be reduced and if propagation path is shorter 

then less energy consumption will be there and faster delivery of the data becomes possible. 

 To implement multiple Base-stations based architecture, we have considered an array 

which stores number of Base-stations and their locations as follows: 

Algorithm: 6.6 

Cnt_BS=2; 

BS(1).x=0; 

BS(1).y=150; 

BS(2).x=300; 

BS(2).y=150; 

for i=1:1:n 

         distance=sqrt((S(i).xd – BS(1).x)^2 +  (S(i).yd - BS(1).y)^2); 

         S(i).BS=1; 

         S(i).BSDist=distance; 

         for j=1:1:Cnt_BS 

 distance= sqrt((S(i).xd – BS(j).x)^2 +  (S(i).yd - BS(j).y)^2); 

 if ( distance  < S(i).BSDist ) 

  S(i).BS=j;  
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              S(i).BSDist=distance; 

 end 

         end 

end 

 Using the algorithm:6.6 each sensor node computes its distance from each Base-

stations. And that Base-station which is nearest to the head sensing node, will be selected as a 

Base-station for that sensor node. Head sensor node of the cluster always targeting to a nearest 

Base-station to transmit the aggregated data of its cluster.  

 In the figure [Fig:6.6] given above, all sensor nodes which are deployed in the region 

from (0,0) to (150,300) coordinates found that the Base-station located at (0,150) coordinates 

is the nearest Base-station, and therefore they submit their data to Base-station situated at 

(0,150) coordinates. Similarly, all sensor nodes deployed in the region from (150,0) to 

(300,300) coordinates found that the Base-station located at (300,150) coordinates is the 

nearest Base-station, and therefore they submit their data to the Base-station situated at 

(300,150) coordinates.  

 The following figure [Fig:6.8] shows the graph of number of live nodes verses round 

number in which first simulation has single Base-station where another simulation has two 

Base-stations. In the first simulation we have placed a Base-station at (150,150) coordinates 

where as in the second simulation two Base-stations are placed at (0,150) and (300,150) 

coordinates.  

  
[Fig:6.7-A] Simulation of the WSN of size 

300m * 300m with 300 nodes with Base-

station is placed at coordinates (150,150). 

[Fig:6.7-A] Simulation of the WSN of size 300m 

* 300m with 300 nodes with two Base-stations 

are placed at coordinates (0,150) and (300,150). 
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[Fig:6.8] Simulation results of single Base-station Vs two Base-stations 

If we compare the results obtained by simulations with single Base-station and two 

Base-stations then we can determine that the simulation with two Base-stations has a greater 

number of live nodes in its each round. After 3500 rounds, in the simulation where we have 

used only one Base-station has 5 live nodes and 295 dead nodes are there, whereas in the 

simulation where two Base-stations are used 50 nodes are live and 250 nodes are dead. We 

have run the simulation for more than 3 times and every after 500 rounds number of normal, 

advanced and total number of dead nodes are recorded which are as follows: 

Simulation Number 

of Base-

stations 

1 2 3 

After 

Rounds 

Nor. Adv. Total Nor. Adv. Total Nor. Adv. Total 

500 
1 9 0 9 10 0 10 9 0 9 

2 0 0 0 0 0 0 0 0 0 

1000 
1 141 1 142 142 1 143 142 2 144 

2 0 0 0 0 0 0 0 0 0 

1500 
1 215 19 234 216 20 236 216 19 235 

2 1 0 1 0 0 0 1 0 1 

2000 
1 240 42 282 240 44 284 240 44 284 

2 98 0 98 98 0 98 97 0 97 

2500 
1 240 50 290 240 54 294 240 54 294 

2 228 0 228 228 0 228 222 0 222 

3000 
1 240 52 292 240 56 296 240 56 296 

2 240 3 243 240 3 243 235 4 239 

3500 
1 240 55 295 240 59 299 240 60 300 

2 240 10 250 240 8 248 238 9 247 
Table:6.1- Analysis of number of dead nodes in different rounds of single Base-station and two 

Base-stations based architecture 
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 Simulations 1,2 and 3 are performed with different randomly generated positions for 

each sensor node. In each simulation, same set of coordinates of sensor nodes are used to 

evaluate the effect of single Base-station and two Base-stations. For these simulations, we have 

considered a 300m * 300m area of WSN and we have deployed 300 sensor nodes in it. In each 

simulation 20% nodes of total nodes are considered as advanced nodes. In the above table 

[Table:6.1], Nor. represents normal nodes dead in the simulation, Adv. represents number of 

advanced nodes dead in the simulation and Total represent total number of dead nodes in a 

particular round of the simulation. 

 

6.6 Delay: 

 There are two types of delays are there in multi-hop transmission model: [1] 

Propagation delay and [2] Delay incurred by each intermediated hop to receive, store and 

forward the data. Propagation delay is common in both transmission models that are direct 

transmission or multi-hop transmission. As the protocol uses multi-hop transmission model, it 

has to tolerate additional delay occurred at each hop. It is seen that in wireless sensor networks 

delay for single packet is 10 milli second to 20 milli second is reported in several researches. 

In fact, based on several parameters such as hardware, MAC protocol and size of packet it can 

vary. 

6.6.1 Delay in Worst-case scenario: 

 In the WSN of size 300m * 300m, protocol divides the network into 25 regions, using 

grid size 5. In the worst case let us assume that the head sensing node placed in the region 

(250,250) to (300,300) coordinates. Furthermore, assume that the Base-station is placed on the 

coordinates (0,0). In this case the data of the head sensing nodes passed through 4 intermediates 

nodes. If every hop consumes 20 milli seconds to receive, store and forward the data then total 

80 milli seconds of time more required in the case of multi-hop model. Propagation delays are 

approximately same in both the models. Application for which the protocol is designed, usually 

have longer period of interval between two successive rounds. The time interval between two 

successive rounds can be 15 minutes to 60 minutes, or even more than that. If 15 minutes are 

considered, then on 15*60*1000 milli seconds, we spend 80 milli seconds of addition cost 

because of multi-hop modeling, which is around 0.0089%. The amount of delay percentage is 

too small even smallest time interval between round, highest intermediate node delay is 

considered and worst-case topology is considered. 
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 6.6.2 Delay in Average-case scenario: 

 In the same size of WSN (300m * 300m), if Base-station node is paced at (150, 150) 

coordinates then the data will be transferred using maximum 2 hops or minimum 0 hop. If 

average is taken in to consideration, then average delay is applicable of [(0+2)/2] =1 hop. This 

mean on an average transmission will be delayed by 20 milli second. If the smallest amount of 

time interval between two successive rounds are to be considered 15 minutes, then on every 15 

minutes delay of just 20 milli second, that is 0.0083% will be applicable. In both the cases the 

amount of delay is too small even if the smallest time interval is taken into consideration. In 

reality, time interval between two successive rounds is usually more, and this will reduce delay 

even more. Concept of multiple Base-station, can reduces the number of hops and keeps 

propagation path shorter and extensible reduces delay. 
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CHAPTER-7 

Simulation results, Conclusion and Future scope 
 

7.1 Simulation Results: 

 Simulation results of the proposed protocol is compared with many protocols. In all 

comparison same simulation parameters are used. In the following section, comparison of 

simulation results is presented with other recently developed and proposed protocols. 

7.1.1 Comparison with MH-LEACH with different size of WSNs: 

 

Different size of WSNs are simulated with the proposed protocols and its simulation 

results are compared with the other protocols. MH-LEACH is cluster-based protocol, in which 

the data is transmitted from the head sensing node of the cluster to Base-station using multi-

hop transmission model. It outperforms other protocols which uses direct transmission model. 

The simulation of the proposed protocol is compared with MH-LEACH, for different size of 

WSNs. As discussed in the figure [Fig:3.5] and Table:3.2, proposed protocol outperforms 

LEACH-C and SEP protocol for network of 100m * 100m. The simulation results for the WSN 

size 200m * 200m, and its comparison with MH-LEACH are as shown in the figure [Fig:7.1].   

 

 

Fig:7.1 Comparison of the simulation results of MH-LEACH with propose 

protocol for 200m * 200m of WSN with 200 sensor nodes. 
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Simulation MH-LEACH MH-DSCEP 

Advance 

Nodes 

Dead 

Normal 

Nodes 

Dead 

Total 

Live 

Nodes 

Advance 

Nodes 

Dead 

Normal 

Nodes 

Dead 

Total 

Live 

Nodes 

After Round 800 0 17 183 0 36 164 

After Round 1000 0 97 103 0 75 125 

After Round 1200 1 148 51 1 94 105 

After Round 1400 11 159 30 6 119 75 

After Round 1600 18 160 22 8 134 58 

After Round 1800 25 160 15 11 146 43 
 

Table:7.1 Number of live nodes in the simulation of MH-LEACH and MH-DSCEP in 

different rounds for the WSN of size 200m * 200m 

 Simulation results indicates proposed protocol performs well and provides more 

stability as a greater number of lives nodes are there in each round. At the end of the simulation 

there are 43 live nodes are there, whereas only 15 live nodes are there in the MH-LEACH 

protocol. Same coordinates for the sensor nodes are used in both protocols, and each protocol 

shares same parameters. In the simulations 20% nodes are considered as advanced nodes. 

 Comparison of the simulation results between both protocols for the WSN of size 300m 

* 300m is shown in the figure [Fig:7.2]. In the network 300 sensor nodes are deployed and 

from that 20% nodes are advanced nodes and 80% nodes are normal nodes. 

 

 

[Fig:7.2] Comparison of the simulation results of MH-LEACH with propose 

protocol for 300m * 300m of WSN with 300 sensor nodes. 



Simulation results, Conclusion and Future scope 

92 
 

 

Simulation MH-LEACH MH-DSCEP 

Advance 

Nodes 

Dead 

Normal 

Nodes 

Dead 

Total 

Live 

Nodes 

Advance 

Nodes 

Dead 

Normal 

Nodes 

Dead 

Total 

Live 

Nodes 

After Round 800 10 127 173 0 86 214 

After Round 1000 15 193 92 1 133 146 

After Round 1200 26 227 47 3 169 128 

After Round 1400 35 239 26 13 202 85 

 

Table:7.2 Number of live nodes in the simulation of MH-LEACH and MH-DSCEP in 

different rounds for the WSN of size 300m * 300m 

In the simulation first node dead in MH-LEACH, in the round 218 whereas in the case 

of proposed protocol first node dead in the round 372. From the data depicted in the Table:7.2 

and in graph [Figure:7.2], conclusion can be made that the proposed protocol is more stable 

and having greater number of live nodes in its each round. The simulations are again tested 

with network size of 400m * 400m and comparative data of number of live nodes in each round 

is shown in the figure [Fig:7.3]. 

 

 

 

[Fig:7.3] Comparison of the simulation results of MH-LEACH with propose 

protocol for 400m * 400m of WSN with 400 sensor nodes. 
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Simulation MH-LEACH MH-DSCEP 

Advance 

Nodes 

Dead 

Normal 

Nodes 

Dead 

Total 

Live 

Nodes 

Advance 

Nodes 

Dead 

Normal 

Nodes 

Dead 

Total 

Live 

Nodes 

After Round 800 43 239 118 6 135 259 

After Round 1000 56 287 57 17 221 162 

After Round 1200 62 308 30 43 295 62 

After Round 1400 69 319 12 63 308 29 
 

Table:7.3 Number of live nodes in the simulation of MH-LEACH and MH-DSCEP in 

different rounds for the WSN of size 400m * 400m 

 

7.1.2 Comparison with IMHRP protocol: 

  

The simulation results are presented in IMHRP: Improved Multi-Hop Routing Protocol 

for Wireless Sensor Networks is shown in the following figure [Fig:7.4]. In this figure IMHRP 

is compared with LEACH and MHT. 

 

[Fig:7.4] Comparison of the simulation results of LEACH, MHT and IMHRP. 

The proposed protocol is configured with same set or parameter. Its simulation and number 

of live nodes presented in each round are shown in the following figure [Fig:7.5]. 
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[Fig:7.5-A] Simulation of proposed 

protocol with simulation parameters 

used of IMHRP 

[Fig:7.5-B] Simulation result plotted on 

the graph of No of Rounds Vs No of live 

nodes 
 

 In the figure [Fig:7.4], the simulation outcome of IMHRP Protocol is presented, which 

indicate that all the sensor nodes died in 550 rounds. In the figure [Fig:7.5-B] the simulation 

of the proposed protocol is plotted, which indicates that in proposed protocol all sensor nodes 

died in the 1960 rounds. Even though same simulation parameters are used by both protocol, 

proposed protocol provides longest life to the WSN and provide more stability as more 

numbers of live nodes are there in its each round. 

 

7.1.3 Comparison with EE-LEACH protocol: 

  

The result of the protocol is also compared with EE-LEACH protocol. For the WSN of 

size 100m * 100m and with 100 sensor nodes, using same parameters and same coordinates for 

sensor nodes as well as sink nodes, the simulations are conducted and their resultant graph is 

depicted in the following figure [Fig:7.5]. 
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[Fig:7.6] Results of the simulations which compares proposed protocol with EE-LEACH 

of WSN size 100m * 100m with 100 sensor nodes 

 In EE-LEACH Protocol first node dead in the round 581, whereas in the case of 

proposed protocol first node dead in the round 657. After 800 rounds, on regular interval of 

200 rounds, number of live nodes are presented in the following table [Table:7.4]. 

Simulation EE-LEACH MH-DSCEP 

Advance 

Nodes 

Dead 

Normal 

Nodes 

Dead 

Total 

Live 

Nodes 

Advance 

Nodes 

Dead 

Normal 

Nodes 

Dead 

Total 

Live 

Nodes 

After Round 800 0 9 91 0 3 97 

After Round 1000 1 24 75 0 18 82 

After Round 1200 4 44 52 2 37 61 

After Round 1400 7 66 27 3 51 46 

After Round 1600 9 82 9 3 60 37 

After Round 1800 10 89 1 4 63 33 

After Round 2000 10 90 0 5 74 21 

 

Table:7.4 Number of live nodes in the simulation of EE-LEACH and MH-DSCEP in 

different rounds for the WSN of size 100m * 100m. 

 The same simulation is repeated many times with different random coordinates for 

sensor nodes and in each simulation same coordinates are used for both protocols. In every 

simulation, a greater number of live sensor nodes found in the proposed protocol. Which proves 

that the proposed protocol performs better in energy conservation and it is more stable. The 

simulation is also tested for larger network, where 300 sensor nodes are deployed in the WSN 

of area 300m * 300m with 10% advanced nodes. With same coordinates of sensor nodes, same 
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coordinates of Base-station and with same parameters, resultant observations are denoted in 

the following figure [Fig:7.7] and table [Table:7.5]. 

 

 

[Fig:7.7] Results of the simulations which compares proposed protocol with EE-LEACH 

with WSN size 300m * 300m with 300 sensor nodes 

 

Simulation EE-LEACH MH-DSCEP 

Advance 

Nodes 

Dead 

Normal 

Nodes 

Dead 

Total 

Live 

Nodes 

Advance 

Nodes 

Dead 

Normal 

Nodes 

Dead 

Total 

Live 

Nodes 

After Round 800 2 46 252 0 32 268 

After Round 1000 6 146 148 0 100 200 

After Round 1200 10 220 70 1 170 130 

After Round 1400 14 243 43 2 221 77 

After Round 1600 18 267 15 4 242 54 

After Round 1800 30 270 0 4 260 36 

After Round 2000 30 270 0 9 269 22 

 

Table:7.5 Number of live nodes in the simulation of EE-LEACH and MH-DSCEP in 

different rounds for the WSN of size 300m * 300m. 

 The First Node dead in the EE-LEACH Protocol in round 273, whereas in the proposed 

protocol first nodes dead in round 335. After 2000 successive rounds 22 nodes are in function 

(live) in the proposed protocol, where in EE-LEACH protocol in round 1788 all the nodes 



Simulation results, Conclusion and Future scope 

97 
 

drained their battery (dead). Even in each round of the simulation greater number of live nodes 

present in the proposed protocol. 

 Different size of WSNs with different densities of the sensor nodes are simulated and 

tested multiple times with different recent protocols and in most cases, it is to found that 

proposed protocol performs well in terms of providing longer network life-time and stability. 

  

7.2 Conclusion and Future scope: 

 

From the results obtained by different simulations and its comparison, we can conclude 

that the proposed protocol consumes lesser energy and hence it enhances the life-time of the 

WSN. In the case of larger network size, it gives even better performance. The protocol is 

dynamic and it determines the size of the grid its own on the basis of total geographical area of 

WSN. Protocol do not work on the fixed assumptions of the Base-station node. It allows 

freedom to place Base-station at any desire place, it automatically compute energy efficient 

route path towards Base-station. These attractions of the protocol make it more suitable in its 

practical implementation. The presented protocol also supports more than one Base-station 

based WSN architecture. If in practical implementation if it is feasible to place more than one 

Base-station then it reduces lots of energy conservation and increase life-time of WSN 

drastically.  

The performance of the network can be increase by developing new hardware, which 

can send the radio signals produce by transceiver of the sensor with lesser energy or by 

developing new optimized hardware which consumes lesser energy in per bit transmission of 

data. 

Another technique to optimize these protocols is data compression. By compressing the 

data, size of the data packets can be reduced and if a smaller number of bits are transmitted 

then it can save lots of energy. In fact, in this technique processing cost is involved to compress 

and extract the data. It is known that the processing energy is much lesser than transmission 

and receiving energies, overall data compression technique can enhance the performance. 

Solar based sensor nodes can be used to enhance the network life-time of the WSN. In 

this type of architecture battery has to be replaced with rechargeable battery. In fact, this type 

of sensor nodes is not suitable for all applications, but for those applications, which suits this 

type of sensor nodes, it can enhance the performance. Some researchers are already working 

on this technology.  
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In the case of multiple Base-stations, the optimize coordinates of the Base-stations, and 

optimal count of the Base-stations is another interesting research topic. Optimal placement of 

the Base-station, and optimal count of the Base-stations can also improve the performance of 

WSN.    

In this research work, we have focused only on static node, static Base-station type of 

WSN. Which has its own specific applications. There are server other applications are there in 

which sensor nodes are moving from one location to another location, and sometimes Base-

station can be a moving node. In fact, in such applications, energy constraint will not be there. 

In such applications timely arrival of the data is more important. Separate protocols which suit 

to these types of applications can be developed to optimize the performance of WSNs. 
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