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A wireless sensor network (WSN) is a spatially distributed network used to monitor the 

physical and environmental conditions such as temperature, pressure, sound, humidity, heat, 

etc. WSNs can be modeled using different simulation frameworks like OMNeT++, Prowler, 

Atarraya, PiccSIM, Network Simulator, etc. In this research, Simulink framework was used to 

model WSN system. The complete WSN consisting of transmitting nodes, communication 

channel, and receiver nodes are built in the Simulink framework. Orthogonal frequency division 

multiplexing technique was used to transmit the information. The implemented wireless sensor 

system behavior is studied using temperature as the measurement parameter at different 

values of signal to noise ratio. The plots of bit error rate versus signal to noise ratio and frame 

error rate versus signal to noise ratio are generated in the Simulink framework. It is easy to 

study the effect of different physical layer parameters on the performance of wireless sensor 

networks by implementing WSN in the Simulink framework. 
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CHAPTER 1 

INTRODUCTION 

The function of wireless sensor networks (WSNs) [1] is to collect the data through 

spatially distributed sensors and pass it to the sink station. These spatially distributed sensors 

will monitor the physical or environmental conditions. The sensors consist a of transducer, 

processor, transceiver, and power source. The data collected through all spatially distributed 

sensors is passed to the base station. Here in the base station, the data is observed and 

analyzed, then a decision is made depending on the data collected. The data may be related 

to physical or environmental conditions. 

The main advantage of wireless sensor networks is to function in the absence of a 

human. Once the network is installed and tested, the sensor network will function as 

programmed - thus, reducing the labor. For example, the sensor node can detect a change in 

body temperature or blood pressure, and can be injected into the patient. Once the sensor 

detects any changes in temperature or blood pressure, an action is taken based on the 

algorithm. For instance, it may contact a doctor or inform of an emergency. 

Wireless sensor networks have a wide variety of applications [2] in military 

operations, area monitoring, health applications, transportation, environmental sensing, 

industrial monitoring, robot control, and video surveillance. For instance, Wireless Sensor 

Networks are used to monitor the high temperatures in industries. In these areas, it would be 

impossible for humans to measure the temperature of a machine with narrow spaces and a 

very high temperature. The sensors inside the machine detect the temperature or any sudden 

changes in parameters like pressure or humidity, and inform the base station where the 
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particular action is taken. The typical wireless sensor network system used for industrial 

monitoring is shown in figure 1. 

Figure 1: Industrial Monitoring 

1.1 Sensors 

A sensor is a device that will monitor physical or environmental conditions such as heat, light, 

sound, pressure, etc. and convert it into a signal, then process and respond to it. The sensor 

consists of a transducer, processor, transceiver and power source. Generally, the converted 

signal is information related to temperature, pressure, humidity, speed, etc. 

1.2 Characteristics of sensors [3] 

The ideal sensor should meet requirements such as high sensitivity, high resolution, linearity, 

accuracy, reliability, low power consumption, low noise, and low disturbance. 
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1.2.1 High Sensitivity 

Sensitivity is defined as the amount of change in the output for unit change in the 

quantity to be measured or the input. Sensitivity can be understood as slope of the static 

calibration curve at a given value of the measurand. For instance, if the voltage of the 

temperature sensor is changed by 1V for every 1K change in temperature, then the sensitivity 

of the temperature sensor is constant with units V/K.  For the ideal sensor, the sensitivity 

should be high. 

1.2.2 Linearity 

For the ideal sensor, the output of the sensor must change linearly with the measurand. 

There will be a linearity [4] error if the output does not change linearly with the input. The 

linearity error is defined as the deviation of sensor output from a given straight line over the 

desired pressure range. 

1.2.3 Power Consumption 

By limiting the power consumption [5], the lifespan of a WSN can be increased. To limit 

the overall power consumption, low power WSNs only manage the active time of the devices 

and limit the power when the devices are not active. For the ideal sensor, the power 

consumption must be low. These low power sensors are also known as ultra-low power 

wireless sensors. 

1.3 Sensor Usage Statistics 

In recent years, the usage of sensors has increased substantially. From the bar chart, 

we can conclude that the usage of sensors has increased by 900% in past six years. Figure 2 

shows the summary of sensor consumption for the past six years. However, in this figure, only 
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limited types of sensors are considered. Sensors make life easier and we are completely 

dependent on sensors for day-to-day activities. 

Figure 2: World Sensor Usage [6] 

1.4 Sensors Types 

Sensors are classified [7] based on the physical and environmental parameters they 

measure: humidity sensor, temperature sensor, pressure sensor, flow sensor, level sensor, 

proximity sensor, biosensor, gas sensor, image sensor, speed or acceleration sensor, position 

sensor, environment sensor, magnetic switch sensor, etc. 

1.4.1 Temperature Sensor 

A temperature sensor is an important device that consists of a thermistor or resistance 

temperature detector (RTD), that enables a temperature measurement through an electrical 

signal. The change in surrounding temperature triggers the thermistor or RTD which converts 

temperature into electrical energy, and then this energy is processed and transmitted to the 

base station. Here, the thermistor acts as the transducer, which converts the change in 
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temperature into electrical energy. For example, consider a temperature sensor used in a 

smart home, when there is an increase in room temperature, the temperature sensor detects 

the change and turns on the air conditioner. 

Figure 3: Temperature Sensor Application 

1.4.2 Pressure Sensor 

The pressure sensor is a crucial device in day-to-day life. The main function of the 

pressure sensor is to measure the pressure of incoming or outgoing liquid through a pressure 

sensitive element, which is then converted to electrical energy and displayed on the screen. 

This pressure sensor is also used to measure the pressure of gas. For instance, consider a 

weight scale: pressure in the form of force per unit area is applied to the pressure sensor. A 

pressure sensor is equipped with the pressure sensitive element converts the pressure into 

electrical energy. 
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Figure 4: Pressure Sensor Application 

1.4.3 Speed Sensor 

The speed sensor, also known as the tachometer, is used to read the speed of a vehicle 

by observing the vehicle’s wheel rotation. Different types of speed sensors include light 

detection and ranging sensors (LIDAR), linear variable differential transformer sensors (LVDT), 

air speed sensors, speedometers, etc. The purpose of a light detection and ranging sensor is to 

detect the speed of a vehicle using the vehicle’s light at night time. The LVDT sensor measures 

the minute change in the speed or the displacement and converts the sensed movement into 

electrical energy. Consider the example of a speed sensor in a school zone, which can detect 

the speed of a vehicle. If the speed of the vehicle is above the speed limit, the sensor displays 

a warning sign to reduce the speed. 
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Figure 5: Speed Sensor Application 

1.4.4 Biosensor 

The biosensor [8] is a device which converts a sensed biological response into an 

electrical signal. The biosensor consists of two components: bioreceptor and converter. The 

function of the bioreceptor is to recognize the target analyte, and the role of the converter is 

to convert the received information into a measurable signal. Around 30% of the world sensor 

market is in biosensors related to health care [9]. The following bar chart shows investments 

in biosensors. 
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Figure 6: Global Medical Sensor Market Size [10] 

It can be concluded from the above bar chart that the market for biosensors has 

significantly increased in the past six years. These biosensors are portable, reliable, and 

accurate. For example, biosensors are widely used to measure glucose levels in the blood. The 

biosensor is dipped into the patient blood sample (target analyte), and the bioreceptor 

recognizes the glucose level and converts it into an electrical signal. The electrical signal is then 

processed, and the glucose level is displayed. Figure 7 shows a biosensor example. 
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Figure 7: Biosensor application 

1.4.5 Gas or Chemical Sensor 

A gas sensor is a device that detects the gases in an area and converts the sensed signal 

into a measurable signal (electrical signal). The gas sensor detects different gasses including 

oxygen concentration, methane, butane, alcohol, smoke, carbon monoxide, natural gas, coal 

gas, carbon dioxide, air quality, etc. There are two different types of gas detectors: combustible 

and toxic gas. The older gas detectors are used to detect only one type of gas, but newer ones 

are capable of detecting many gases at once. Gas detectors are used for safety purposes. For 

example, the gas detector inside a coal mine detects the level of oxygen and methane gases. 

The oxygen level decreases as one goes deep into the coal mine and the methane level 

increases. Therefore, this gas sensor detects the oxygen and methane levels and converts them 

into the measurable signal. Thus, ensuring the workers’ safety. Figure 8 shows the application 

of a toxic gas detector. 
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Figure 8: Gas Sensor Application 

1.4.6 Proximity Sensor 

The proximity sensor is a device that detects the presence of objects without any form 

of physical contact. This sensor emits constant electromagnetic radiation and observes for any 

change in the field. A deviation in the field is sensed and then converted to a measurable signal. 

Different types of proximity sensors include capacitive, magnetic, ultrasonic, etc. The proximity 

sensor application includes smart homes, automatic doors in buses, mobile devices, etc. 

Consider the example of the proximity sensor used in the smart home: if a person enters into 

the room, the proximity sensor detects the movement and switches on the light. Here, the 

movement detected is converted into the electrical signal. Figure 9 shows this application of a 

proximity sensor. 
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Figure 9: Proximity Sensor Application 

1.5 Thesis Organization 

The performance of wireless sensor networks is studied in Simulink. 

The chapters in this report are organized as follows: 

Chapter 2 is the literature survey which gives the information about all the simulation 

tools available for the wireless sensor networks. It also contains the limitations of sensor 

networks. 

Chapter 3 gives a detailed overview of the networks, the application of the networks, and 

different topologies. 

Chapter 4 concentrates on the Simulink implementation of wireless sensor networks. The 

transmitting, communication channel and receiving parts of the wireless sensor network are 

built in the Simulink environment. The concept of OFDM technology is presented, which is used 

to transmit the sensed information. 

Chapter 5 provides the conclusion and future scope of research. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 History of Wireless Sensor Networks 

Any technology can be understood clearly if its history is known. Wireless sensor 

networks were developed by the United States Military [11] in the 1950s. The main purpose for 

their development was to detect and record Soviet submarines. During the period from the 1960s 

to 1970s, the United States Defense Advanced Research Projects Agency (DARPA) focused on 

developing this area and in 1980, initiated the Distributed Sensor Networks (DSN) program. This 

started the tie-ups with academic institutions including Massachusetts Institute of Technology 

Lincoln Labs and the Carnegie Mellon University, in order to research more about the scope of 

wireless sensor networks in consumer and industrial applications. Then, WSNs began emerging 

and all sectors started to take advantage of them. For example, governments used WSNs for air 

traffic monitoring, natural disaster prevention, etc. In the past two decades, the wireless sensor 

networks have gained a much attention. Now, the applications of Wireless Sensor Networks 

include transportation, industrial applications, precision agriculture, animal tracking, 

environmental monitoring, entertainment, civil structure monitoring, urban terrain tracking, 

security and surveillance, health care, smart buildings, smart grids, and energy control systems. 

2.2 Implementation of WSN 

The main advantages of the wireless sensor networks are low power, highly flexible, easy 

installation, and low maintenance. The main factors to be considered while implementing [12] 

a WSN are as follows. 
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2.2.1 Understanding what Parameters to Measure 

The most basic information that needs to be understood when implementing WSNs is 

what parameters are to be monitored, measured with the wireless sensor network system. 

Consider pressure as the parameter to be measured; we have numerous types of sensors to 

measure the same parameter, namely vacuum sensors, fiber optic sensors, elastic liquid based 

manometer sensors, etc., as well as the environmental conditions in which the parameter is to 

be measured. Hence, the sensor material is chosen based on the environmental conditions. 

Although there are many sensors, selecting the required transducer from many available options 

is important. The other important factor is power [13]. The spatially distributed sensor nodes 

need the power supply to perform their function, but each sensor node cannot be equipped with 

a battery. Hence, another alternative would be renewable resources, like solar power. 

 Finally, we should consider the sampling rate of signals and measuring devices. The ideal 

wireless sensor networks use low sample rates to save power. But this depends on the 

parameter being measure. Take, for example, measuring the vibration of the ground. For this, 

the sampling rate must be high. 

2.2.2 Selecting Protocol 

After knowing all the requirements about the measurements, power and sample rates, 

the wireless protocol should be adopted. Some different types of protocols are Wi-Fi, EDGE, 

ZigBee, Bluetooth, WiMAX, 6LoWPAN, GPRS, etc. Each of these protocols can be differentiated 

in terms of power required, throughput and range of operation, and each comes under two main 

standards, namely IEEE 802.11 and IEEE 802.15.4. IEEE 802.11 includes wireless networking such 



14 

as Wi-Fi protocol, and IEEE 802.15.4 includes wireless sensor networking, namely ZigBee 

protocol. Table 1 shows the typical battery life, bit rate, and range for these two standards 

Table 1: Comparing IEEE Standards 

From the above table, we can observe that the protocols of IEEE 802.11 standard have 

much higher bandwidth compared to the IEEE 802.15.4 standard. However, the power 

consumption and range of protocols related to IEEE 802.11 standards are much worse compared 

to the IEEE 802.15.4 standard protocols such as ZigBee, 6LoWPAN, etc. Hence, we can conclude 

that wireless sensor networks use IEEE 802.15.4 standard protocols so that the battery life of 

sensors will last for years. 

2.2.3 Guaranteeing co-existence with other protocols 

The current radio frequency environment has a wide variety of traffic. So, there is a 

possibility of signal interference and thus measured data becomes unreliable. To prevent this, 

we use a different bandwidth for wireless sensor networks compared to Wi-Fi. Consider the 

2.4GHz ISM band that has 14 channels each with bandwidth 22 MHz, and the space between 

each channel is 5 MHz. From figure 10, it is clear that the Wi-Fi channels overlap. To avoid this 
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overlapping, channels 1, 6, and 11 are used. ZigBee protocol (IEEE 802.15.4) also uses 14 channels 

in 2.4 GHz ISM band but with bandwidth 2 MHz, which is far less than Wi-Fi channels. Figure 10 

shows the IEEE 802.11 and IEEE 802.15.4 channels in 2.4 GHz ISM band. 

Figure 10: IEEE 802.11 and IEEE 802.15.4 Channels in 2.4GHz ISM Band 

As channels 1, 6, and 11 are used for 802.11 standard, the channels 15 and 20 can be used 

for 802.15.4 standard to avoid the overlapping with Wi-Fi channels. If 802.11 devices only use 

channel 11, then one can take advantage of the entire spectrum by using channels 11-20 for 

802.15.4 based wireless sensor network devices. 

2.2.4 Network Topology 

We have already studied the problem of overlapping wireless sensor networks with Wi-

Fi signals. To overcome this problem, we using the bands used by Wi-Fi signals. Other factors that 

affect the reliability of signals are the topology of the network, geographical location of the 

sensor nodes, and other structures. This may interfere with the communication signal and result 

in an unreliable signal. The most important step in implementing a wireless sensor network is 

deciding the location of wireless sensor nodes, switches, and routers. Before deploying the 

wireless sensor, nodes and selecting topology one should inspect the environment with tools 
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that can locate radio frequency hotspots. The sensors can be deployed in different topologies, 

namely star topology, tree topology, and mesh topology. Figure 11 shows the different 

topologies. 

Figure 11: Network Topologies 

For IEEE 802.11 devices, star and tree topologies are used. These systems will not support 

mesh topology. Whereas IEEE 802.15.4 devices will support all the topologies. The advantage of 

mesh topology is addition of sensor reliability. The disadvantage of mesh topology is that it 

increases complexity. 

2.2.5 Choosing Software 

So far, we have discussed the factors like ‘understanding what parameters to measure’, 

‘selecting protocol’, ‘guaranteeing co-existence with other protocols’, ‘network topology’. Now 

we will see the selection of software or simulation framework. The information collected by 

different spatially distributed nodes is converted by the transducer and given to the base or 

control station, where the data is analyzed by the simulator. These simulators also let us access 

the data remotely from spatially distributed sensors. There are numerous simulation frameworks 

for modeling wireless sensor networks such as OMNeT++, MiXiM, Avrora, TOSSIM, NS-2, PiccSim, 
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MATLAB/SIMULINK, SSFNet, SENS, Bonmotion, Prowler, etc. We will discuss all the frameworks 

mentioned so far in the next section. 

2.3 Different Simulation Frameworks [14] 

As we discussed some of the simulation frameworks for wireless sensor networks are 

MATLAB/SIMULINK, OMNeT++, Atarraya, Avrora, OPNET, TOSSIM, NS-2, PiccSim, SENS, Prowler 

etc. Let us examine some of the simulation frameworks 

2.3.1 OMNeT++ 

OMNeT++ [15] is a network simulator and was developed by OpenSim Ltd. OMNeT++ is 

written in C++, hence it is also known as an object-oriented network simulation framework. 

OMNeT++ [16] can be used in various domains, namely modeling of protocols, queueing 

networks, and wireless communication networks. The supporting operating systems for 

OMNeT++ are Linux, MacOS, and Windows. This is non-commercial software used at academic 

institutions. The extended version of OMNeT++ is OMNEST, which is a commercial product 

developed by OpenSim Ltd. This network simulator not contain internet protocol. Figure 12 

shows the graphical user interface of OMNeT++. 
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Figure 12: OMNeT++ GUI [17] 

2.3.2 Prowler 

Prowler [18] is also known as probabilistic wireless network simulator. Prowler is a 

MATLAB based and event driven network simulator. This network simulator is not used widely 

due to its limited functionality and availability. The recent update was released in 2004. The 

installation process for probabilistic wireless network simulator is simple. First, download the 

prowler files and set this folder as a permanent path in MATLAB. Then open the command 

window, type prowler and press enter. This opens the prowler graphical user interface. Figure 12 

shows the prowler GUI. From the GUI, it can be seen that the nodes follow flood 2D routing 

protocol. The other protocols are flood 1D, span tree, route angle and collision demo. Some of 

the features of Prowler include event-driven simulator, deterministic, probabilistic, command 

line (GUI), MATLAB-based, can implement any number of nodes etc. Prowler does not support 

IEEE 802.15.4 standard. Hence, this simulator cannot be used to model wireless sensor networks. 
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Figure 13: Prowler GUI 

2.3.3 Atarraya 

Atarraya [19] is a simulation framework used to test the wireless sensor networks. 

Atarraya is also known as a topology control simulator. This simulation tool can be operated only 

on Windows operating system. From figure 13 we can see the Atarraya graphical user interface. 

This window consists of different menu options namely deployment, transmission control 

protocol, visualization, node stats, report and transmission control theoretical menu. In the 

deployment options menu values like a number of nodes, communication radius, sensing radius, 

deployment visibility area, node location distribution, node energy distribution can be given. In 

the Atarraya menu, transmission control protocol, sensor protocol, data protocol, routing 
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protocol values are given. Coming to the visualization menu, visual options, grid coverage, 

deployment information are given. The different transmission control protocols available are 

simple tree protocol, just tree protocol, KNEIGH protocol, CDS rule K protocol, EECDS protocol, 

A3 coverage protocol etc. The Atarraya is developed in java. Despite all these features, the 

simulator cannot model the wireless sensor network. Figure 13 shows the Atarraya graphical user 

interface. Figure 14 shows all the menus mentioned above. 

Figure 14: Atarraya GUI 

2.3.4 PiccSIM 

PiccSIM [20] is a Platform for integrated communications and control design, simulation, 

implementation, and modeling. The main purpose of the PiccSIM is to create a complete model 

of wireless sensor networks. This simulation framework uses both MATLAB and NS-2. The PiccSIM 
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framework is developed at Aalto University by the Department of Automation and Systems 

Technology. The advantage of PiccSIM is that it is able to analyze the layers of large NCS. After 

modeling the network control system in MATLAB, one can create the C-code for the entire model. 

This code can be used to implement in the sensor, reducing the programming effort. There is no 

recent update on this simulation framework. This framework can be Installed on MATLAB with 

no errors. However, installation on NS-2 encounters an error. Thus, making unavailable to the 

developer. Figure 15 shows the graphical user interface of the PiccSIM simulation framework. 

This figure shows the model of radio event trigger. 

Figure 15: PiccSIM GUI 

2.3.5 Network Simulator 

Network Simulator [21] is an open-source simulation framework. There are three versions 

of Network Simulators [22] till date, namely NS-1, NS-2, and NS-3. NS-3, also known as Network 
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Simulator-3 is one of the most widely used wireless sensor network simulators. This framework 

was released in 2008 and written in C++ language. This simulation framework is designed for 

Linux, FreeBSD, macOS operating systems, but this can be installed on a Windows operating 

system with support software. Configuring using network simulator framework for IEEE 802.15.4 

devices is very complex. The major drawback of this simulator framework is it has no graphical 

user interface. It needs a co-simulation with another framework namely MATLAB. Hence, due to 

this disadvantage, the Network Simulator cannot be used for modeling Wireless Sensor 

Networks. 

2.3.6 OPNET Simulator 

The Optimized Network Engineering Tool is abbreviated as OPNET [23]. OPNET simulation 

framework is used to model and simulate any type of network. OPNET is available for academic 

institutions. This simulator framework works effectively with all the layers of the Open Systems 

Interconnection model namely application layer, presentation layer, session layer, transport 

layer, network layer, data-link layer and physical layer. Unlike the Network Simulator, OPNET has 

graphical user interface making developers easy to model networks. Figure 16 shows the OPNET 

graphical user interface window. 
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Figure 16: OPNET GUI 

2.3.7 MATLAB/Simulink 

MATLAB/Simulink [24] was developed by mathworks and a recent stable release was in 

2015. The Simulink simulation framework was designed for Linux, Windows, macOS operating 

systems. This simulation framework has graphical user interface, unlike Network Simulator. Using 

this simulation framework, it is easy to model, simulate [25] and process the wireless sensor 

networks. Figure 17 shows the Simulink framework graphical user interface. 
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Figure 17: Simulink GUI 

Mathworks provides a numerous number of examples unlike the other simulation 

frameworks, which makes the developer easy to use. We can also generate the code from the 

designed model in this framework. This simulation framework can be easily integrated with other 

frameworks. This research implements the wireless sensor networks in Simulink and studies 

performance. 

2.3.8 Comparison of Frameworks 

One can compare the Network Simulator-2, OMNeT++ and Simulink frameworks in terms 

of the number of bugs during installation and the node size. During installation, one will 

encounter bugs in both Network Simulator and OMNeT++ frameworks. There are no bugs during 
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installation in MATLAB/Simulink framework. The number of nodes that can be implemented in 

Network Simulator and OMNeT++ is limited to 100. Whereas in Simulink there is no limit on 

number of nodes. Hence, these are the couple of reasons to choose Simulink framework for 

modeling wireless sensor networks. Figure 18 shows the comparison of NS-2, OMNeT++ and 

Simulink Frameworks. 

Table 2: Comparison of NS-2, OMNeT++ and Simulink Frameworks 
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CHAPTER 3 

NETWORKS 

A network [26] is a group of two or more intelligent devices connected to share the data 

over a data link. The data may be related to physical and environmental conditions or simply a 

file. The data link may be physical materials like cables, telephone lines or radio waves. The 

application of networks includes all areas namely electrical engineering, computer science, 

biomedical engineering, civil engineering, telecommunications, etc. The networks are classified 

[27] based on the size and purpose. Here the concepts will be examined in further detail. 

3.1 Classification Based on Size 

Based on the size of the network i.e., how much geographical area they cover and the 

number of devices present in the network. This includes local area network (LAN), personal area 

network (PAN), metropolitan area network (MAN) and wide area network (WAN). Now, all 

these networks will be examined based on size and number of devices. 

3.1.1 Personal Area Network (PAN) 

PAN [28], is a computer network arranged within a room or a building. The number of 

computers used in personal area network are typically two or three. The other devices may 

include telephones, fax machine, entertainment devices etc. The other name of personal area 

network (PAN) is home area network (HAN). Consider a home with PAN, the configuration looks 

like, Internet service provider provides a single cable. The cable is then connected to multiple 

devices in home through modem. Then the computers (wired) and mobile phones (wireless) are 

connected to a modem. The advantages of this network are sending files within the home from 
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one device to another, connecting to internet, connecting to printer from mobile, etc. The main 

disadvantage is the network is limited in size. Figure 18 shows the simple PAN. 

Figure 18: Personal Area Network [29] 

3.1.2 Local Area Network (LAN) 

LAN [30], known as local area network, is a small computer network organized around 

Universities, office buildings, etc. The technologies used to transfer the data in LAN are Ethernet 

(wired) and Wi-Fi (wireless). The number of computers or devices ranges from two to thousands 

in the LAN. In LAN, the ethernet communication technology is preferred compared to Wi-Fi. The 

reason is to take the advantage of increased speed. Through LAN one can share data to large 

distance compared to a personal area network, due to the size of LAN. Some of the advantages 

of local area network are high data rate, high speed, low cost, ability to control delays, limited 

distance, limited devices, etc. Figure 19 shows the simple LAN. 

Figure 19: Local Area Network [31] 
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3.1.3 Metropolitan Area Network (MAN) 

MAN [32], is a medium computer network organized across the city. When multiple LAN’s 

are combined, it gives rise to MAN. The metropolitan area network is much larger compared to 

both personal area network and local area network combined, but smaller than wide area 

network (WAN). This network covers the large geographical area ranging from several miles to 

tens of miles. The physical medium used to transmit data is fiber optic cable. This type of network 

mainly concentrates its work on data link layer of OSI model. Another name for metropolitan 

area network is campus area network. Figure 20 shows the model of metropolitan area 

network. 

Figure 20: Metropolitan Area Network [33] 

3.1.4 Wide Area Network (WAN) 

WAN [34] is a large computer network organized across the country or globe, i.e., extends 

over the large geographical area. The wide area network is much bigger than personal area 

network, local area network and metropolitan area network combined. The transmission 

technology used in the wide area networks are radio waves, telephone lines, optic fiber, etc. The 

different types of WANs are a cable modem, digital subscriber line (DSL), leased line, 

synchronous optical networking (SONET), Integrated services digital network (ISDN) etc. These 
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are mostly used networks. Using wide area network, company in United States can communicate 

with client in Canada without any phone through Internet. Figure 21 shows the model of wide 

area network. 

Figure 21: Wide Area Network [35] 

3.2 Classification Based on Purpose 

Unlike networks based on the size, which is used for a general purpose like accessing the 

Internet, transferring files, the purpose based networks are restricted to do only particular 

function designated to it. Some examples of purpose based networks are storage area network 

(SAN) and enterprise private network (EPN), etc. These two purpose based networks are further 

examined. 

3.2.1 Storage Area Network (SAN) 

SAN [36], is a purpose based network used to access the stored data. Large companies 

have huge data, this data is stored in the servers which are maintained at the same location or 

remotely. So, based on the requirement the data is accessed from the servers with the help of 

storage area network (SAN). This network is more flexible in terms of maintenance i.e., once 

installed the cables and the storage devices remain in the same place. The communication 
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between server and disk drive device is carried through small computer system interface protocol 

(SCSI). The topology used by the storage area network is fabric channel topology which uses all 

layers of open systems interconnection model. Figure 22 shows the storage area network 

implemented in a company. 

Figure 22: Storage Area Network [37] 

3.2.2 Enterprise Private Network (EPN) 

EPN [38] is a purpose based network used by companies to connect different sites like 

main office, network access server, client software, and remote location. Thus, the enterprise 

private network is monitored by the single company. In the 1970s, telecommunication 

companies like AT&T [39] used their own network, different from the public, to maintain the 

security of data. Even today, much of government data is maintained through enterprise private 

network. Figure 23 shows an EPN. 
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Figure 23: Enterprise Private Network [40] 

3.3 Network Topologies 

A network topology [41] is a combination in which nodes are connected to PAN, LAN, 

MAN, WAN, SAN, and EPN through the links. Here nodes are computers, sensors, routers, 

switches, etc. The different types of topologies available are namely star, bus, ring, mesh and 

hybrid. The topologies are briefly discussed in the following segment. 

3.3.1 Star Topology 

In star topology [42], all nodes are connected to a single central computer with a point-

to-point connection. The central computer is known as a hub. All the nodes are connected 

indirectly. The communication between two nodes is carried through the central computer (hub). 

Hence the central computer is called single repeater in a star topology. This topology is used to 

build smart power networks. The main advantage of the star topology is very simple in terms of 

implementation and understanding. Additional nodes to this topology can be added. The 

disadvantage of the star topology is if the central computer stops working, the entire network 

fails. Figure 24 shows the star topology. 
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Figure 24: Star Topology with nodes connected to central hub 

3.3.2 Bus Topology 

In bus topology, all the nodes are connected to a single coaxial cable called the central 

cable. The central cable also is known as the backbone. The bus topology uses Ethernet standard 

for communication. The main advantage of Bus Topology is easy to implement and is cost 

effective. Consider one device should transmit information to a destination device. Then a source 

device transmits a packet with recipient physical address on the central cable. The packet travels 

to all nodes until it reaches the destination device. This is the disadvantage of bus topology, that 

it takes more time to process the information. Also, if the central cable is damaged then total 

connectivity is lost. Figure 25 shows the bus topology. 

Figure 25: Bus Topology with terminators 
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3.3.3 Ring Topology 

Looping the bus topology gives the ring topology. The terminals in bus topology are 

connected in the ring topology. When one node sends the information to another node, the 

information transmits through all the nodes until it reaches the destination node. Here each node 

amplifies the signal to keep the signal strong. The ring topology uses IEEE 802.5 standard for 

communication. Unlike bus topology, the ring topology is independent of the number of nodes. 

Thus, the performance of ring topology is better than bus topology. The disadvantage of ring 

topology is if one node fails then entire network becomes unusable. Figure 26 shows the ring 

topology. 

Figure 26: Ring Topology 

3.3.4 Mesh Topology 

In mesh topology either all the nodes are connected to each other, called full mesh 

topology or some of the nodes are connected to all other nodes, called partial mesh topology. 

This topology is expensive to implement compared to all other topologies. The main advantage 

of mesh topology is if one node fails, the entire network is not affected, unlike ring topology. The 

disadvantage of mesh topology is it needs more cables and is complex to understand. Figure 27 

shows full mesh topology and partial mesh topology. 
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Figure 27: Full Mesh Topology and Partial Mesh Topology 
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CHAPTER 4 

SIMULATION 

A wireless sensor network (WSN) is implemented and its performance is studied using 

MATLAB/Simulink. The Simulink framework is it is easy to install, has no nodes limitation, and is 

a very advanced tool. It has a graphical user interface, unlike a network simulator; hence, easy 

for developers. The parameters like the signal to noise ratio, bit error rate of the sensed signal, 

and the received signal will be examined. To transmit the information from sensor to the receiver, 

orthogonal frequency division multiplexing (OFDM) scheme will be used. In the later section, the 

types of sensors and wireless sensor network architecture will be studied in detail. Rather than 

manufacturing the wireless sensor network modules directly in the production unit, 

implementing wireless sensor network in simulation framework is more cost effective. This will 

ensure there are no issues with the network modules in the simulation framework and pass 

sensors on to the production unit. 

4.1 Block Diagram 

The block diagram in figure 28 shows the outline of wireless sensor network 

implementation in Simulink. The first block is sensing, where the required signal is detected. Then 

the sensed signal is given to processing and finally, the now processed signal is passed to 

communication technology where the signal is transmitted using the selected communication 

scheme. The transmission between every section is carried through an additive white Gaussian 

noise (AWGN) channel. 
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Figure 28: Block Diagram of Wireless Sensor Network 

Here the communication technology used is orthogonal frequency division multiplexing 

(OFDM) technique. Figure 29 shows the architecture of the implemented wireless sensor 

network. Simulink provides a predefined block for almost every component in the architecture. 

The sensed signal through edge sensor and aggregate sensor is transmitted to the sink block 

through an additive white Gaussian noise channel. In the sink block the signal is processed, 

communication technique is applied and the output can be observed through oscilloscope 

available in the MATLAB/Simulink. 

Figure 29: Architecture of Wireless Sensor Network 

4.2 Block Description 

In this section, all the blocks are studied in detail, namely edge sensor block, aggregation 

sensor block, channel, and sink. The architectural components of this wireless sensor network 

are edge sensor, aggregation sensor, channel, and sink. The edge sensor consists of two blocks: 
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acquisition data generator and sensor transmission block. Again, the sensor transmission block 

consists of three components: RS encoder block, bitstream to QAM block, and the OFDM 

modulator. The aggregation sensor consists of four blocks: acquisition data generator, sensor 

receiver block, sensor transmitter block, and sensor processing block. Finally, the sink consists of 

three blocks: RS decoder, QAM to bitstream, and OFDM demodulator. 

4.2.1 Sensor Node 

There are three types of nodes, namely edge node, aggregation node, and core node. 

Edge node transmits the sensed signal to the next block. Aggregation node sums up its own 

sensed signal with the previously received signal, then transmits it to the next block. Finally, core 

node has advanced functionality of aggregating many node data. Edge node and aggregation 

node are used for sensing data. The sensor node has two blocks. The function of the blocks is 

quantization, encoding, multiplexing and modulating. Figure 30 shows the sensor node diagram. 

Figure 30: Sensor Node 

4.2.1.1 Data Acquisition 

Data acquisition (DAQ) is a process in which the required measurements, like physical or 

environmental conditions, are measured. Then the signal is filtered and converted to a digital 

signal for the computer can read. This conversion is performed by an analog to digital converter. 



38 

There are two types of converter: analog to digital converter (ADC) and digital to analog 

converter (DAC). ADC is used to digitize the measured signal. This data acquisition acts as the 

interface between the real world and the processing unit. The sensed signal is usually weak, so it 

needs to be conditioned before converting into the digital signal. Next comes the signal 

conditioning which is included in the data acquisition block. In figure 31 the data acquisition block 

shows the ADC quantizer. 

Figure 31: Data Acquisition 

Almost all the signals we deal with are analog signals. These sensed signals are converted 

into digital signals by an ADC quantizer. The ADC quantizer consists of the sampler, quantizer, 

and coder. Here each stage is studied in detail. As the sensed signal is analog, i.e., continuous 

both in time and amplitude, sampling converts the signal into discrete signal, i.e., discrete in time 

and continuous in amplitude. Next the sampled analog signal needs to be quantized. By 

quantizing, the discrete signal (discrete in time and continuous in amplitude) is converted to a 

digital signal which is discrete in both time and amplitude. Following the quantized discrete signal 

is converted to binary values using the coder. 

All these steps are performed in the ADC quantizer. Figure 32 shows the quantization 

process in detail. 
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Figure 32: Block Diagram of DAQ 

From the figure, it can be seen that the function of the quantizer is converting the discrete 

time signals into digital signals. 

4.2.2 Transmitting Sensed Signal 

The output of the DAQ needs to be transmitted to the next block. In the transmission 

block [43], the signal is encoded and then modulation techniques are applied before transmitting 

the signal. 

Figure 33: Transmitter Block 

4.2.2.1 Reed-Solomon Encoder 

Reed-Solomon Codes (RS encoder) [44] were introduced by Irving S. Reed and Gustave 

Solomon in 1960, and the RS encoder is first stage in transmitting. Firstly, the output of the sensed 

signal is given to the RS encoder block. The application of RS encoder includes consumer, data 

transmission, broadcast systems, and storage systems. The RS encoder is used to detect and 
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correct errors in the symbols. n check symbols are added to the data, to detect n number of 

errors in the data and correct half of the check symbols. Figure 34 shows the Reed-Solomon 

encoder. This is a predefined block available in the MATLAB/Simulink, which is ready to use. This 

RS encoder is also known as erasure code. Hence, it can correct n erasures. 

Figure 34: Reed-Solomon Encoder 

4.2.2.2 Quadrature Amplitude Modulation 

The quadrature amplitude modulation (QAM) [45] is a broadly used modulation scheme 

in today’s wireless world. The transmission of data bits between transmitter and receiver can be 

achieved effectively without any data loss through this modulation scheme. In QAM [46], there 

are two similar frequency carriers which differ in phase by 90 degrees, thus, the name 

quadrature. The two carriers are called I and Q signals. These two signals are represented as sine 

and cosine waves. This scheme conveys a message by representing the two digital signals through 

varying amplitudes of the carrier signals [47]. At the transmission side, these two modulated 

signals are combined and at the receiver, these two modulated carriers are separated. 
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Figure 35: Block Diagram of Quadrature Amplitude Modulation 

This is both an analog and a digital modulation scheme. Consider three modulation 

schemes, namely BPSK, QPSK, and QAM. Using BPSK, limited information is transmitted by the 

carrier. The phase of the carrier is shifted by 180 degrees to represent 1 and 0. This modulation 

scheme is used in IEEE 802.11 when the signal strength is weak. The capacity is increased in QPSK; 

two bits are transmitted at once through the carrier. The phase of the carrier is shifted by 90 

degrees to represent 00, 01, 11, and 10. The information capacity is further increased in QAM 

[48] by changing both the phase by 90 degrees and the amplitude. Thus, we have a 4-bit symbol 

(16 symbols). Hence this modulation scheme is also called 16 QAM. The signals are represented 

on the X and Y graph whereas the bit symbols are represented on the constellation diagram. 

Figures 36 and 37 shows the constellation diagrams of both binary phase shift keying (BPSK) and 

quadrature phase shift keying (QPSK). 

Figure 36: Binary Phase Shift Keying 
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Figure 37: Quadrature Phase Shift Keying [49] 

The 16 QAM has 16 different signals, all varying in both phase and amplitude. Hence, only 

a constellation diagram of QAM will be seen instead of all the signals. Figure 38 shows the 

constellation diagram of QAM. 

Figure 38: QAM Constellation [50] 
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4.2.2.3 Orthogonal Frequency Division Multiplexing 

Like QAM, orthogonal frequency division multiplexing (OFDM) [51] is also a modulation 

scheme used in most of the wireless standards. This scheme is used for IEEE 802.11 standard. 

The main advantages of OFDM [52] are high spectrum efficiency, immunity to selective fading, 

resiliency to narrow band effects, etc. Figure 39 shows the diagram of orthogonal frequency 

division multiplexing. The signal is transmitted to the receiver through an AWGN channel. 

Figure 39: OFDM 

4.2.3 Channel 

In Information theory, the most widely used channel is the additive white Gaussian noise 

channel [53]. This channel is used to reduce the random noises that occur in the real world by 

adding the white Gaussian noise to the input signal. The noise is additive, white and has Gaussian 

distribution. The additive indicates that the received signal is the sum of the transmitted signal 

and the noise [54]. The white refers to the power spectral density. Finally, the noise samples have 
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the distribution of Gaussian. Figure 40 shows the block diagram of the additive white Gaussian 

noise channel. 

Figure 40: Block Diagram of the Additive White Gaussian Noise 

4.2.4 Receiver 

The transmitted signal is received at the receiver. As shown in the figure 41, the receiver 

consists of an RS decoder, QAM to bitstream and OFDM demodulator. 

Figure 41: Block Diagram of the Receiver 

Here the received signal is decoded and transmitted to the next block where it is 

converted to bitstream and then passed to the orthogonal frequency division multiplexer 

demodulator. Finally, the signal is amplified to increase the signal strength. Figures 42, 43 and 44 

show the block diagrams of the RS decoder, QAM to bitstream and the OFDM demodulator. 
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Figure 42: Block Diagram of the RS Decoder 

Figure 43: Block Diagram of QAM to bitstream 

Figure 44: Block Diagram of the OFDM Demodulator 
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CHAPTER 5 

RESULTS AND CONCLUSION 

5.1 MATLAB CODE 

clear vars 
close all 
clc 
%% Inputs for Simulink Framework 
N=255; % RS Code word 
K=239; % RS Data word 
messagelength=100; %Frame size 
%% Inputs 
%=========================================================================% 
T=35; % The machine temperature to be measured 
%=========================================================================% 
SNR=15; % the signal to noise ratio in every channel 
LOSS=30; % The free space loss in dB in every channel 
%=========================================================================% 

5.2 Results 

The wireless sensor network is implemented in the Simulink and the behavior is 

studied. The implemented system has successfully sensed the temperature measurements at 

15dB with no errors. The outputs are shown below 
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Figure 45: The received signal output at SNR=15 dB 

Figure 46: The received signal output at SNR=12 dB 
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Figure 47: The received signal output at SNR=10 dB 

Figure 48: The BER at different SNR values 
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Figure 49: The FER at different SNR values 

Figure 50: Received signals at 15 dB with average rate of interference of 6 
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Figure 51: Received signals at 15 dB with average rate of interference of 25 

Figure 52: Received signals at 10 dB with average rate of interference of 6 

Figure 53: Received signals at 10 dB with average rate of interference of 25 
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5.3 Conclusion and Future Scope 

The implemented wireless sensor system behavior is studied using temperature as the 

measurement parameter at different values of SNR. The plots of bit error rate versus signal to 

noise ratio and frame error rate versus signal to noise ratio shows that as the SNR of the signal 

increases the error rate is decreased. Thus, we can conclude the results are acceptable. 

The hardware model of implemented wireless sensor network can be developed in the 

future. Before developing the hardware model, one should simulate the WSN in any simulation 

framework to make sure there are no errors. In this thesis, Simulink framework was used. 

Because it is easy to install and has no node limit. 
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