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ABSTRACT/SYNPOSIS
This paper is conducted for research purposes the author has worked to his best ability to perform a successful research. This research paper is based on Internet of Things and Wireless Sensor Networks. The researcher ensures that an in-depth study of the background knowledge of the technology is understood. This paper consists of two practical smart environment experiments, the two different types of experiment taken in action are a real life utilisation of a smart classroom and a smart car park built on a simulation tool. The authors expected outcome of this project is to help students and staff members within higher educational field to help improve their performance and academic enhancement to achieve a higher academic goal. The author ensures the integrity of this paper and implies research methodology in to the to avoid producing an un-ethical report and documentation, the research methodology is also used within the project to help assist and support the understanding and approaches that require to be taken in to consideration for the best outcome. The author ensures that experiments produced with the research project are correctly tested to check the integrity of the experiment and to understand if the experiments were a success.
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Chapter 1 - Project overview
1.1 Introduction 
In the European Union, buildings have been approximated to be responsible for 36% of carbon dioxide emissions, and 40% of energy consumption  [1]. Technology has become an essential part of mitigating climate change by increasing the sustainability and energy security of university campuses[2]. This research topic was chosen to substantiate the utilisation of a more novel and intelligent educational system for the University of Wales Trinity Saint David (UWTSD) SA1 Waterfront Innovation Quarters new campus, thereby aiding the proliferation of sustainability at the university campus.
Technology has become an increasingly important factor in our lives. Nowadays, people predominantly utilise intelligent devices such as smartphones to socialise, communicate, manage and organise their daily lives. Conversely to the associated benefits enjoyed with such devices, adverse effects have been observed on student performance as individuals tend to get easily distracted by social media, games and the like etc. [3]. The overall outcome of this project will be to use technology and Internet of Things (IoT) devices to improve learning environments. Technological improvements and IoT device implementation offers a range of beneficial factors which may aid in the optimisation of environmental factors (e.g. air quality, smart devices. etc.) by which student and staff performance could be improved. 
The use of wireless sensors networks [4], [5] will provide the university with Significant monetary savings due to the amount of electricity[6]–[8] they can save by using the IoT sensors in around a university environment with the use of smart lighting. This implies that each area in the university will be monitored by IoT Devices to collect data and generate that information accordingly.

When IoT devices collect the data, they will monitor the data according to the behaviour of the environment this will allow the IoT devices to control objects such as the lighting in an area. Once the data has been collected and generated, it will be able to understand if a controlled area is in operation or not. If the IoT sensors understand that there is no event of movement in a selected area the IoT, devices will send information to the lights in the controlled environment. This information will then be processed to switch off the lights to help save electricity for that environment. In addition, the IoT sensors will be calibrated for the room’s baselines lumen levels so that the lights will not be in use if there is sufficient lighting detected in a specific environment. The IoT light sensor will be adjusted automatically every pre-set default time to make sure that the people present in a room will not need to concern themselves with the lighting of their atmosphere.

Another beneficial factor of an utilising a smart, secure university campus will be the extra implemented network security such as firewalls and encryption[9], [10]. Security is vital for universities[11]–[13] as the university could hold confidential data, such as staff and student personal information, which if not protected could cause the data to be leaked to unwanted third parties.
It is also important to note that if a smart university campus is utilised, the network will require a lot of related research gathering. For it to be built cautiously, planning to ensure redundancy within a system, redundancy provides network availability.

Redundancy is an essential part of a large network, as the number of end users will vary on a daily basis; this will also affect the different types of network protocols that will be utilised. The university network[14], [15] will also require using the IEEE ZigBee 802.15.4-based specification[16], [17] for a suite of high-level communication protocols. 
1.2 Aim
To implement a secure and smart campus prototype for the University of Wales Trinity Saint David. Located within the new Waterfront Innovation Quarter constructed at SA1 Swansea. 
1.3 Objectives
The objectives of the project are to:

· Improved learning area’s
· Understanding and use of Internet of Things devices
· Research and literature review 

· Learn the different types of simulation package in relation to IoT

· Design a prototype smart campus sensor and actuator network

· Implement in simulation the smart set up, and evaluate important parameters

· Build a small prototype demonstrator for smart campus IoT features

· Identifying the overall project advantages and disadvantages
· Write the work up in good form with appropriate detailed research

· Testing and analysing results
· Final Outcome  
1.4 Structure Of The Project

This project is for university staff and students to enable an easier educational system to let academic staff and students to enjoy and feel more comfortable and relaxed in academic environment. It is shown from scientific research students[18]–[25] could achieve a much higher grade in a more comfortable and relaxing environment. Other surveys taken by members of the public demonstrate that university students prefer studying at their university site or at their local library instead of at home. The information gathered also shows the importance of this project to society as it can mean the student could achieve higher goals and gather more knowledge while in education.
The planning of the project shows the author some of the devices that the university will be required to use will be Voice over Internet Protocol (VOIP) phones, servers, routers, switches, computers, and Wireless Sensor Network (WSN). The purpose of using all the devices is to enable the factor of utilizing a smart and secure university campus for the new SA1 campus in Swansea. The author’s purpose is to utilise a newer and smarter educational system with the use of up to date technology and advanced technology to make students achieve higher grades. 
The technology growth within the educational system requires a higher approach in attention as most educational industries still teach students in an outdated manner, albeit these days there are projectors and computers, this still not substantially sufficient for students to study to their maximum ability and for staff to teach to their maximum ability. The use of technology devices could help improve student grades shown by online research’s; this does not mean as a student has access to a computer and the internet they will have a better grade because it also requires staff still to motivate and monitor student progress.
Chapter One illustrates an overall overview of the aims and objectives of this project; chapter one also shows what the author anticipates expecting from the end result of this project. 
Chapter Two illustrates to the reader the research literature review, which has been completed by the author; moreover, a multitude of different credible sources was reviewed prior to composing an ethical and formal literature review. The sources will be extracted from either the University of Wales Trinity Saint David (UWTSD) Institute of electrical and electronic engineers (IEEE) Xplore digital library database or reliable sources online. 

Chapter Three details the research methodology for the preparation and implementation of a smart, secure university campus for the new SA1 site. This chapter will require careful thinking and organisation as it will involve careful research. This section will also support the authors statement to purse what and why they will approach a research methodology.

Chapter Four reviews the design and implementation of the ongoing project, the review will show what the author will produce and implement in the project and why that they have chosen that path or specific bit. This section will also include the requirements the author will need to implement the project simulation and physical demonstration. 
Chapter Five includes analysis, evaluation and comparison\ of the completed simulation and physical demonstration. The author will gather data and results taken from the simulation and physical demonstration once the information is gathered the author will compare it with the aims and objectives and see if the goals required were met.
Chapter Six includes the final project outcome of what the author has produced. This chapter summarises what the author has produced and how may it be developed for future developments within the same field. This chapter will also provide information on every chapter about relative comments on about the aims and objectives of the project.
Chapter Seven would give a brief description of what the author has completed compared to their aims and objectives mentioned at the beginning of the project (Chapter One). Moreover, focus on the strengths and vulnerabilities of the overall completed project, such as for example were the given criteria achieved and if not, why it was not achieved.

Chapter Eight illustrates a list of IEEE academic references, which the author has gathered throughout the project, all references extracted were either from the UWTSD IEEE database or from reliable sources.    
Chapter 2 - Research & Review of literature
2.1 Introduction

This chapter will be broken up to two parts the first part will involve a brief description of the currently existing technology, the second part of this chapter will involve a brief literature review based on different case studies and compare to the objectives. The information that was gathered shows different types of researchers within the smart technology field such as smart cities and smart homes. This section will also involve how important it may be to have a smarter educational environment, in order to help academic students, enhance their academic performance.
Since technology growth is increasing rapidly, there are currently wide ranges of research in smart environments and devices. There are wide ranges of ongoing projects and planning that are currently being implemented due to the high request demand from society.
A lot of the information that was gathered in this research paper indicates that a smart campus will continuously need to monitor and learn the data of multiple different users. The information will then be processed in order to create the best environment for the surrounding area. The author of this report has taken security highly into consideration, in accordance with the gathered research which shows evidence that proves a breach of security could implement the loss of confidential information. The use of security authentication is an advantage, as no individual using the internet will want to be a victim of a privacy breach by third-party members (hackers).
2.2.1 Existing technology
The author of the paper focuses the studies in order to follow fields closely when implementing the ideas for a smart and secure university campus. The following fields are IoT, WSN, Bluetooth (BT), beacons, security and different types of network protocols. 
2.2.2 Internet of things & Wireless Sensor Networks
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Figure 1 – Internet Of Things - [26]
IoT [11], [27] is responsible for every piece of a growing network of physical devices which is compatible with IP addresses for connectivity to the internet.
Internet of Things’ [28]–[31]physical devices could be vehicles  or any other physical device with items embedded such as electronics with sensors, thermostats or any device appliance which requires internet connectivity. The IoT gives the benefit of the doubt to the project as IoT devices have the capability to transfer data over a network without human interactions which will allow data to be gathered 24 hours a day in order to improve accessibility. 

Wireless sensor networks (WSN)[32]–[34] belongs to a similar field to the Internet of Things. WSN is responsible for sending packets along a network without the need of any wired connection on the wireless devices and processes the information to the IoT servers which will monitor and manage the information for the user.

WSN is known to be used on a large scale network to monitor real-time environments in indoor or outdoor areas, WSN networks, unfortunately, have the disadvantage of range as devices operating with the wireless connection are required to be within a certain range which can change depending on the type of wireless device used.
Wireless Sensor Network is built from a couple of devices to many devices, which are all connected together, all these devices will send their information to their registered gateway, which will hold, and process all the information that has been gathered.  
2.2.3 Bluetooth & beacons
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Figure 2 – Bluetooth - [35]
802.11b Bluetooth technology [36]–[38] is a commonly used a piece of technology. It is similar to the field of wireless technology but unlike wireless Bluetooth uses low energy radio waves which makes it much weaker than wireless technology and would only work up to approximately 100 metre.
Beacon technology is an IEEE (Institute of electrical and electronics engineers) 802.11 technology[39]. 802.11 technology commonly uses Ethernet protocol and CSMA/CA (carrier sense multiple access with collision avoidance) for path sharing.
Beacon and Bluetooth technology[40]–[42] could be used on the project prototype for small area data transmitting and to identify where each physical device is around campus.

2.2.4 Network protocols & security
Current university site’s and campuses all operate within Wi-Fi mesh network throughout the entire university site with access points (AP) being indoor and outdoor within the campus environment to allow access to the internet and network to all members of staff and students.
In the United Kingdom, all academic facilities use the same backbone network, which is the JANET Network (Joint Academic Network) there is also an improved Backbone network known as Super JANET [43]–[46] but is currently not utilised within every academic facility.

Every University institution operates its own security on their devices and network. This means that every type of security protocol and policy at every institution will be different, but the Joint-Academic-Network backbone will always operate within the same security protocol and policy for all the educational institution that they support.  

2.2.5 ZigBee Network

The ZigBee[47]–[50] network is an IEEE 802.15.4[15], [51], [52] protocol for any type of networks that only requires a low-level data transfer rate. The ZigBee network has an advantage in many different environments and scenarios due to the ZigBee network enabling the low use of energy, which allows energy efficiency. The ZigBee network could also provide a more secure network.
The disadvantages of a ZigBee network is that it only operates on a small bandwidth of 1MHz and the wireless range for a ZigBee network is limited to an average of 10-30 metres.
2.3 Related work

2.3.1 Introduction

The author also searches through other case studies to try finding vulnerabilities, disadvantages and advantages. This allows the authors to improve their own project without making it more complicated. While the writer researched many different case studies, this allowed the author to learn various different creative ideas from other researchers and developers. Some of the numerous creative ideas from different researchers are analysed and reviewed for future development of this project. 
2.3.2 Michigan University
The door for the smart cities, or in this case smart campus is the key for Internet of Things (IoT). IoT is a key opening door to facilitate technology joined up system to provide better resources as discussed by Bates O. and Friday A[53] (2013). They also add that it increases efficiency to reduce waste and lower energy use as University of Michigan 5th key theme emerging in their 2015-2020 strategic plan is sustainability as they are developing a smart campus. 
To add, Bates O. and Friday A[53], [54](2013). discussed the system and infrastructure in smart cities have software dedicated to collect raw data and integrated following data sources: 

· Building Management System (BMS): BMS provides control cooling and heating vitalisation, check the temperature in the boiler room, inside and outside the buildings. 

· Energy Monitoring System (EMS): EMS used the sensors to collect data to generate and read data from energy monitoring subsystems and that covers gas, electricity and water flow. 

· Wind Turbine: provides wind direction and speed, blade rotation and speed, power and energy. 

· Campus timetabling and room booking: helps in class timetabling, book all rooms but not offices. 

· Local metrological data: shows the surrounding temperature, relative humidity, wind speed and energy. 

The University of Michigan has taken the benefits of these ‘raw integrated data’ for the system and infrastructure of smart cities and has become a developed programme. They have all the required sensors, systems and infrastructure used for safety, collaboration, between ‘high performing staff will expect world-class facilities’. 

In this research, it focused on developing EMS, since smart cities is a new concept that solves problems generated by energy supply, waste management, and mobility. Calvillo C. et al[53], [54]. takes the view that smart cities have improved new systems it provides new solution approved optimal approaches. They also add, to make stakeholders evaluate the impact of energy-policy alternatives and understand urban dynamics, simulation models were developed to assist them. There is an importance for smart cities model to be manageable and highly desirable to meet the increase of energy needs, that requires five main energy-related activates, known as ‘intervention areas’.  
After the author has conducted, the information followed in Michigan University some proposed field of research was highly motivating for the author’s use of the project. The author had highly focused on the improvements in BMS that has been utilised in Michigan University, which allows the control and monitoring of smart environments which can be implemented with the use of IoT.

2.3.3 Study of Smart Campus Development Using Internet of Things Technology
The research [55]shown by the “study of smart campus development using the Internet of Things technology “suggests the solutions to a smart campus with use of IoT devices. The IoT structure will use the communications platform via Bluetooth technology. 

The Research also suggests that wireless technology such as WSN could be used to aid this project. The paper refers to this term as IoT unit which uses radio frequency and allows the capability to sending and receiving packets via wireless connections.  

The research of the paper also approaches the use of Bluetooth which is explained in their view as a possible alternate of communication connection. The paper conducts basic knowledge of Internet of Things such as Hardware, Software and Cloud services.  

In this paper, the methodology derived for the experiment was discussed, elaborating upon the construction of the prerequisite hardware platform comprising microcontroller boards equipped with sensory modules, and wireless and hardwired connections. Sensory modules utilised include radio frequency identification, passive infrared and infrared sensors, photographic imagery, and acoustic ultrasonic sensors. Sensory information collected was then processed and stored in a could service, which transferred the data to an android application, thereby enabling the providing of relevant spatial information (e.g. carpark vacancy) to users of the system
Although the author of this paper uses wireless technology and suggest that wireless technology is more capable of handling a high amount of data for a smart campus rather than Bluetooth technology. The authors of the research paper “Study of smart campus development using the Internet of Things technology” suggests otherwise.
The author of this paper suggests that wireless technology will be of better use to this project due to research comparison between the two types of communications methods[56], [57] Bluetooth technology and [58]Wireless Sensor Network (WSN). This research shows how much more efficient it would be to use WSN over Bluetooth technology. 
2.3.4 Smart university, a new concept in the Internet of Things

The research [59]shown by the “Smart university, a new concept in Internet of Things “ suggests the solutions to a new smart campus will be with the use of IoT devices and a connected network.
The research suggests that by 2020 there will be an estimate of 38.5 billion IoT connected devices in use. The author of the research paper suggests that IoT sensors could have a huge impact in different environments and areas in a university campus. The author believes some of the improvements for a smart university are in specific categories such as, Environment (Temperature, Light, and Humidity), Security (Door Open/Close, Window Open/Close, Closed Circuit Television (CCTV) and Motion Detection), Safety (Smoke, Fire, Radiation), utilitarian (NFC tags and electrical voltage) and, Information (Barcode, RFID cards and RFID readers). The research shows a very similar design and implementation to the same research project of the author of this paper. 

The research paper “Smart University, a new concept in the Internet of Things” suggests that there can be IoT sensors implemented in to smart classrooms to analyse and monitor noise within the classrooms to enable the understanding that there is a lot of noise being produced in a classroom. The students will then be alerted that they may be distracting others within that environment. The author of the research paper suggests a bright idea of implementing IoT sensors in classrooms to Monitor Noise to tell students when they may be bothering others with the amount of noise that they are creating.

Although the research is impeccable, the information gathered by other research’s show that the cost would be a major disadvantage for just monitoring noise with the IoT devices.  The only benefit the sensor will have is to inform students that are making too much noise that they are distracting there surrounding.
2.3.5 Building automation and energy control using IoT – Smart Campus  
The research shown for a smart campus[60] suggests that IoT plays a huge role in smart cities and smart campuses. It also shows that organizations are more than willing to spend huge amounts of money on improving the automation for the IoT devices and networks. This is essentially to provide easier accessibility for users. In addition, the research focuses its studies on creating an all-in-one device or application that can manage all basic small day activities
The author of the research paper “Building automation and energy control using IoT – Smart Campus,” suggests that the most basic suggested modules to create a campus will be some of the following modules as the author of the research paper suggests.

control for appliances and indoor environment services was investigated. Virtual queue management systems were also reported to effectively allow students to be informed of the shortest queue times by distributing approximated waiting times for each queue, thereby reducing time wastage and increasing the potential for augmented student performance. Moreover, exam invigilation personnel were rendered devoid through an implementation of 360º camera technology effectively freeing up more time for more important staff tasks such as the often simultaneously ongoing marking processes. A Smart Stationary Box informing on-campus stationary stocking staff on the required replenishments of items such as chalk, paper, or pens, so as to accommodate timely replenishment was also found to reduce impingements related to the absence of such equipment, thereby improving the teaching experience.
The evidence shown to the author of this project shows that the researcher of the paper discusses great improvement in the development of producing a successful smart campus and that their views and opinions are helpful for the author to improve their own project also.
2.3.6 IoT Smart campus review and implementation of IoT applications into education process of university

The research gathered from the publications of “IoT Smart campus review and implementation of IoT applications into education process of university” [18] explains the growth of IoT devices and how IoT operates. It shows that IoT is broken into four pillars, which are Things, People, Process and Data. The data shows that other areas researched within the field of IoT Garther, Inc. indicate that by 2020 the estimated number of devices connected to the internet which is a rough average of 20.4 billion devices[61] .

The researcher suggests a different approach of the element for the improvement of the IoT environment to help the enhancement of the educational system. The researcher referees to a classroom as a “Flipped Classroom (FP)”. The researcher’s objective is to enable students to study from home. For example, allowing the students to attend their lectures at home, but to do their homework, assignments and projects in their classrooms. The author highly disagrees with the approach of the researcher due to the reason that the author believes students will become more successful if they actually came in to their university campus where they can deal with the professors directly instead of studying from home.

The statistics of multiple researches [62]–[64] prove that it is extremely important for students to attend all sorts of educational events such as their classes, lectures, extra curriculum work, labs, workshops, seminars, etc. to enable the student for their best performance and to allow the student to increase the ability of their knowledge.

2.3.7 How Internet of Things making the university campuses smarter? QA higher education perspective

This research [11] only focuses its basis on the implementation of a model to develop smart university campuses with the use of IoT devices to help improve higher education. The researcher believes that internet supports education and that IoT presents many solutions by gathering mass data to enable students to “explore their environment more efficiently”.

The researcher’s goal is to allow all students to access all types of sources and materials required or needed by the learner at any time and any location the student can be. In addition, the researcher of the paper suggests that the staff can enhance their teaching and learning by the improvement of student engagement and satisfaction due to the solution’s present by IoT.

The researcher suggests that IoT devices will be placed and be set with configurations within classroom’s, study area’s and libraries to monitor the student performance, achievements, concentration. 

This model of a smart university campus would allow students to directly contact their module director if they needed to ask for their assistance and to understand where students could obtain higher achievement’s and what would help students concentrate more on their studies.

The information gathered from the research shows a different approach to the implementation of a new smart university campus, which is similar to the approach of the author. Both types of research have similar ideas but use different methods and implement different ways to allow improvement in higher education with the use of IoT.

2.3.8 Design and field test of an autonomous IoT WSN platform for environmental monitoring 
This research paper[65] focuses is interest highly in the improvement of IoT WSN  which is powered by a solar energy harvester using devices that have a low power consumption. This research paper explains the battery lifetime of IoT sensors, and how to improve the lifetime of an IoT sensor, which is normally limited in lifetime due to the capacity of the batteries within the sensors.
The researcher believes that if solar energy harvesting, is used within IoT devices it could help improve the battery life for long-term goals for IoT devices. The researcher of the paper uses a “low-power energy management circuit with solar energy harvesting”  [54] this is to enable battery life monitoring to analyse how much energy is being used. The researcher also implements the gateway and sensor nodes with low power software algorithm and switching techniques to enable the least amount of energy consumption. This will help the energy harvester to operate without any failures for the harvester to be operational, it must give enough energy for the required for the sensor nodes and to gather the correct amount of energy from the solar. 

The research has shown evidence of great improvement to battery life for IoT devices, improving battery life can be very beneficial for this project as it can save time and help the project save even more money for the project. The proposed work shows an effective and reliable solution to help operate IoT devices for a longer duration of time before changing the batteries, but the research also presents the problem of physical space. 
The proposed work requires additional equipment and a large amount of empty space to be fitted in, which will not allow the area to be used for more important equipment. The author of this paper suggests that this research is only suitable for very large IoT networks, as it will help save time by avoiding the constant need to be changing many different batteries for the devices at different areas of a large location. 
3.7 2.4 conclusion 

Supported by the research gathered previously, the chapter covered fundamental research and technologies to gain the necessary knowledge to have a comprehensive suitable experiment and project report.
After a brief introduction, the researcher explains and defines current technologies utilised within a university campus. This section is used to propose an explanation of the current technologies within IoT, WSN, Bluetooth, Beacons, Network protocols, Security and ZigBee Network and the impact the technology has. The author had conducted brief research to understand the operations of currently available technologies to gain further knowledge of understanding.
The second part of this chapter focuses on related literature review which is used to conduct additional information for the process and understanding of what requirements are needed to be able to complete a successful project. This part of the chapter shows evidence and a discussion on other research papers that are related and could help improve the outcome of this project. 
After brief research was conducted, the author had realised that security is the key of many problems to make sure a suitable smart environment is presented and that many other researchers do not implement suitable security within smart technology. At this stage of the project, the author understands and shows the requirements that will be needed to properly utilise a smart campus as the author had chosen the required equipment that will be needed.
The author also understands that each research paper discussion consists of the same ideas and format on devolving a smarter energy consumption to enable the ability in saving cost. However, this project aims to give students and staff in academic fields to improve their academic performance. Although all the research found and documented in Chapter 2.3 relates to the project in implementing a smart university campus. All the gathered information in the process of finding data shows that the utilisation of smart technology has the potential to help improve academic performance. 

The following chapter 3 will discuss the following research methodology and philosophy of the entire background behind this project.
Chapter 3 – Research methdology
3.1 Introduction

The author uses this chapter to briefly explain and discuss the different types of methods used in order to achieve the targets of the overall outcome of this project. This Chapter will briefly discuss and outline the following fields: Research Overview, Research Design, Philosophy, Research Methodology, Process and Data collection, the author uses these methods to ensure that it can reach its aim, which is the Implementation of a smart university campus for SA1 with a secure prototype.  

The following chapter seeks to elaborate to the reader the various research methodologies utilised in the study in order to justify, and to provide to a clear overview of the progressions applied when ascertaining the study’s aim and objectives.  This is to justify that all issues found by other researchers on the literature review were researched by the author and implemented solutions to overcome any issues that to meet the overall aim and objective.
3.2  Research Overview
Research methodology contributes to how the research will be conducted for it to be successful and to proceed with minimal or no faults during the process of implementation. This implies that the research methodology provides the correct term of validation by using ethical methods for the research process to collect the required data. 

This chapter aims to show the significance of research design. As it obtains a critical role between the theories and arguments that will inform the researcher from the data collected via the research onion. Figure 3 shows the use of the research onion. 

The research onion focuses on several different methods that should highly be taken into consideration. Any of the issues found on a research onion should be taken into notice so it could be solved systematically before the data collection. The remainder of this chapter will break up in to multiple subsections; each subsection will briefly explain the phase’s Segregation: Research Process; Research Philosophy; Methodologies, Time Horizons and Data Collection, as well as techniques and procedures that would support and assist the author in providing a better understanding of the research design
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Figure 3 – Research Onion - [66]
3.2.1 Research Philosophy
On the produced research onion as shown as on figure 3, the first layer[67] of the research onion is based on Research Philosophy. This field has three different types of methods, which consist of Positivism, Realism, and Interpretivism. When the author focuses on the development of the project, the author only found it suitable to use the positivism and realism methods. The author then continues to justify these methods.

Positivism:

This method is used to generate a hypothesis so that the scientific experiment or statistics with data could be tested and that the author/researcher should not have obligated opinions on the collected data. All data collected should be analysed and conducted in a scientific term. This implies that the author should analyse and compare results found in previous research areas and fields. This will also enable the author to observe and be able to describe the reality from an objective point of view.

The author implies positivism to the project as shown in chapter 2. The author then continues by applying multiple research in depth to check current, previous and future upcoming developments in their field to compare and improve the project outcomes. All research and results gathered by the authors were from official academic and scientific sources to only allow the use of formal and ethical researchers.

Realism: 

This method[66], [67] is used when researchers were uncertain if the gathered information is enough to determine a fully anticipated result or outcome suggested by the author. Realism uses the method of allowing the researcher to consult with people to analyse upon their own and others’ opinions continuously to not create a biased result. Realism uses the method of always researching theories as realism believes that the ability to know for certain what the reality is will not exist if not researched continuously which will enable the researcher's mind to be open to using many new methods for development of the research.   
The author suggests that realism should be implemented to the project as the author believes that the improvement of smart technology is still a newly developed technology Idea and research. Smart technology with the use of IoT could still have a great impact on society and will always require day to day research and development this suggests that the use of IoT will still be utilised within future[68]–[70] developments. The author suggests that due to a vulnerability within networks and IoT devices there should always be research gathered to help improve as IoT devices are implemented to gather information, which could be confidential and could be intercepted by hackers, which could leave a huge breach in information.
3.2.2 Research Approach’s
The research onion proposes two different methods for the research approach these two types of methods within the research onion are: Inductive, Deductive research. The author has utilised the deductive method for the project.
Once basic research was conducted by the author[67], [71], it was highly suggested to approach the project using the deductive research approach method. The reason being is that after the research was conducted, it was shown that a deductive approach would be the only to enable the author to state a statement or question to set to answer. The author believes the statement of this project will be if the outcome of a smart campus would help improve the performance of academic achievements.  The deductive approach enables the author to develop future hypothesis or questions to analyse and to be tested for future development. 
The author was unable to implement or use inductive approach due to the reason an inductive research approach only allows the researcher to develop a theory based on hypothesis/questions to test and be compared against on data collected and the researcher’s data analysis.
3.3 Research Strategies
The research onion produced and devolved by Saunders et al.(2007)[55], [66], [67] presents multiple types of methods to approach on the layer 3 of the onion. The following methods are[72]:

· Experiment 

This method allows the researcher to test experiments to generate data to be collected and test the data so it can be statistically analysed.
· Survey 
This method allows the researcher to gather multiple different types of data, by producing surveys and asking members of the public to fill in. The advantage of a survey is that all questions on the survey are set by the researcher to gather correct data
· Case study 
This method allows allowing an extensive study of the object, person or on other case studies in a real life environment. The collected data will require being analysed may require watching video footage of the behaviour of an object, person or data that could be collected or this method could be approached by an interview, which can be recorded, and with other members present to observe the interview.
· Action research
This method allows the researcher to help solve a solution with an organisation or case study that will need to require the solution from a list of different actions.
· Grounded theory 
This method implies the inductive research approach method is used, this method allows building a new theory from existing theories and other related literature using data that has already been gathered by other research theories.
· Ethnography 
This method[73] requires the researcher to be a part of the research area, community or situation to enable the researcher to give a full in-depth description of the collected data on a day-to-day basis. This could take a lot of time depending on the research area/field to achieve a successful analysis of the results collected. 
· Archival research 
This method is used to test existing data that is generated against archive test results, this method could not always be preferred due to the sole purpose of the information integrity as it could always be vulnerable to a malicious edit which could provide false information.
After brief research on different types of methods, the author has chosen to approach this project with experimental strategies taken from the research onion to be implemented to the project. The author had chosen these methods of research as the author would be required to build a simulation or a real life scenario to produce a successful outcome.
3.4 Time Horizons

As presented on figure 3 the fourth layer of the research onion have two different types of approach to time horizons, the two different approaches are cross-sectional and longitudinal. Both methods uses the same type of research, which involve the use of qualitative and quantitative research.  After research was conducted, the author approaches the cross-sectional method. The author has chosen this method as this method can implement short-term research, and the use of cross-sectional method allows the use of measuring the behaviour and other aspects of one to many people/individuals at a single time in a single environment.
3.5 Data Collection

As presented in Figure 3 there are multiple types of methods of data collection that are sampling, secondary data, observation, interviews and questionnaires, the data collection strategy allows the author to analyse data found against the theoretical framework. The author had chosen to approach the following fields to approach for data collection:
Secondary Research 
This method of approach collects data from sources not produced by the author found through a review of the available subject literature. This type of data collection could always be beneficial for a researcher as there are several difficulties relating to ascertaining primary sources of data, which may not be readily available through open source. Benefits associated with the utilisation of secondary data comprise exemption of monetary expenditure and allows for the juxtaposition and evaluation of existing data, thereby enabling the author to access a wider variety of resources.
Observation 
The author has chosen the observation method also for the research project also this is to enable the author collect data in a variety of ways on the assessment of researcher or by professionals in an ethical manor. This method of data collection allows the author/researcher to observe different types of behaviours and physical movements to observe.
The author has chosen these two specific methods of data collection for gathering non-bias results, as the author has used observation techniques of objects and individuals to understand the reaction the project faces to society. Secondly, the author uses secondary research as the author suggest that IoT technology[74]–[76] is still new piece of technology and still requires huge chunks of improvement for an operating network to decrease security attacks.

Table 1: Data Collection Methods

	Component
	Research Approach

	Chapter 1 – Project Title
	Articles, Books, journals and industry sites
Secondary – multiple resources

	Chapter 2 – Literature Review
	Articles, Books, journals and industry sites

Secondary – multiple resources

	Chapter 3 – Research Methodology
	Articles, Books, IEEE Xplore library, journals and industry sites

Secondary – multiple resources

	Chapter 4 – Design and Implementation  
	IEEE Xplore library, Project proposal and industry sites

Primary – multiple resources

	Chapter 5 - Testing and Evaluation
	IEEE Xplore library, Project proposal and industry sites

Primary – multiple resources


3.6 Research Deliverables

The author will produce results based on the simulation and practical deployment of the experiments produced.
The practical deployment of the project will allow actual recorded data collection from a real life environment based in the university of Wales Trinity Saint David the experiment will be set up in a cisco networking labs based with multiple Pc’s, Switches’, Routers, Lights, Windows.

The practical deployment experiment will be using a cloud based server application which will be provided by Imonnit Premiere [77].  The second experiment will be based on a simulation platform, which will provide metrics that will be exported in Microsoft excel to be translated in to clear graphs to understand and analyse the data comparison. The testing and data analysation can be found on chapter five.
3.7 Triangulation

This field will propose how the author uses different methods to backs up each statement made within the documentation. When the author produces a statement made in any of the chapters or in any of the built experiments, the author first makes sure that the field that requires to researched in is thoroughly researched in-depth and all research sources that are used is referenced in an ethical manor. 
The use of ethical referencing will show the use of professional sources being used within the documentation, it is important to show the use of the reference to back up each statement, which is used. 
The triangulation strategies also enable the use of a summarised conclusion based on the actual results compared against the results found on the literature, which will be focused on the aim of this project. The term triangulation for these scenarios defines that the findings of the results of this project will be used in comparison with the findings, which will be able to give the report validity to the collected data and to see if there is any potential use of the findings within the report. 
3.8 Conclusion
The summarisation of this chapter dictates that all necessary research methods has been taken in to consideration and appropriate research methods have been implemented to ensure the success of the project aim. The philosophy method implemented helped in supporting the author to focus on the correct path of success of the project aim. Implementing the research methodology to the project is essential to allow the progression and to monitor the progress of the report to ensure that the report can be completed in a timely manner. Research information gathered in chapter two was taken in to consideration, as it was essential to the author to gather primary and secondary research sources. The following chapter will propose every stage of the development of the design implementation. 
Chapter 4 - DESIGN & IMPLEMENTATION
4.1 Introduction
This chapter will give in-depth information for the design and implementation of this project. This chapter will show all systematic progression of building a smart campus for the University of Wales Trinity Saint David SA1 campus. This chapter will also show evidence of problem formulation of created problems during the process of building a smart campus.
The author was required to build a smart campus using wireless sensor network technology with the use of IoT devices to gather data. The gathered data needed to be implied to the smart campus to operate smart rooms and to help save money and improve the following fields:

· Academic Performance

· Energy efficiency

· Response to Weather changes

· Automating operations

· Safer environments
· Controlled/Monitored area’s

· Security

· Accessibility 

· Student Progression Tracking

All information gathered will help assist the IoT devices with their behaviours to help with the fields shown above. The author was set a deadline to produce a smart campus. This meant that the author had faced limitations such as shortage of time and inadequate financial budget whilst trying to complete the task of creating a proposed network, which needed to be entailed to the project.
Due to the limiting circumstances, the author had only produced two factors of a smart campus environment. The two environments built were a Smart Classroom and a Smart Carpark.
The two different smart locations devolved was created in two different experimental methods due to financial limitations. The author had produced a smart car park network on a simulation platform and had built a smart classroom with the use of physical IoT devices and a physical network to show real life results and a simulation network results to compare and analyse.
The author did not produce evidence of a complete smart university campus but had given an idea of a sample of a smart university campus with the two different environment’s the author had produced on the research project report. 

4.2 problem formulation
This field is outlining the problems the author encounters in the process of the development of a smart university campus and how the author had overcome the problems will be explained. 

When the author was in the process of developing a smart university campus, the author had encountered multiple different types of problems in both of design implementation (simulation and Smart classroom). The author gives a brief description of the problem formulation of each problem encountered.
One of the first Issues faced during the undertaking of the physical experiment associated with the LUX (lux) sensory data collection pertains to the sensor placement in smart classroom, where the sensor failed to collect the correct data due to its allocation facing downward towards the computer table, leading to a restricted field of data collection. Figure 4 shows the first location the LUX sensor was utilised in. 

This meant that the data for the Lux sensor was limited in its nature and required to be relocated to a better position, which impinged upon the data sets used in the final analysis. The author had fixed the problem encountered once the relocation of the LUX sensor was performed. The author shows evidence of where the LUX sensor was first located on Figure 4. The author shows where the LUX sensor was relocated in Figure 5 in order to enable the LUX sensor to collect the correct data.  

[image: image5.png]&l ef & &l &l e





Figure 4 – First Design Implementation (Wrong Placement of LUX Sensor)
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Figure 5 – Imonnit Design blue Print (Relocation of LUX Sensor) 
The second problem, which was encountered on the physical experiment, was the use of the light presence sensor located in the smart classroom. The allocated sensor was unable to operate due to unforeseen technical issues, which the author was not able to find a suitable solution for, because the sensor had failed to operate. The light sensor had failed to operate due to faulty production, which was produced by the vendor in which the author was not able to find any other solution other than returning the device back to the vendor for product replacement. The vendor was not able to send the replacement sensor in time for the author to gather the required data. Once the second problem’s solution was implemented, no further problems had occurred in the process of building a smart classroom in the university campus
The author had encountered multiple different problems on the creation of a smart car park simulation due to the simulation tool. The simulation tool used in the development of the smart car park (Netsim) did not allow the author to implement advanced commands to operate the network to the preference’s the author had suggested.
4.3 Design
This field of Chapter 4 will propose the designed blueprint and the design’s implementations. The author would explain all aspects covered and implemented in both experiments for the production of a smart university campus. The author first proposes the designed blueprint’s implementation. The blueprint was produced by the author once the author had gathered enough relative information from chapter two (literature review). The author planned to produce a blueprint once chapter two was completed to ensure that the idea of the blueprint was suitable to be used in a university classroom to collect real time data. 
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Figure 6 –Blue Print Design 
The blueprint design was carefully planned and prepared to fulfil the same standards as the room the IoT sensors will be utilised in. The blueprint design was aimed to relate as closely as possible to the real life environment the author had used within the university campus. The author has also implemented, on the blueprint, where each IoT device will be installed as shown on figure 6. 

Figure 6 shows the implementation of the designed blueprint. The author makes sure each detail is considered in accordance to the real life environment to ensure that the design is ethical.
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Figure 7 - Smart car Park Blue Print

Figure 7 shows the blueprint design of the smart car park that will be utilised on the simulation platform. The author ensures that every design method is taken in consideration and in accordance to the literature research that was proposed in Chapter 2. This method ensures the researcher a successful deployment of a smart car park. The author had also applied additional research to the deployment of a smart car park to ensure that the users using the car park could be satisfied in the deployment of a smart car park.

4.4 Implementation
The author uses two different methods to implement an operational smart university campus, but due to time restrictions, the author only builds two operational area, which are implemented with smart technology. The author builds an operational smart car park and a smart classroom. 

The author builds a smart car park using the Netsim[78] simulation tool, the author explains the use of a simulation tool and the benefits and detriments of simulation tool.
The benefits associated with the utilisation of simulation test-bed methodologies relates to the ability to maintain control over the communication services in the most effective manner possible through virtual demonstrations of the actual systems to prognosticate the operational electricity requirements by the system over a longer time span. This enables the system operator to approximate the efficiency of the system and the potential risks associated with security. Furthermore, the simulation tools provide time and cost savings for the developer, as it does not require actual deployment of devices in a real setting.
Detriments comprise the potential for wrongful simulation, which might provide misleading results, which may impinge on the ability to make sound decisions regarding the implementations of a wireless sensor network. Moreover, the lack of inclusion of the likely acceleration of innovation associated with the energy efficiency sector is not accounted for, which may lead to a potential underestimate of the actual savings provided by the implementation of smart technologies over a longer time period.

The author had to also be able to ensure that the simulation implementation was carefully planned and put into progress. This is to enable full outcome of the results for analysis. This is due as not all simulation tools gives required data that may need to be collected. After the author conducted a brief research, it was highly suggested for the use of Netsim simulation tool as it allows the following services in data collection: 
· Performance metrics and traffic

· Creation of a network with scenarios

· Evaluation of a wide range technologies

· Compressive labs

The author suggests that Netsim simulation tool is most appropriate to use for the smart car park deployment as the software offers IoT based scenarios, which can be utilised for the use of the project. The simulation tool also offers the use of WSN with the use of IoT, which was not supported by other simulation tools.
The second experiment deployment of the project is the implementation of a smart classroom. The experiment will be utilised on an application based cloud service, which will be used to monitor the environments within a classroom. The physical deployment will be using IoT devices with a wireless gateway for the connectivity between the sensors and the end user. The IoT devices that are implement use a cloud service, which is provided by the manufacturer (imonnit).  The cloud services feature was required to be implemented for the use of gathering data from the environment the devices were set in. 
The author was required to complete a personal account on the vendor’s website to gain access to the IoT devices. Once the competition of a successful account was created, the author was required to implement each Media Access Control address (MAC address) of all IoT devices and wireless gateway. After the author had implemented each device on the cloud application service, the author was able to gathering data from the devices used. 

Shown on figure 8 is the home page of the application service, which provides brief detail of each device, which is in operation.
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Figure 8 - Immonit[79]
4.5 Design Implementation of a smart car park (simulation Platform)
The author was required to implement the use of a smart university campus with the use of IoT devices and wireless sensor network technology. As the author was limited in time, the author had produced a smart car park to show an example of how a smart university campus car park should operate. 
The author had conducted in-depth research in production of a smart car park to enable the maximum use of services a smart car park could propose to students and staff. This is to ensure that an appropriate blue print may be shown and used in accordance to the project aim and to help the process of building the smart car park simulation. The related research in chapter two would be taken in consideration to help assist and support of each placement devices and sensors used within the simulation.

After revising the conducted information on chapter two, the author decides on the network protocols and type of security to be implemented to ensure the success of a smart car park. The author utilises a smart car park using a IoT scenario which gives the capabilities of using IoT devices and the use WSN with access to multiple network protocols.

The author implements security to each device used within the smart car park to ensure maximum security. The author has used the following Transmission Control Protocol (TCP) and User Datagram Protocol (UDP) network protocols to ensure an operational network for the smart car park. The UDP protocol is only used within every router, computer and the wireless gateway connection.

The smart car park utilises security encryption to ensure the users the safety of using the smart environment. The author implements the acronym of Advanced Encryption Standard (AES) this ensures to the user that the network is not vulnerable to attacks by hackers.

The author had to ensure that the smart car park built was able to connect to the university network without any communication loss to enable full performance of speed and to allow no loss of data packets, which may lead to misleading information.  Shown below in figure 8 is the final design blue print, the proposed design will be utilised for the use of a smart car park for the University of Wales Trinity Saint David.

[image: image10.emf]
Figure 9 – Smart Car Park (Netsim)[78], [80]
While in the process of the production of the smart car park the author had conducted a brief research on every sort of device that will be required to be implemented in to smart car park. After completion of a research, the author had decided on each type of device that will need to be utilised, the research was vital to make sure that the car park does not cost an unreasonable amount of cost. The selected devices to be utilised in the smart car park was:

· Smart Closed Circuit Television (CCTV)

· Smart Smoke detector

· Routers 

· Switches 

· End Devices

Each device was prudently selected to ensure full capability within the smart car park. The author will explain the use of each device and the impact it will have to the car park. 

Close Circuit Television (CCTV): the author uses same cameras throughout the entire smart car park, but all the cameras utilised are with more configure to perform to operate more than one function to monitor the environment. The CCTV system used also implements the use of Automated Number Plate Reader (ANPR), which monitors and logs each vehicle that enters the car park. The use of the ANPR system also allows the university staff not to worry about the misuse of the car park as the barriers used in the entrance and exit of the car park will not open the barrier if a vehicle that is not prohibited to use the area.
The final advantage of the smart CCTV surveillance system is the motion detection recording function. This feature enables the cameras to record solely when the cameras’ angle of scope detects movement, which enables optimally efficient utilisation of allocated on board storage as there is no recordings of dedicated area when no movement is detected. Secondly, the use of CCTV surveillance cameras will be able to monitor and record the entire smart car park to ensure the safety of the members using the car park by making sure no criminal offences are not being committed and to be able to record and evidence of illegal criminal offence.

Smoke Detector sensors: these sensors were utilised as the author wanted to make sure that every smart environment had all foreseeable risk deduction. The utilisation of the smoke detectors will also have the operation to be able to instantly inform the Fire Department in the event a fire was detected. The use of the smoke detectors will always be able to make sure the environment is safe as most car park is in a closed area with many vehicles, which consume highly flammable substances, which can cause a chaos.  
The following designs were utilised for the Smart car park to operate its full potential, the author had to ensure each IoT device was correctly connected to an end device (computer), which will then pass all relevant information to the router of the allocated area (car park).
In the presented scenario, the router will be converting all the information to the end user, the information that the router will convert will enable the user to understand the functions of the smart car park. These functions will be able to ensure the user if there is any available parking bay that the user can use within the car park. The cameras used within the car park enables this function. Initially cameras on the entrance and exit will always count the amount of cars within the car park area and calculate accordingly to amount of car park bays that are present within the car park. This function is also supported with additional cameras, which are placed on every parking bay this is to ensure the safety of every vehicle parked on the car park and to count the amount vehicles present and to tell which parking bay is not being used.
When the production of the smart car park utilisation was completed, the author had to ensure that the internal core router of the smart car park was able to connect to the main university network. The advantage and purpose of a valid connection between the university and the smart car park is to ensure internet connection, which will then enable the use of Remote services. Remote Services will allow end user members to control and monitor the entire smart car park from anywhere they will be located around the world with an internet connection.
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Figure 10 - Smart Car Park (Netsim Simulation)[78], [80]
Figure 10 shows the final design implementation created, figure 11 only shows the final design implementation without any of the wireless connection.  The author also shows on figure 11 the final design implementation with all connection established and showing the direction of all the network traffic flow will be set.
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Figure 11 - Smart Car Park (Established Connections)
4.6 Design implementation of a physical smart classroom 

This subchapter explains the implementation methods took to deploy a smart technology within a university campus. The author gives in-depth information in each step taken to deploy a smart classroom and explanation of each device used, the smart classroom utilised at the University of Wales Trinity Saint David in the Cisco networking lab.

The author was limited to the amount of physical resources to implement as a result of limitations the author was only allowed a limited amount of devices. The author had implemented only the following devices:

· Wireless Gateway
· Humidity Sensor

· Light Presence sensor

· Motion Sensor

· Temperature Sensor

· LUX sensor 

The author will give a brief detail of operational use of each Physical device used.  This ensures the author of the full understanding of each operation utilised and what sort information will be expected to be collected.
4.6.1 Wireless Gateway
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Figure 12 - Wireless Gateway (Imonnit) [81]
The operational use of a wireless gateway within the project is to establish connectivity between the IoT devices and the physical interface. The wireless gateway will be responsible for routing packets in and out of the wireless sensor nodes. This will enable the use of colleting the required data from the wireless IoT devices.
4.6.2 Humidity Sensor
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Figure 13 - Humidity Sensor[81]
The humidity sensor is utilised to monitor the humidity levels within the environment it will be deployed in. Data collected from the humidity sensor will be calibrated to ensure the humidity levels within deployed environments are suitable to ensure the ease of comfort of the smart classroom.    

4.6.3 Light Presence Sensor
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Figure 14 - Light Detection Sensor[82]
This sensor is utilised to detect if there is any light presence within the environment the wireless sensor will be located. The wireless light sensor will be required to be continuously in operation to allow the ease of comfort to the user and to ensure energy savings for the university. The light detection is supposed to interact with the lights within a controlled area this will allow the light sensor to control the lights within a room.  The light detection sensors purpose is to switch on lights when motion is detected within the selected environment and to switch off lights within areas that are not being in use. Due to the limitations of finical budget, the author was not capable of supplying additional devices to control the lightings within the classroom. 

4.6.4 Motion Sensor
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Figure 15 - Motion Detection Sensor[83]
The use and purpose of utilising a motion detection sensor within the classroom is to detect movement and to be operational with the other wireless sensor nodes. The motion sensor helps support the other IoT devices and to ensure additional security for the surrounding area of the placement of Sensor node. The motion sensor will inform the other IoT devices which is used within the same surrounding area if they require to do any operational behaviours. This will allow the other IoT devices to automatically terminate all services in the selected surrounding area if it is not being used.
4.6.5 Temperature Sensor
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Figure 16 - Temperature Sensor[84]
The purpose of wireless temperature sensor is to monitor and control a specific area. This enables users within the university classroom to be able to work at a comfortable temperature of their desire. The temperature sensor can also automatically control the temperature of a controlled area, which this feature will require the IoT device to be able to interact with the thermostat. This ensures the users within the specific area to not worry about how cold or warm it may be, which will help stop any sort of distraction the user may face when working in an uncomfortable area.
4.6.7 LUX Sensor 
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Figure 17 - Light Meter (LUX Sensor)[85]
The implementation of the LUX sensor enabled the use of monitoring the light intensity within a controlled IoT area. The role of a LUX sensor is to monitor the amount of visible light produced within a controlled area. The related purpose of LUX sensor use within this project is to ensure that classrooms do not conduct a lot visible light to allow students and staff members not to be distracted by sun light or room lighting. This feature could not be implemented in the design due to financial budget the author faced. This feature is meant to operate with the blinds and the control of lighting in the room, as the LUX sensor will measure the amount of light present in the room. The Lux sensor operations will be enabled in a room if there is not enough or if there is a lot of visible light in a room which can cause a lot of distraction.
The first step taken in accordance of the deployment of the physical experiment was to ensure that each physical device was installed in the correct location within the classroom. The physical instillation is vital for the entire project because if the sensors are installed in a wrong location in the classroom, this can restrict the amount information the devices can gather.

The second step taken for the physical deployment was to ensure the successful creation of an account of the cloud application service, which was provided by the vendor. After a successful creation of a user account was created, the author associates each device to the cloud application to start gathering information within the classroom. The author shows picture evidence of the physical deployment on figure 18, which shows the placement of the IoT Sensors.
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Figure 18 - Physical Implementation[86]
The final set up procedure required to be implemented to allow the use of the IoT sensors is to set parameters to enable the sensors to understand how to operate. The author was required to set the behaviours and operations of all the physical IoT sensors to ensure that the devices collect the correct data from the classroom.
As shown on figure 19 the author has set behaviours to control the result outcome the author will require. Each sensor needs to be set with the configurations to collect data, the user has the full ability in controlling how the data is collected (Example: The sensor could be set to collect data every 5 minutes or every X amount of time from the previous data collection the author had set).
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Figure 19 - Humidity Sensor Configuration[79], [87]
4.7 Conclusion
The author has understood prior to the completion of this chapter that the proposed work is what will be required to ensure the safety and best outcome of an implementation of WSN. However, the author proposes two similar smart environments and understands that the use of simulation tools ensure the safety of testing network environments before deployment which ensures saving time and cost as well.
To the
completion of this chapter, the proposed work was completed with all operational configurations to allow the monitoring and to start recording data of the smart environments.  The following chapter would define the practical deployment and results of the theory the author would explain the gathered data. 
 

Chapter 5 – Testing and Evaluation 

5.1 Introduction
This chapter is for the purposes of evaluating the information gathered from the experiments carried out. This chapter will show and explain the data collection of the experiments tested and the analysation of the results. All data gathered will be analysed to ensure that expected outcome has been meet this will ensure the success of the project aim.
5.2 Testing and Evaulation of a Smart Car Park (simulation)
The author provides evidence of the tested simulation with data for development of building a smart university campus. The author shows the operational outcome of the simulation software and explains the methods implemented to obtain a successful outcome of results.
After the completion of the creation of the smart car park simulation, the author runs the simulation to gather data results to understand the outcome of the simulation.  However, before deploying the simulation, the author was required to insert an environment application which is produced in the Netsim Simulation tool[78], [80]. The application tool is used to insert the final link connection configurations of the simulation to ensure the outcome of the appropriate connectivity function. The link connectivity configurations implemented on the Netsim simulation tool are Network Protocols, Encryption, Static Routing, Packet Sizes, Power Source, Delay, Intervals etc. 
The author provides evidence of the simulation results gathered, following this paragraph is a few screenshots of the metrics gathered after running the simulation prior to its completion. The following screenshots will show evidence of comparison in Packet Loss, Throughput, Payload Loss, and delay.    
5.2.1 Packet Loss analysis

As shown on Figure 20 the graph provides information on the amount of packets loss when the simulation network is operational. After a brief analysation of the results shown on figure 20, the author understands that there are a few issues apparent according to the results shown

[image: image21.emf]
Figure 20 - Packet Loss (simulation result)
The first problem found from analysing the graph shown on figure 20 is that there is an average of 30% packet loss during the process of the simulation running, this issue could have occurred from various different reasons. Some of the issues why packet loss could occur on a simulation are from Link congestion, Device Performance and Software issue (Bugs). The reason why these issues are created is how the entire network operates. Link congestion occurs because packets need to travel from multiple devices and if there are other devices using the full capacity of the network the packet could be dropped regarding how much priority the device has on the network. Improvement of packet loss could be implemented by increasing bandwidth. Device Performance and Software issues could occur from multiple Hardware/Software issues created by end devices such as system bugs.
Packet Loss is a key element to concentrate in the development of deploying any sort of network. A network Packets is important for operational networks formatted unit of data carried, this data can be end user information and Control information. Packets are for the use of routing data blocks of information generated by users these block will be passed through and entire network or the internet. Network packets are based on destination address to understand where the packet will need to be sent. Packet loss is vital for the project or any operational network due to loss of confidential data. 
5.2.2Throughput analysis
In figure 21, an overview of the through put metrics gathered post simulation execution with Netsim is represented. Network throughput refers to an average data rate (megabits per second) transference of e.g. data or messages through a dedicated communications link, and is commonly derived through dividing the time of round-trip of data communications by the size of the TCP window. 
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Figure 21 - Throughput (simulation result)
The data shown on Figure 21 give data on the collected information on the network throughput. The metrics gathered are translated in Mbps (Megabits bits per second), the author understands from the data gathered that the average amount of data being sent on the network operates at 0.0003 Mbps. This shows the average speed of data throughput within the network simulation was very fast which ensures that data is being operating within very fast speeds.
Throughput supports the key elements of the project aim, as throughput is responsible on how fast data is being transmitted which helps the improvement of the simulation as IoT devices constantly send data on the network.
5.2.3 Payload Loss analysis

The metrics depicted in figure 22, which illustrates a comparison between the payload loss, payload received, and payload transmitted. The data collection method for this bar chart consist of two connected nodes.
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Figure 22 - Payload loss (simulation result)
The Bar chart provides evidence of the overall payload transmitted the author implements the amount of Payload to run on the simulation environment. The Payload Transmitted show a 100% success as the author has only generated 5000 data payload to be utilised. The metrics provided show an average of 70% payload received between the two connected nodes, some nodes during the process of the simulation might of not be received due to amount of traffic generated in the network. However, the bar chart shows an average of 30% payload loss that might consist of important information packets.
The author has to ensure minimum payload loss for the overall outcome of the results in the future development of the smart campus to avoid any loss of information. 
5.2.4 Packet Delay analysis 

The following figure 23 will show the metric analysis of the Packet Delay output of the simulation environment. The delay metrics are gathered in accordance with end-to-end devices within the selected path of connection, the bar chart below work in accordance of the acknowledgement of packet loss. The metrics are calculated using Microseconds with accordance to application node.
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Figure 23 - Delay (simulation result)
The information gathered from figure 23 shows the analysis of an average packet delay of 500000 microseconds. In accordance to previous research, the author has concluded the effect of 500000 microseconds will not have a major impact of the overall outcome of the simulation and the result given will be a general tolerance of packet delay in an average network scenario, which consistently generates lot of trafficking.

The author suggest that the overall outcome required for a successful aim for a smart car park has been completed with success. The overall design and results shown from the outcome data gathered from the simulation show that all required devices has been implemented in a suitable manor to efficiency of the project. The results gathered from the simulation show that the smart car park could be utilised as all operations of the smart car park all fully functional.

5.3 Testing and Evaluation of a Smart Classroom 

5.3.1 Introduction 

This Sub Chapter is to provide evidence of the results and findings of the practical deployment of a smart classroom. The smart classroom was implemented as a part of a research project of utilising smart technology to help support the educational system. After conducting background research in the field of WSN technology the author had, acknowledge appropriate amount of the knowledge to deploy the IoT sensors to start monitoring data. The author had the IoT devices operational for a duration of 2 weeks during this process the classroom was in use by student and lectures to ensure that all data gathered was appropriate to a real life physical environment. The author has implemented the experiment of a Physical smart classroom with the utilisation of IoT devices from 10th April 2018 until the 24th April 2018 at the University of Wales Trinity Saint David placed in MH505 Cisco Lab.
The author has implied physical alterations throughout the room to enable the maximum outcome of the results to gather from the IoT monitoring devices. The author has ensured that all blinds are fully open to allow the maximum sun light within the room to allow the measurement of light intensity within the room. Other physical operations that were implied were Routers, Switches, Air Conditioning and lights to be switched on constantly during from every day the experiment was deployed to allow the maximum amount of data to gather.

All data results gathered were collected from the Imonnit application based cloud service which the author could access anywhere around the world with internet access. This implies that the classroom is already a smart environment as data could be collected with the use of the internet.

5.3.2 Humidity Sensor Analysis 

The image shown of figure 24 show a analyatic chart of the results which were gathered by the humidty sensor which was used within the pyhical classroom. The results shown by the humidty sensor also show the comparison of temputure readings within the classroom but however the author does not use the tool provided by Imonnit to compare the metrics that were provided.
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Figure 24 - Humidity Sensor Readings
As shown on figure 24 the reading implements that the humidity levels were on an average of 40% within the 2 weeks that the IoT devices were deployed to monitor the room. The metrics also provide information of the room temperature in comparison of the humidity level within the designated area. The results show there was an average of 5°c throughout entire two weeks, this data also shows that this was only when the humidity levels were on average 40%. If the author were able to have, additional time and have a wider financial support to help the improvement of the classroom, this would have enabled the use to control the physical objects of the room to make the environment a better setting.
5.3.3 Light Presence

Figure 25, shows the data results history page. As discussed on chapter 4 Problem formulation the author was not capable of utilising the operations of the IoT device to gather light presence metrics provided within the room.
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Figure 25 - Light Presence Readings
The author was not able to meet the aim of the project to a 100% success due to unforeseeable issues created by software/hardware bugs. In the implementation of the IoT devices, the author was able to enable the operations of the light presence device due manufacture malfunction. If the IoT device was able to be operational, the author could have used the Light presence sensor to understand if there is light present within the room. 

The impact the IoT light presence sensor would of have to the project aim is that if the sensor was able to gather information it could also use this information to control the environment via other IoT devices, to allow 100% comfort and ease of accessibility within the classroom to ensure the user the best environment setting possible.

5.3.4 LUX Sensor Analysis 
Figure 26 illustrates the results provided by the LUX sensor, the operations of the 
Light sensor is to understand the light intensity within a scoped area. The LUX sensor is implemented to the classroom design to ensure the light levels within the classroom does not affect the ability to decrease the vision on the digital screens and to avoid the users within the room. The use of the LUX sensor is to ensure the user the ability of comfort of making sure that the room light does not affect the mood of the user as well. 
[image: image27.png]O LLCool Vs Canibus 41 X [ Mail ~ionur147861@stv. X [ Mail - rfan_onur 23@he X [B§ IEEE Xplore Search Resul: X ) © iMonnit - Online Wireles X e -

<« c O ‘ @ Secure | https://www.imonnit.com/Overview/SensorChart/193445

Apps [} Master_thesis Vikto

iIMONNIT. ©  anomre

€ |8 Chart « Events H & Edit ‘
A Home Lux - 193445
w0 Events S0
E 5 lux II i
-0 al
& Reports
Last ezzage -0 Minutes Ago
Expected Next Check-in: 04/26/2018 359 AM Belongs to Network MH505 - Irfan Onur
M sensor Maps
Sensor Chart Reading From: (04/10/2018 12:00 AM| To: {04/24/2018 11:59 PM
O Lux - 193445
Lux L
150

120

%

60

= e





Figure 26 - LUX Sensor Readings
The LUX levels shown within the classroom changes constantly towards the time of day. For example, the figures shown within the result implement that during the early morning hours between the time of 07:00 hours (GMT Summer time) and 13:00 hours the room light intensity is at the highest. The highest LUX reading was recorded on the 12/04/2018 at 09:59:58 (GMT Summer Time) the readings showed significant result of 128 light intensity.
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Figure 27 - Weather Forecast (12/04/2018) [88]
The author shows the weather forecast in figure 27 to support the explanation and show the understanding of how the operations of the LUX operated to gather data. As illustrated on figure 27 the information gathered shows weather cool on the day of the highest LUX recorded, the temperature recordings was recorded at 10°c during the hour of the data collected.

The LUX sensor was able to provide reliable recordings of data during the operational process of the deployed smart environment. The author was required before the deployment of the recording to change the location of the LUX sensor to expand the scope of area the LUX sensor will have to extend the amount of data gathered.

The advantage of LUX sensors operations will be to enable controlling physical objects to control the behaviours within the room so that the LUX levels stay in accordance to ensure comfort of to the eye for the user and to set the best availability of setting within the classroom.

5.3.5 Motion Detection Analysis
The illustrated figure in 28 shows the results provided by the motion detection sensor, which is operated by IoT and used within WSN Connections to enable the use of easy instillation. 
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Figure 28 - Motion Detection Readings
The operational use of the motion detection monitoring is to enable the understanding if the room is within use or not. Many other benefits of the motion detection is to understand if someone is present in the room out of its operating hours which this might imply that a robbery is in place and immediately public authorities should be informed.
Figure 28 shows, that there were serval actives recorded during the weekdays and within the classrooms operating hours. The data collected shows that there was no information created during the two weekends that the device was monitoring. This information also provides additional evidence that the operations performed on the Motion detection IoT device were accurate.

5.3.6 Temperature Sensor Analysis
Figure 29, shows the information gathered according to the classrooms temperature. The author had used physical electronic devices to ensure more heat within the environment of the room to understand the ability the sensors has on collecting data accordingly.
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Figure 29 - Temperature Sensor Readings
The data collected shows an average of 25°c within the two weeks that the IoT device was operational. The highest recorded temperature data reading during the two weeks of deployment is 29°c on the 21/04/2018 at 12:00 (GMT Summer Time). However, the lowest temperature recorded during the same period was 20.4°c on the 18/04/2018 at 14:00 (GMT Summer Time). After concluding, the information gathered from the results it shows the understanding that the IoT device operations are fully functional.
The author shows the temperature readings of the Swansea area provided by “Time and Date”. The readings provided on figure 30, are from the date of the lowest temperature recorded on the IoT device. 

[image: image31.png]© EMINEM Vs, Benzino - Fo X {1 Mail ~ionur.147861@ste. X (2 Mail ~irfan_onur_23@he X | [B IEEE Xplore Search Resul: X { © iMonnit - Online Wireles: X )/ <- Past Weather in Swansec X e -

<« C () | @ Secure | https://www.timeanddate.com/weather/uk/swansea/historic | @

Apps 3 Master thesis Vikee

Swansea Weather History for 18 April 2018

Show weather for: | 15 april 2018

Conditions. Comfort

Time Temp Weather Wind Humidity Barometer Visibility

oo, ‘::ﬂ’r nA 10°C Cool. 18 mph A 98% 1022 mbar NA

02:00 WA 10°C Cool. 18 mph t 99% 1022 mbar NA

03:00 WA 10°C Cool. 16 mph t 99% 1022 mbar NA

A 10°C Cool. 15 mph t 99% 1023 mbar NA

A 10°C Cool. 18 mph t 99% 1023 mbar NA

06:00 WA 10°C Cool. 22 mph t 98% 1024 mbar NA

07:00 WA 10°C Cool 15 mph ’ 98% 1024 mbar NA

08:00 WA 10°C Cool. 15 mph t 98% 10256 mbar NA

09:00 WA 10°C Cool. 12 mph t 97% 1025 mbar NA

1100 W 14°C Cool. 13 mph ~ 82% 1026 mbar NA

i 15°C Cool. 23 mph - 78% 1025 mbar NA

i 16°C Cool. 22 mph ~ 72% 1025 mbar NA

1400 WA 16°C Cool. 22 mph ~ 70% 1024 mbar NA

1500 WA 16°C Cool. 26 mph ~ 70% 1024 mbar NA

1600 WA 15°C Cool. 22 mph = 72% 1024 mbar NA

0 e





Figure 30 - Swansea Weather Forecast (18/04/2018)[88]
 The data provided by “Time and Date” show temperature readings of the Swansea area recorded at 15°c at the same time the IoT device has given the lowest recording. The secondary data collected suggest that the provided information from the IoT devices are accurate even though they don’t show the same degrees as one system calculates outside area and the smart classroom is an indoor environment.
5.3.7 Wireless Gateway and Cisco Lab
This field will discuss the information gathered with the use of the wireless gateway which intercepts all wireless traffic generated by the IoT devices. The use of the wireless gateway is to route all traffic to appropriate destination. Figure 32, illustrates the wireless gateway interface which is operational on the Imonnit Cloud based internet application.  
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Figure 31 - Wireless Gateway Interface View

Figure 32, shows the intercepted packets that are received by the IoT devices this is known as an event on the Imonnit application. The operational services of the Wireless gateway are to ensure the routing of all packets source and destination. 
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Figure 32 - Wireless Gateway Event Readings
The image shown on figure 33 demonstrates the use of all the IoT devices which were utilised within the cisco lab at the UWTSD. The image also shows evidence of the new location placement of the LUX sensor.
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Figure 33 - Cisco Lab (IoT Sensors)
Figure 34, illustrates the network operations devices which were used in the deploying the application of operations. The author has shown evidence of cable patching of the wireless gateway to the layer 2 switch is connected which will then require a physical connection between from the switch to an external router which will provide internet access.
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Figure 34 – Imonnit Wireless Gateway

The author has conducted the practical deployment of the experiment to gather real time data. After a 2-week period the author has monitored the IoT devices results that were generated. The author suggest that the overall outcome of the statistics was a complete success other than the IoT light presence sensor. 

5.4 Conclusion
After the completion of the experiments and evaluation of the statistical results that were provided by both methods of the experiments, the author feels evidentially that all objectives that were set in accordance to chapter 1 has been met. The physical experiment has shown evidence that the IoT devices that were set to analyse the selected area of a classroom was met to 100% other than the failure of the physical light presence sensor. The outcome of the physical experiment also shows evidence that the smart classroom could of also utilised management of physical objects. 

All devices that were implemented to the use of the smart classroom shows evidence that the operational devices that was in used were performed to their best ability to gather appropriate data.
The simulation experiment that was implemented to the project the author believes that it was completed to their best ability to perform a smart car park. The author suggest that the smart car park meets the requirements of the overall objectives of this report. All evaluated results shown on the practical deployment suggest why it is important to ensure no loss of data on a real environment as this can influence false information that could mislead the report or a user. The author is satisfied with the overall outcome of all experiments and gathered data results which has been evaluated by the author for the analysation of better understanding the data. The author believes if there were an extended deadline this will help avoid the project limitation which was produce prior to this chapter and to help improve the amount of data collected.

Chapter 6 - CONCLUSIONS AND RECOMMENDATIONS 
6.1 Conclusion & summary 
The author will use this chapter to discuss the overall conclusion of the project and what they have done and if the expected outcome has been reached. The author follows the structure of the report to ensure the best possible outcome of entire project. The author starts by giving in-depth information in chapter 1 in to the project introduction and the entire project overview to ensures the author to understand how they will need to approach each subject area for the research development. The author sets his aims and objectives in chapter 1 to be able to understand what the author will require to do. The author suggest that the main aim and objects have been achieved to their best of ability even though there have been a few limitation issues found on the process of developing this report. 
The authors focus on chapter 2, the chapter is entirely based on primary and secondary background research which helps improve the knowledge of understanding of existing technology and related work. The author has found that prior to the completion of the chapter that there is an increase of the overall knowledge and a better understanding of what will be required from the author of the outcome of this project.

On the development of the research project the author was required to explain and show the research methodology strategies to show a better understanding for the author and others on how this project was approached on what ethical process was taken in to action. The researcher has made sure that each research method that has been taken into account has been executed to ensure optimal outcome of the aim.
The researcher bases this paper within Wireless Sensor Network and Internet of Things to enable the use of smart environments to help the ability of students and staff within the University of Wales Trinity Saint David.  The smart environment’s to be created within this project is to help students and staff with academic enchantment to help improve and expand their academic knowledge. 
Once the research methodology was conducted the author understood which methods to take to optimise within the network design for the two practical experiments.  

Prior to completion of the methodology the author uses the knowledge gathered on the research literature to help understand and deploy a practical experiment, the author approach’s the practical experiment within two different methods. The author firstly approaches a simulation method for the deployment of a network simulation with the use of Internet of Things and Wireless Area Networks.  The authors second approach for practical deployment is based on a real life scenario, the author firstly practices on simulation tools to ensure that the network will be operating without the loss of any data and to test the integrity of the network. After a series of simulation testing the author deploys the real life scenario which will be based on a smart indoor environment which is deployed in the University of Wales Trinity Saint David. 
The authors final approach of the outcome of the project is to utilise a set of test to check the integrity of the network and to understand if the produced network meets the standards of the project objective and aims. The author also runs alternative test to check the overall evaluation of the network and physical devices if there are compatible with the given behaviours and network protocols. 
The author finally finishes the project and outlines an entire chapter on the conclusion of this project to understand what has been proposed in the entire report. The author also uses the conclusion chapter to justify if the project aims and objectives have been met.
To the completion of this project the author understands that the created experiments and conducted research has helped the success of this project. The author believes if there were no limitations found during the process of the project the entire project could of even have been completed in extended study of the expected outcome.

6.2  Recomendations for further research
The research that has been conducted has many possibilities for further research.  The author gives a brief idea on where to focus on the studies to maintain a developed research paper.  The author has identified multiple study areas that requires more research to be gathered to extend the authors knowledge and to have better a better desirable outcome. The first area of approach that the author requires more focus is on WSN within smart technology field, the author understands that he does not understand the full ability of WSN with IoT devices. The author was, however, able to utilise a smart classroom with the use of WSN and IoT devices in a classroom at the University of Wales Trinity Saint David. To support a stronger outcome of the project outcome, future work will be required to be taken on the understanding and operations of simulation tools. The final area the author will need to focus on for further research is on the physical deployment of the project, the author will need to focus on the how to implement is own application based cloud service to enable further services and features.
Chapter 7 – Reflection
7.1 introduction

This chapter is used to help understand what I have learnt and how I can acknowledge the new skills, I have gained knowledge about. I also have to understand the importance in using my newly learnt knowledge within future academic work or for the use of my future occupation. I have given a brief explanation on the skills enhancements I have acknowledge in the process of developing this project: 
· Time Management – I have learnt that time management is a key element to ensure a successful piece of work. I am however satisfied that I have used appropriate time management within the project.
· Proof Reading - I have understood that a paper could be proof read more than a couple times. I am pleased that I have spent enough time on proof reading to ensure my project is completed to my best ability.
· Making sure a back-up plan is used – on previous academic work I have completed I have never attempted to even formulate a back-up plan for worst-case scenario. However, for my project, I have ensured that I have formulated somewhat of a back-up plan to ensure the safety of the outcome.
7.2 Lesson learnt
· Time management 
· Proof reading
· Analyse and test simulation/practical deployments in good timing
· Relating data 
· Attend all weekly project supervisor meeting’s 
7.3 Thing’s that could be done differently

The first draft of the write up could have be completed a month prior or earlier, to ensure the outcome of the project is completed to my best ability. Other lessons I have learnt in the process of in developing the entire project is to ensure that the research sticks to the topic aim and objective throughout the whole structure of the report.
7.4 Barriers experianced

The academic barriers I have come across on the development of the project is the use of the Netsim Simulation tool, I was not able to add additional information and data to the simulation platform as I expected to do.
Additional barriers were lack of time management and the literature written. I was on doubt that I will not be able to complete the entire project on the required time and even if I was able to complete my academic was not completed to my best ability.

7.5 positives

Throughout undertaking my project, I came to find a sense of appreciation for taking on an extensive academic project, even though there were numerous challenges associated such as practical and simulation deployment. The intellectually demanding feat of writing such an extensive piece of work has also instilled in me a belief that I can overcome greater obstacles in the future, inspiring me to further pursue a career within my field. 
7.6 guidance to the future student’s

· Plan ahead to ensure that time management is appropriate

· Ensure that you enjoy your topic

· Ensure full attendance with supervisor meetings

· Don’t hesitate to ask for help

· Use a logbook to log all work completed in the process
· Try alternate routes to achieve the success of your work

7.7 summary

The overall outcome of this project has let me gain extensive knowledge and let me feel the achievement of completing a large academic paper. I have realised that this project has helped improved my better understanding on what is expected of on an academic paper which helped me to understand to focus more on self-learning while in the process of completing the work. This project has helped me to see a stronger understanding on how an academic project should be completed even though I have done previous projects none has improved my understanding as much as my major project for my bachelor’s degree. I am pleased to have completed this work in a suitable manor and to the best of my abilities. I look forward in using the new skills I have learnt for future academic references and my future career.
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Chapter 10 - PROJECT MANAGEMENT
10.1 Overview 

Prior to the begging of the beaginig of this project the author was required to propuse a gantt chart with of expected deadline to reach to manage time accordingly to ensure the author performs to its best ability. During the process of the devolpment of the project the author has come across time collison due to unexpected and unforseable reasons which has altetered the dates of the deadlines. The author shows information and comparison in regards to the first propused gantt chart and the second gantt chart design propoused, after the alterations of the dates.
10.2 First Gantt 
The gantt chart provided shows the production of the first draft of producing a time deadline for specific areas of the project. The author implements these deadlines to himself prior on starting the project to ensure that the all aspects of the project are completed with in a timely manner. Figure 35 and 36 shows evidence of all the areas that will needed to be completed by the deadline of the project. However, due to unforeseeable issues produced accordingly through the academic year the author was not able to meet the deadlines that were required therefore the author produces an up to date gantt chart again with altered deadlines to avoid collision with other academic modules.
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Figure 35 - First Draft of Gantt Chart (1)
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Figure 36 - First Draft of Gantt Chart (2)

10.3 Final Gantt chart Design
This field is for the pupouses to show evideance of the up to date gantt chart which has been altered in deadlines to suppourt the author in the completion and to ensure a succesful outcome of entire project. The auhtor shows on figure 36 and and 37 the addiotnal aletartions done in comparison to complete the work to the best of his ability.
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Figure 37 - Final Gantt Chart (1)
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Figure 38 - Final Gantt Chart (2)
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