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Abstract/Synopsis

This Report aims to investigate GIS and the application of GIS in transportation. Research will be carried on these topic in order to have a better understanding of the application of GIS in transportation. This research is being carried out to aid the development of a transportation application that can be used by students to travel around the city. The application that will be developed will be student friendly.  Using the findings of the aim will be to carry out a design on an application that focuses on the public buses of Swansea will be created. To assist in the development of the application I will look to carry out some interviews with students that use public transport. Following the design of the application I will attempt to create a prototype of the  application with the resources that are available to me. When the application development process has been done I will look to reflect upon it and make recommendations of how I would change what I have done in the future. 
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[bookmark: _Toc513123427]Introduction 

Travelling is a big part of a university students life, for students that come from other cities, countries or different parts of the world. The students that come from different places have to adjust to the place where they are studying as they are not familiar with the place. They will come across different challenges when it comes to travelling into their university or even just around the city. In terms of traveling some students drive, walk, cycle or take public transport. The use of public transport is popular among students when getting from point A to point B. This project is going to be focusing on the development of a GIS transportation application  that can be used by students to travel around their city of study. The development of this application will make it easier for the students that travel using public transport to get from one point to another. Prior to the development of the application a literature review will be carried out, this review will be looking at the different types of GIS Transportation applications and their uses in today’s society. The information gathered from the review will be useful in choosing which direction to go in when it comes to the development of the application. 

[bookmark: _Toc513123428]1.0 Review of Literature & Research

The purpose of this literature review is understand the basic concepts of GIS and its uses, as well as looking into GIS in transportation. This will give an idea of what GIS is, its benefits and how it is being used in today’s society. A review of the GIS applications in transportation will also be carried out to see how they have contributed to the world. 

[bookmark: _Toc513123429]1.1 What is GIS?

A Geographical Information System is a system that has been made to create, manage, analyse, apprehend, and display all types of geographical data mainly on a map. The data that is gathered using G.I.S is known as spatial data; this is data that is in some way referenced to the earth. The information given to us by Geographical Information Systems is very important as it helps us understand the geography that is around us and why it is important because is vital in our everyday lives. (1)

[bookmark: _Toc513123430]1.2 Basic uses of GIS

[bookmark: _Toc513123431]1.2.1 Mapping Data
The main focus in a GIS is to give the user a visual representation of data. There is an estimation that says that 80% of the data that we consider has some sort of geospatial element. GIS provides a means for that data to be put into a database and then it is shown visually in mapped format. By understanding where things are is one steps that leads to understanding spatial patterns and relationships. 

[bookmark: _Toc513123432]1.2.2 Proximity Analysis
This is a type of analysis where geographic features like points, lines, raster cell or polygons are selected based on the distance they have from other features or cells. (2)
This type of analysis is used by a mot of commercial organisations to look for sites that can be used for business outlets. The technique will look into different factors like the social and the economic demographic as well as looking for any competitor outlets. For the proximity analysis to be accurate the different themes that are used must all use the same referencing system or it will not be accurate. 

There are many questions that proximity analysis can provide the answer to and these are:

· What is the distance between point A and point B? 
· What is the average distance of one point from a set of other points or conditions?
· What is the closest point that takes the least time and cost it take to get to that point?
· How far are the points or edges of the nearest polygon? (3)

[bookmark: _Toc513123433]1.2.3 Buffering
A buffer is a proximity analysis that is used to make polygons on an indicated distance from the original geometrical feature. The output is a bigger area that surrounds and encompasses the feature. The output of a buffer is commonly used to identify or determine any feature that are inside a specific distance of a point, polygon or a line. An example of this could be to use a buffer in the creation of a circular area by putting a 1km distance around a retail store defining that region as local customers. In a lot of the GIS applications the buffer distance varies per feature. (4)
[image: Buffer examples in GIS.]
Figure 1: figure above shows examples of buffers in GIS.

[bookmark: _Toc513123434]1.2.3 Find Clusters

With the use of multiple algorithms it is possible to pick out a group of points that are unrelated on a theme that matches a set of criteria. A cluster can have members where the distance between them is less than a specific amount. A cluster also has areas when the density of some points is bigger than a specified level. Normally a GIS will need a number of levels of iteration before the precise algorithms are identified. (5)


[bookmark: _Toc513123435]1.2.4 Find Nearest
This is a technique that is used to measure the distances between one point and the edge of a certain element that has been defined as a polygon with the use of vector points. Nearest neighbour algorithms have been used in the intense research since the 1980s and new approaches were found by academics like Benezecri and Juan in 1982. The algorithm  focused on finding the points that were either maximal, median or minimal members of the data set. (5)

[bookmark: _Toc513123436]1.2.5 What’s In the Area?

This is a basic analysis which enables a given area from one later to be overlaid onto other themes. An example of this would be looking for the type of soil that can be found on school grounds or they type of industrial uses that the area has been out into over the past. (5)

There are two ways when carrying out this type of analysis: 
· Feature overlay – this a technique that is simples when a single or multiple point are put into an area
· Raster overlay – a technique that works best when characteristics of multiple themes have to be examined because each area has a reference and is combined on a grid basis (5)

[bookmark: _Toc513123437]1.2.6 Location Analysis 

A technique that works best if it’s used to find a location for a new retail outlet. This technique has been created from theoretical methods used to explain observed conditions to an algorithm for identifying optimal locations. The algorithms used focus mostly on either maximal, median or minimal members of a given data set.  (5)

[bookmark: _Toc513123438]2.0 The Advantages and Disadvantages of GIS Technology

There is a lot of data that can be displayed and inventoried using GIS. It could all be from things like natural resources, wells, springs, water lines, fire hydrants, roads, streams and houses as well. The quantities as well as the densities of a certain item inside a specified area can be displayed and calculated. There many more things that GIS technology is capable of doing. (6)

[bookmark: _Toc513123439]2.1 Advantages

· GIS can be used to visualise spatial information. It has the power to develop maps from the images that are shown. It can also provide answers for the problems as well as being able to model seismic activity precisely. (7)
· GIS offers better decision making. GIS plays a big role in making good decisions about a location. There are many examples like real estate site selection, route/corridor selection, planning, zoning, conversation and natural resource extraction. A lot of individual are starting to see that making the correct decision about location is a strategic to the success of an organization. 
· Better geographic information recordkeeping. There a lot of organisations that are responsible for keeping authoritative records about the status and change of geography. The examples of cultural geography are zoning, population census, land ownership, and administrative boundaries. Physical geography examples include forest inventories, biological inventories, environmental measurements, water flows, and a host of geographic accountings. GIS gives a strong framework when it comes to the management of these types of systems with full transaction support and reporting tools. These systems are conceptually similar to other information systems in the sense that they work with data management and transactions, as well as standardised reporting of changing information like on maps for example. GIS are essentially different because of the unique data models and the numerous number of tools specialised for use in supporting GIS applications and workflows. (8)
· GIS can allow viewing, understanding, visualisation, questioning, and interpreting the data into many ways that can show the relationships, trends and patterns in the form of globes, maps charts and reports. (9,10)
· Better and more cost-effective plan citizens. Organisation, especially municipality face a lot of troubles in the economy. They have to keep on providing increasing communities with higher objectives of assistance, as well as dealing reducing the sources. GIS gives an efficient remedy to making the key resident serves better like permit/licensing, preparing, servicing, features control and trains and buses. (11)

[bookmark: _Toc513123440]2.2 Disadvantages of GIS

· The data used in GIS can cause a lot of problems. A lot of the data will be taken from maps of the past so this data might not be accurate, as well as the way that the features are represented from these maps in the GIS at the best will only be accurate as the original source. When its looked at realistically they likely to be worse because new errors are added when the data is captured or transcribed. A lot of clues about the accuracy of the original source will be lost when the data is captured. One of the obvious examples is that is ones of the features is symbolised by a crude, hand-drawn, thick line on a map that would rise questions about the accuracy. In the GIS it will come up as a digital line like any other. Less obvious, but equally important is the scale if the source map; a map is only ever accurate within the limitations of its scale. However in a GIS the user is able to zoom in or integrate data taken from maps with different scales. This asks more from the data than the original map or maps were designed to accommodate and this cause some inaccuracy, errors and misunderstanding. Historians will recognise the issues associated with the accuracy of transcriptions , GIS is particularly demanding of the accuracy of its source data. (12)
· GIS software is very expensive. It requires a large amount of data inputs for it to be practical to certain tasks, this makes it prone to mistakes. The software has a relative loss of resolution and it has violation of privacy. (13)
· There is some data that is impossible to analyse. With the data structures that are being captured or recorded being so complex in a GIS, some of the spatial data can be impossible to analyse and this leads to information being incomplete. The information that is captured within a GIS is analysed completely. 
· It can be very long and tedious when collecting, storing and analysing information using GIS making it time consuming. I could take some time to acquire complete information regarding a specific set of data because of the vast amount of the data that is available. (14)

[bookmark: _Toc513123441]3.0 GIS in Transportation

GIS for transportation otherwise known as GIS-T covers how different kinds of transportation make use of GIS. These systems can assist in the planning, management, evaluation and maintenance of  various transportation organisations. (15)  GIS-T has evolved over the years and this can be put into three different categories: the map view, navigational view and the behavioural view. The map view tends to be in favour of the applications to do with inventory and description, this leads to different question being asked about the accuracy and the interoperability. The navigational view alarms  the problems with the representation that is in relation to scale, along with the requirement for lane level connectivity. The foundation of the behavioural view is from the work of Hagerstrand, this looks at the transportation events as dynamic and occurring inside the large static transportation space. The correct representation of the behavioural view still haven’t been worked out. (16)

[bookmark: _Toc513123442]3.1 History of GIS-T

The use of geographic information systems in transportation goes back to the 1960s. There are many things involved in GIS, but one thing that has stayed consistent is the economies of scale that come from incorporating a number of processing functions around a well-defined-data structure that represents a single particular class of geographic data or more. For instance, one such structure is the familiar layer cake of a lot of co-registered representations of geographic variation over an area. If every layer was to use an identical raster of rectangular grid cells, then a lot of useful operations would be achievable like arithmetic combinations of layers. This construction underlies a lot of the software packages that have arisen over the last 30 years for image processing and raster GIS, this is the basis for Tomlin’s Map Algebra and image algebras. 

The first ever uses of the term geographical information systems are been lost in time, even though a number of excellent histories of the field exist nowadays. It has been brought to light that a lot of the initial drive came from a group of graduate students in quantitative geography at the University of Washington in the late 1950s. One of these students was Duane Marble, she moved to Northwestern University later on and she created a type of GIS that supported transportation studies in the areas of Chicago. 

The research of transportation needs a number of models and kinds of analysis, however it uses a comparatively small number of types of data, quite a large amount of these have some kind of geographic reference. After sometime, the interest of the census bureau in the managing data led to the development of the DIME structure and later on TIGER. These were ways of representing street networks with a great amount of internal consistency. (16)

[bookmark: _Toc513123443]3.2 The Geography of Transportation Systems

Along with a number of potential applications GIS can be applied to, transportation issues  have gained a vast amount of attention. The research on GIS-T can be approached from two separate directions. There is some GIS-T research that looks at the problems of how GIS can be enhances and further developed so that it meets the requirements of transport applications, the other research looks at the questions of how GIS can be used to expand and facilitate the transportation studies. 

Generally the topics that are in relation to GIS-T studies can be put into three different groups: Data Representation, Analysis and Modelling and Applications. (17)

[bookmark: _Toc513123444]4.0 Data Representations 

This shows how different components of a transport system can be presented in a GIS-T. How data is represented in one of the main topics of GIS. Prior to being put in use to solve real world problems, data needs to be presented properly in a digital computing environment. A unique feature that GIS has is that it is capable of integrating spatial and non-spatial data so that is able to support the needs of the display and analysis. A number of data models have been created for GIS. There are two basic approaches which are object based data models and field based data models. (17)

[bookmark: _Toc513123445]4.0.1 Object Based Models

An object based data models handles the geographic space as populated by discrete an objects that can’t be identified. Quite often the features are represented as points, lines and polygons, this was shown in Figure 1 earlier on in the review. (17)

[bookmark: _Toc513123446]4.0.2 Field Based Models

The other approach is a field based data model and this handles geographic space populated by real world features that vary continuously over space. These features can be shown as regular tessellations like raster grids for example or irregular tessellations e.g triangulated irregular networks. (17)

[bookmark: _Toc513123447]4.0.3 GIS-T Data Representation Continued

GIS-T studies have acquired both object based and field based data models to show the relevant geographic data. Some of the issues involving transportation tend to fit better with one kind of GIS data model than the other. An example would be network analysis, it represents a network as a set of nodes interconnected with a set of links based on the graph theory. However the object based GIS data model is better for these types of transportation applications. There are other types of transportation data that exist and they need extensions to the general GIS models. A popular example of this is linear referencing data, an example of linear refencing would be highway mileposts. A lot of the tome transportation agencies measure locations of features or events along transportation network links. An example would be if an happened at a specific milepost on a specific highway. There are two different types of linear referencing, a one dimensional linear referencing system an example of this would be the linear measurements along a high way segment with respect to a starting point of the highway which is pre-specified. One dimensional linear referencing can’t be properly handled by the two-dimensional cartesian coordinate system that is applied in a lot of the GIS data models. Accordingly, the dynamic segmentation data model was created in order to address the specific need of the GIS-T community. (17)

Origin Destination or O-D flow data is another kind of data that is often used in the studies of transportation. This type of data has been shown in the past in matrix forms, this is a two dimensional array that is used to analyse. The relational data model that is used in a lot of commercial GIS software doesn’t give the right support for managing matrix data. There is other GIS software that have created additional formats of files and functions that users can work with in order to use matrix data in a GIS environment. Conventional GIS methods can be extended and enhanced for them to reach what is required of transportation applications. When add-ons were created for GIS software packages show a way that specific methods and models can be used in packages that are already there. (17)

The creation of enterprise and multidimensional GIS-T data models have gotten a lot of attention. The successful GIS deployments that occur at enterprise level require further considerations in order to embrace the diversity of application and data requirements. An enterprise GIS-T model is planned to enable the individual application groups to meet the requirements and at the same time allowing the enterprise to integrate and share data. (17)

Modern information and communication technologies like the internet and mobiles phones have changed the way that people and organisation go about their activities. The way that modern ICT has changed has led to changing spatio-temporal traffic patterns. The world has transformed into more mobile and dynamic because of modern ICT. The progressions that have been made by location ware technologies like GPS, Mobile Phone tracking system, and Wi-Fi positional systems have made it affordable and possible to collect large amounts of data on a dynamic level. The best way to show and manage dynamic data of things like people, vehicles or shipments in a GIS environment has put up new research challenges to GIS-T. These challenges will be a problem when dealing with big data problems. (17)

[bookmark: _Toc513123448]4.0.4 GIS-T Analysis and Modelling

GIS-T applications have benefited from a lot of the basic functions like query, geocoding, buffers and overlays. This is all to support data management, analysis, and visualisation requirements. Similar to other fields, transportation has created its own analysis methods and models. Examples of these would be shortest path and this can be used by a travelling salesman and routing algorithms can be used for vehicle routing problems. The basic transportation procedures that can be like shortest path finding. This can be found in the commercial GIS applications. Shortest path finding can also be used in the application that is to be developed from this project. It can be used by a user to find the shortest that to the nearest bus stop. (17)

[bookmark: _Toc513123449]4.0.5 GIS-T Applications
Over the years GIS-T have transformed dramatically. Not so long ago GIS was mainly being used in single applications. Looking at it now it has changed into serving enterprise wide information through applications on different platforms. As well as GIS-T applications, GIS application development has also grown over the years. The growth of the web based GIS application has also increased significantly. (18) A lot of GIS application have been created at a number of transportation agencies and private firms. They cover a lot of the broad scope of transportation and logistics, this includes things like infrastructure planning and management, transportations safety analysis, traffic monitoring and control, fleet management and many more. Every single one of these application would have their own specific data and analysis requirements. An example would be showing a street network as centrelines could be sufficient for transportation planning and vehicle routing applications. Whereas a traffic engineering application would need a lot more detail on the representation of every single traffic line. Turn movements at intersection would be very important for a traffic engineering application but it wouldn’t be to a regional travel demand study. Internet and wireless communication is rapidly growing and there are many internet based GIS-T applications that are available. The application that are very common are the ones for driving directions. GPS navigation systems can be found in vehicles already built in. They can also be found on mobile devices like smart phones and tablets. These devices can offer real time traffic information and provide location based services. (17)

LBS or location based services, is a software application that can be used by an IP- capable mobile device that needs information about the devices location. Location based services provide the user with information like where the nearest ATM is and they can also deliver information to the user about the shops they are close to giving them the coupon and sales available. (19)  In the application that is to be developed from this project location based services are going to be playing a big part. They are going to be used to mark where the user is and how they can get to their desired destination. 

[bookmark: _Toc513123450]4.0.6 Research Summary

The research gathered will be very useful in the following stages of the report. The information gathered has brought many ideas to light for which way to carry out this project. At the beginning of the review there is information on GIS and the basics of GIS, this research was carried out in order to have a better understanding of the topic. By having a better understanding of GIS and its basics allowed me to go on to the next topic of GIS transportation without getting confused from the terminology used. The next topic I looked into were the advantages and disadvantages of GIS. The purpose of researching this topic was to enable me to be make full use of all the advantages of GIS when it comes to designing and developing the application and avoid the disadvantages. After this topic I started looking at GIS in transportation. At the start of this section I looked at how GIS is applied in transportation before moving on to the history of GIS-T. 
Looking at the history allowed me to see how far that GIS-T has come and the changes that have happened over the years. After the history I looked at the different categories of GIS-T which were: Data Representation, Analysis and Modelling and Applications. All of those were found on the same website as I struggled to find another article on the topic of GIS-T that has that went into depth. 



[bookmark: _Toc513123451]6.0  Research Methodology

This section focuses on the research strategies and outlines the research techniques used to address the research aims and objectives. The research methodology will focus on areas like the research philosophy, research approach and research strategies. To understand he various stages involved in a researcher developing effective research methodology the next sections will look at how the philosophy, approach and research strategies can influence the researcher’s studies. 

[bookmark: _Toc513123452]6.1 Philosophy 

Research philosophy works with the nature and how knowledge has developed. Research philosophy is belief about the approaches on how data regarding a phenomenon should be collected, analysed and used. The research philosophy allows one to make a decision on which approach to take when researching and why. This is all derived from the questions of the research. There are critical assumptions that are found within the research philosophy and they explain the view of the researcher regarding the world. These assumptions will play a part in deciding the research strategy and the methods of that strategy. (20) 

Carrying out any research is the importance of a researcher setting out the paradigm, this all depends on the philosophy is chosen to carry out the research. Paradigm is a view that has stances in adopted ontology, epistemology & methodology as shown in ‘Figure 2’ below
[image: /var/folders/zx/5vhmj0v57cj1w6_4lyr0wl7c0000gn/T/com.microsoft.Word/WebArchiveCopyPasteTempFiles/research-Paradigm-page0001.jpg]
Figure 2: Research Paradigm
Source: http://salmapatel.co.uk/academia/the-research-paradigm-methodology-epistemology-and-ontology-explained-in-simple-language 

Having looked at the different philosophies the one best suited for this project would be the best paradigm for use would be the pragmatism approach. The reason the using this approach would be because as stated in the table this method would solve problems. Making changes is the main of the project in order for students to have a better travelling experience so the pragmatism philosophy would be best suited for this type of study. This philosophy also focuses on the problem rather than focusing on the reality or the truth. Pragmatism is not focused on one system or philosophy and reality so it allows the research to take both the quantitative and qualitative approaches when its being carried out. (22)

[bookmark: _Toc513123453]6.2 Approach

The best way to approach this would be a deductive approach, deductive reasoning in the logical process where a conclusion is made based on a number of things that are assumed to be the truth. A Greek philosopher Aristotle who is known as the father of this reasoning used this as an example; all men are mortal, Socrates is a man, Therefore Socrates is a mortal. (21) In the case of my project the truth is that there are a lot of students that will potentially be using this application so it would be reasonable to make it possible for each student to have their own account on the application. This can be done by having a registration stem with in the application. 

[bookmark: _Toc513123454]6.2.1 Data Collection

In order to effectively address the research aims, interviews will be carried out with students that use public transport to get to university. These interviews will help in the design and development of the new system that is to be created because of the requirements of the users, which are the students.

[bookmark: _Toc513123455]6.3 Research Strategies

[bookmark: _Toc513123456]6.3.1 Literature Review

 A literature review is a documents that assists in the development of certain project by looking at other research that has been carried out in the same field. The sole aim of a review is to find theories that other researcher have found in the past regarding the same area of work. Carried out a review will help identify the advantages and disadvantages in the area of research and it will stop one from including the disadvantages in the development of their project. It also gives a better understanding of the subject because of all the research that is carried out. Looking at projects that are similar a comparison can be carried out to the project that is to be developed. For this project the literature review contains information on GIS and GIS in transportation then it looks at the different GIS transportation applications. 

[bookmark: _Toc513123457]6.3.2 Development 

The development stage is when a system is designed, created, tested, analysed and updated. Before the design stage a decision would need to have been made on the software that is going to be used in order to develop the application. In the case of this project I have decided to use the IDE software Visual Studio 2013. This software is able to create things like web site, we applications and web services. All the application created on here can be compatible on desktop, Android, and Apple devices. Visual Studio is one of the most feature complete and thought through IDEs as it support a numerous amount of programming languages and it is used by a lot of professionals coders and programmers in the world. There are many languages of code that are support by visual studio like Visual C++, Visual F#, JavaScript and Visual basic. The product was made by Microsoft which make it reliable, this it has professional support available when needed if any problems occur. (23) The languages and frameworks that I am going to be making use of are ASP.net webforms and C Sharp for the backend coding and MySQL for database operations. SQL is used to communicate with a database, it is the standard relational dataset management system. It capable of performing tasks like updating, editing and retrieving data from a database. (24) For the GIS side of the project I am going to be using Google Maps embed API which can provide a lot of useful features like displaying the routes in google maps with a target source and a known destination. Google maps API is an application developed by google that can be used for different methods and tools like building software applications that let you display maps on your website. (25) The design stage is when a rough look of the GUI is created in order to help get an idea of what it should look like. A design of the database will also be created and this will include a data dictionary as well entity relationship diagrams. The software will the begin the development stages which will include things like the coding and testing as its being created. The stage that follows after this would be these testing stage when all the elements of the website will be tested to see how the website application operates and if it meets the standards. After the testing some changes and correction of errors might need to be made. The final stage of the development will then be the analysis which will a write up that summarises the development process as a whole.
[bookmark: _Toc513123458]6.4 Feature Driven Development 
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 Figure 3: Feature Driven Development
[bookmark: _Toc500258904][bookmark: _Toc513123459]6.4.1  Build an overall model 
This part is an overview view of the whole project and it includes building an object model of what is going to be developed. A number of models can be created but a decision has to be made on which model is going to be used or it could be a combination of different models. (26,27)

[bookmark: _Toc500258905][bookmark: _Toc513123460]6.4.2 Make a feature list 
This part includes a list of features that are made that the system is going to have. These features might be the ones the customer are in need of, some that the system will need in order to function and the other others could be what the company wants. A lot of features should not take a long period of time to implement because if they do then there might be a need for them to be broken down into more features. (26,27)
[bookmark: _Toc500258906][bookmark: _Toc513123461]6.4.3 Plan by feature 

 This part of the process is when each feature is broken down into the order that they are being designed and developed in so that they are in then right order to avoid confusion when developing. Another thing that can be carried out early are the important features to get a skeleton running. As well as carrying this out  other features like the risks, complexity, dependency and team workloads need to be taken into consideration. (26,27)
[bookmark: _Toc500258907][bookmark: _Toc513123462]6.4.4 Design by feature 

This process is when people are tasked with starting to design the features which they are going to be designing in a way that the features are going to be made. (26,27)
[bookmark: _Toc500258908][bookmark: _Toc513123463]6.4.5 Build by feature 

 The last process of the  FDD is done after the design has been approved and then the system is then made. This process will done over and over until all of the features are built and put together. There would be a time that is set for each feature to be complete so for example some features might be given a week to be completed. (26,27)




[bookmark: _Toc513123464]7. DESIGN & IMPLEMENTATION

7.1 [bookmark: _Toc341174545][bookmark: _Toc371255555][bookmark: _Toc513123465]Introduction
This part of the report will look at the design and implementation process of the project. The problem that is to be solved is going to be outlined and a design of how this problem is going to be tackled will be created. The design of the user interface is also going to be created to have a rough idea of how it going to look. The things that will be taken into consideration when carrying out the design that things like the interface being user friendly and not too complex. 

7.2 [bookmark: _Toc371255556][bookmark: _Toc513123466]Problem Formulation
The problem that is being dealt with is a student bus system. This system will make it easier for student to navigate around their city of study. This particular system is going to be based around the city the city of Swansea. Starting off with the interface user interface is going of three main components which can be accessed from the main default page. These components consist of the following users; Student , Admin and Driver. 

Student : A student when logs into their respective component is shown a number of tabs on the left side of the page and a notification panel  is present in the centre of the page on which their respective bus driver can put notifications for them. The tabs on the left side allow students to go to other pages and access features such as Feedback, Register Complaints, View Pick and Drop Services. 











			    






















7.3 [bookmark: _Toc371255557][bookmark: _Toc513123467]Design
This section the report will look at the design process of the application that is going to be developed. As mentioned in the research section interview will be carried out on students to have the best system in place. The interviews will be carried out on the students that use public transport to travel around the city. After the interview have been carried out a database will then be designed ready for the implementation of the application. Screen designed will be created after the databases have been done. The screen design on the application will be a rough estimate on how the application is going to look. These screen designs can be found in the appendix section of the report



[bookmark: _Toc513123468]7.3.1 Interviews

	
	Student 1: Tulani Mhlambo
	Student 2: Brian James Makwabarara
	Student 3: Ryan Thomas
	Student 4: Nigel Razunguzwa
	Student 5: Tino Macheva
	Student 6: Henry Myles
	Student 7: Tomas Hopkins

	Question 1. How often do you use public transport to travel?
	I travel almost every day to university and other places in the city
	Quite often around the city
	I travel by bus a lot but cycle sometimes
	I travel to university and the library a lot 
	I travel to uni on a daily basis 
	A lot I rely on buses to get me around
	In a week I’d say about four to five times

	Q 2. Would you like to see a system in place for students that use public transport?
	Yes I think that would be an excellent idea.
	Yes that would be really helpful I think
	Of course that would be great.
	Yes, that would be ideal
	Yes that’s a great idea
	Yes 
	Yes, it would useful for many students

	Q 3. What would you include on an ideal student bus application?
	I would like to be notified when a bus is going to be late that way I know if I will get to my destination in time. 
	A way to navigate to the nearest bus stop because I’m new to this city and sometime I don’t know where I am going.
	I’d like to be alerted when my bus is going to be late 
	An way to see the closest bus stop that leads to where I am going because I’m new to the city 
	Rating your journey after completing it
	I’d like to know when a buses will be late
	Buses always seem to be late knowing that would be good

	Q 4. What would you say is the biggest problem right now with the buses?
	There are many buses now that are constantly late.
	Some buses never show up
	Some of the buses aren’t tidy inside
	Buses are often late
	Some drivers drive dangerously
	Buses are late a lot
	Late buses

	Q5. How is the current system for buses that is in place right now?
	There is an app that just shows timetables but it’s not much help
	I was shown the First Cymru App it can useful
	I have tried using it but it was too complex for me 
	It’s okay but could be better
	Yes but there could be some improvements
	I have tried using it but it’s not that good
	It’s too complex for me 

	Q6. What changes would you make to that system?
	If there was a way to have your tickets on your phone that would be good rather that carrying around a small ticket which is easy to lose
	I would like to see an area where you can make complaints on the application because of the treatment some of the drivers give to their customers.
	Make it easier to use 
	I’d like a way of know when my bus is going to be late
	Add a way to pay for the bus on my phone
	Mobile tickets for Single and Days
	A way to be notified when a bus is going to be late.










[bookmark: _Toc513123469]7.3.2 Data Dictionary

[bookmark: _Toc513123470]Student Table

	[bookmark: _Toc513123471]P/F
	Entity
	Data Type
	Description
	Size

	P
	StudentID
	Auto
	ID of the student
	10

	
	Student Number
	Varchar
	Number allocated to student
	7

	
	First Name
	Varchar
	First name of the student
	30

	
	Last Name
	Varchar
	Last Name of the student
	30

	
	Email
	Varchar
	Email address of the student
	20

	
	Password
	Varchar
	Password of the student
	20


Admin Table


	P/F
	Entity
	Data Type
	Description
	Size

	P
	AdminID
	Auto
	ID of the student
	10

	
	First Name
	Varchar
	First name of the Admin
	30

	
	Last Name
	Varchar
	Last Name of the Admin
	30

	
	Email
	Varchar
	Email address of the Admin
	20

	
	Password
	Varchar
	Password of the Admin 
	20

	F
	StudentID
	Int
	ID of the student
	7

	F
	BusID
	Int
	ID of Bus
	7

	F
	DriverID
	Int
	ID of driver
	7






[bookmark: _Toc513123472]




Bus Driver Table

    
	P/F
	Entity
	Data Type
	Description
	Size

	P
	Bus Driver ID
	Auto
	ID of The Driver
	10

	F
	Bus ID
	Auto
	ID of the bus allocated to driver
	7

	
	First Name
	Varchar
	First name of driver
	30

	
	Last Name
	Varchar
	Last name of driver
	30

	
	Email
	Varchar
	Email address of the driver
	20


 
Bus Table

	P/F
	Entity
	Data Type
	Description 
	Size

	P
	Bus ID
	Auto
	ID of the bus
	10

	
	Bus Number
	Int
	Number allocated to the bus
	10

	F
	DriverID
	Varchar
	ID of the driver driving the bus
	10

	
	
	
	
	



Entity Relationship Diagrams
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7.3.3 Sign In Pages 

The first page that the user will see is the sign in page, this is the page when the users will be able to enter their credentials in order to get to their profiles. The sign in page user inter face will be the same for the Admin and the Bus drivers.

[image: ]
Figure 4: Student Sign In
[bookmark: _Toc513123474]7.3.4 Student Registration

If the student doesn’t have an account then they are able to register by clicking the register page as shown in the image above. The register page is where the student will enter their credentials like the StudentID, Email, Full Name and password in order to create their account. The image be low shows a design of the student register page. 

[image: ]
Figure 5: Student Registration Page

[bookmark: _Toc513123475]7.3.5 Student Account


Having done a lot of research  in regard to this project there are many ideas as to how to design the web application. In the literature review I looked at many things regarding GIS in transport. In the section about the basic uses of GIS I look at how GIS is able to look at what is in the area. I am going to be inserting a map into the website application using API and this will allow the user to look what is the area. Using this I will be look for the bus stops around that area so that when a student uses the application they are aware of the bus stop that is closest to them. This also cover the parts of ‘Finding Nearest’ and ‘Location Analysis’ that were mentioned in the review. The use of API also links back to the review because of proximity analysis. Proximity analysis in GIS allows a user to see the distance between point A and point B. This will be used by a student when they select their pickup point and drop off point where they will be provided with the distance it will take as well as the time it’s going to take to reach their destination. Also in the student account the user will be able to pay a fee of their bus using their account. A student will also be able to provide feedback on their journey after they have completed it. The student should Also be able receive notification when a bus is going to be late. If a student has any complaints they will also be able to register those complaints and receive feedback on them. Figure 6, 7, 8 ,9 and 10 in the appendix.

7.3.6 Driver Account

Again same Graphical User Interface  as the other two components and driver can access his features by going to other pages in the component. The driver will have the ability create notification and send them to the students when a certain bus is going to be late. The driver will also be able to see their schedule when they sign in to see which places they have to be and what time.  Figures 11 and 12 in the appendix.

7.3.7 Admin Account
The admin will have a similar sign in Graphical User Interface as the student and can click on the tabs on left to go to other pages and perform tasks such as Creating new driver accounts, Responding to complaints, reading feedback of the students, Creating, Deleting and Modifying trips. They will also be able to allocated drivers with buses as well as changing buses for the drivers. Figures 12, 13, 14,15 and 16 in the appendix. 


7.4 [bookmark: _Toc371255559][bookmark: _Toc513123476]Conclusion
Now that the designs have been completed the implementation of the application can start. Using the information from the interviews, it was possible to start forming a database design and the screen designs. Using the everything that has been gathered up until this stage it is now possible to start creating the web application. 

[bookmark: _Toc513123477]8.0 Testing and Evaluation
In this section of the report tests will be carried out on the web application to see which areas of the application are functional and which aren’t. When a test has failed it will be looked into to see if there is a solution to the problem. If there isn’t a way to solve the problem then the test will be left as fail. After all the testing has been carried out at the end there will be an evaluation that will reflect on the testing stages of the application.

[bookmark: _Toc513123478]8.1 Register Page

	Test Number
	Description
	Action
	Expected Result
	Actual Result
	Pass/Fail

	1
	Seeing if the user is able to enter information into the text box
	Enter a name into the “Full Name” text box
	Able to enter information into text box
	Able to enter information into text box
	Pass

	2
	Seeing if the user is able to enter information into the text box
	Enter data into the “Student Number” text box
	Able to enter information into text box
	Able to enter information into text box
	Pass

	3
	Seeing if the user is able to enter information into the text box
	Enter data into the “Email” text box
	Able to enter information into text box
	Able to enter information into text box
	Pass

	4
	Seeing if the user is able to enter information into the text box
	Enter a data into the “Password” text box
	Able to enter information into text box
	Able to enter information into text box
	Pass

	5
	Seeing if the user is able to enter information into the text box
	Enter data into the “Confirm Password” text box
	Able to enter information into text box
	Able to enter information into text box
	Pass

	6
	User not able to see password when it has been entered
	Enter data into the “Password” text box
	Password doesn’t show
	Password doesn’t show
	Pass

	7
	User not able to see password when it has been entered
	Enter data into the “ Confirm Password” text box
	Password doesn’t show
	Password doesn’t show
	Pass

	8
	After filling out text boxes submit the student information
	Fill out all the text boxes with relevant data and click submit
	Goes back to the sign in page
	Goes back to the sign in page
	Pass

	9
	Enter an invalid student number that doesn’t start with the letter “i” followed by 5 numbers.
	Fill out all text boxes with correct data part from the “Student Number” text box
	Doesn’t let user create student account
	Doesn’t let user create student account
	Pass

	
	
	
	
	
	



[bookmark: _Toc513123479]8.2 Student Sign In

	Test Number
	Description
	Action
	Expected Result
	Actual Result
	Pass or Fail

	1
	Seeing if the user is able to enter information into the text box
	Enter data into the “Student Number” text box
	Able to enter information into text box
	Able to enter information into text box
	Pass

	2
	Seeing if the user is able to enter information into the text box
	Enter a data into the “Password” text box
	Able to enter information into text box
	Able to enter information into text box
	Pass

	3
	Testing incorrect Student Number and Correct Password
	Enter an incorrect Student Number and a correct password and click submit
	Error message appears 
	Error message appears 
	Pass

	4
	Testing correct Student Number and incorrect password
	Enter correct Student Number and incorrect password and click sign in button
	Error message appears
	Error message appears
	Pass

	5
	Testing correct Student Number and Password
	Enter correct Student Number and Password
	Goes to the student home page
	Goes to the student home page
	Pass




[bookmark: _Toc513123480]8.3 Student Dashboard 

	Test Number
	Description
	Action
	Expected Result 
	Actual Result
	Pass or Fail

	1
	Home page notification page visible
	Navigate to the home page to see if notification board is visible
	Notification board visible
	Notification board visible
	Pass

	2
	Navigate to Pay fee Page
	Click Pay Fee on the navigation bar
	Page opens
	Page opens
	Pass

	
	Testing to enter a fee into the text box
	Enter a value into the text box 
	Able to enter data into text box
	Able to enter data into text box
	Pass

	3
	PAYING FEE AFTER ENTERING
	Click pay fee button
	Message box saying fee paid
	No response
	Fail

	4
	Navigate to the Register Complaints Page
	Click “Register Complaints” on the navigation bar
	Page opens 
	Page opens 
	Pass

	5
	Test data entry into the complaints text box
	Enter data into the “Complaints” text box 
	Able to enter data into text box
	Able to enter data into text box
	Pass

	6
	Submit a complaint 
	Enter data into the complaints b and click submit
	Text box clears after submit button is click
	Text box clears after submit button is click
	Pass

	7
	View response from the admin
	Click view response button
	A box pops up with reply from admin
	A box pops up with reply from admin
	Pass

	8
	Navigate to the ‘Give Feedback’ Page
	Click ‘Give Feedback’ on the navigation bar
	Pages opens
	Page opens
	Pass

	9
	Does the drop down show the drivers?
	Click the drop down
	Dropdown show the drivers available
	Dropdown show the drivers available
	Pass

	10
	Ability to select Yes in timing question
	Select yes
	User is able to select yes
	User is able to select Yes
	Pass

	11
	Ability to select No in the time question
	Select No
	Use is able to select no
	User is able to select No
	Pass

	12
	Ability to select Yes on the Rules of the road question
	Select yes
	User is able to select yes
	User is able to select Yes
	Pass

	13
	Ability to select No on the Rules of the road question
	Select No
	Use is able to select no
	User is able to select No
	Pass

	14
	Ability to select Yes on the Speed question
	Select yes
	User is able to select yes
	User is able to select Yes
	Pass

	15
	Ability to select No on the Speed question
	Select No
	Use is able to select no
	User is able to select No
	Pass

	16
	Ability to select excellent on the condition of the bus question
	Select excellent 
	User is able to select excellent 
	User is able to select excellent
	Pass

	17
	Ability to select moderate on the condition of the bus question
	Select moderate
	User is able to moderate
	User is able to moderate
	Pass

	18
	Ability to select poor on the condition of the bus question
	Select poor
	User is able to select poor 
	User is able to select poor
	Pass

	19
	Ability to select Yes on the reaching class on time question
	Select yes
	User is able to select yes
	User is able to select Yes
	Pass

	20
	Ability to select No on the reaching class on time question
	Select No
	User is able to select no
	User is able to select No
	Pass

	21
	Ability to enter into the Comments text box
	Enter data into the text box
	Able to enter data
	Able to Enter data
	Pass

	22
	Clicking submit after filling out form
	Click submit
	Form clears
	Form clears
	Pass

	23
	Navigate to pick up and drop off points page
	Click Pick and Drop Services on the Navigation Bar
	Pages opens
	Pages Opens
	Pass

	24
	View the schedule of the buses  
	Click view schedule
	Table appears show the times of the buses from different areas
	Table appears show the times of the buses from different areas
	Pass

	25
	Bus number dropdown list 
	Click the dropdown list
	Drop list of the buses appears
	Drop list of the buses appears
	Pass

	26
	Selection of a pickup point.
	User selects pickup point from the list
	The selection is locked in
	The selection is locked in
	Pass

	27
	Selection of a drop point.
	User selects drop point from the list
	The selection is locked in
	The selection is locked in
	Pass

	28
	Confirmation of the two places selected by user
	Click confirm 
	Maps shows the route that the bus will take
	Map shows the route that the bus will take
	Pass

	29
	Logging out of the student account
	Click Logout
	Takes user back to the Sign In Page
	Takes user back to the Sign In Page
	Pass



	Test Number
	Description
	Action
	Expected Result
	Actual Result
	Pass or Fail

	
	Seeing if the user is able to enter information into the text box
	Enter data into the “Name” text box
	Able to enter information into text box
	Able to enter information into text box
	Pass

	
	Seeing if the user is able to enter information into the text box
	Enter a data into the “Password” text box
	Able to enter information into text box
	Able to enter information into text box
	Pass

	
	Testing incorrect Name and Correct Password
	Enter an incorrect Name and a correct password and click submit
	Error message appears 
	Error message appears 
	Pass

	
	Testing correct Name and incorrect password
	Enter correct Name and incorrect password and click sign in button
	Error message appears
	Error message appears
	Pass

	
	Testing correct Name and Password
	Enter correct Name and Password
	Goes to the Driver home page
	Goes to the Driver home page
	Pass


[bookmark: _Toc513123481]8.4 Driver Sign In


[bookmark: _Toc513123482]8.5 Driver Account

	Test Number 
	Description
	Action 
	Expected Result 
	Actual Result 
	Pass or Fail

	
	Navigate to Change Trip Page  
	Click change trip on the navigation bar
	Change trip page opens 
	Change Trip page opens
	Pass

	
	View the bus schedule
	Click View Bus Schedule button
	Bus Schedule table opens 
	Bus Schedule table opens
	Pass

	
	Request for bus change 
	Click Request Bus Change Button
	Bus change Dropdown Opens
	Bus change Dropdown Opens
	Pass

	
	Navigate to notifications page 
	Click “notify Time’ button on the navigation bar
	Notifications Page opens
	Notifications Page opens
	Pass

	
	Enter notification into text box and submit notification
	Enter message and click submit, then sign into a student account to see if message has been received
	Message shows on the students notification page 
	Message does not appear on the students notification page
	Fail
























[bookmark: _Toc513123483]8.6 Admin Login

	Test Number
	Description
	Action
	Expected Result
	Actual Result
	Pass or Fail

	1
	Seeing if the user is able to enter information into the text box
	Enter data into the “Name” text box
	Able to enter information into text box
	Able to enter information into text box
	Pass

	2
	Seeing if the user is able to enter information into the text box
	Enter a data into the “Password” text box
	Able to enter information into text box
	Able to enter information into text box
	Pass

	3
	Testing incorrect Name and Correct Password
	Enter an incorrect Name and a correct password and click submit
	Error message appears 
	Error message appears 
	Pass

	4
	Testing correct Name and incorrect password
	Enter correct Name and incorrect password and click sign in button
	Error message appears
	Error message appears
	Pass

	5
	Testing correct Name and Password
	Enter correct Name and Password
	Goes to the Admin home page
	Goes to the Admin home page
	Pass



[bookmark: _Toc513123484]8.7 Admin Account

	Test Number
	Description 
	Action
	Expected Result
	Actual Result
	Pass or Fail

	1
	Navigate to read feedback page
	Click read feedback button on the navigation bar
	Read feedback page opens
	Read feedback page opens
	Pass

	
	View the feedback from the students
	Click view feedback button
	Table showing feedback from students opens
	Table showing feedback from students opens
	Pass

	2
	Navigate to the respond to complaints page
	Click Respond to Complaints button on the navigation bar 
	Respond to Complaints pages opens
	Respond to Complaints pages opens
	Pass

	3
	View the complaints submitted by students 
	Click View complaints button
	Table showing the complaints opens 
	Table showing the complaints opens 
	Pass

	4
	Respond to a complaints made by a student
	Enter information required into the text boxes and click the respond button
	Admin able to enter information in both text boxes and response is sent to student
	Admin able to enter information in both text boxes and response is sent to student
	Pass

	5
	Check to see if the student receives the complaint response 
	Sign into the student who was sent the response’s account 
	Message is received by student
	Message is received by student
	Pass

	6
	Navigate to the transit properties page
	Click ‘Set Transit Properties’ on the navigation bar
	Page opens 
	Page opens
	Pass

	7
	Add a trip to the bus schedule
	Enter details of the add trip section and click confirm 
	After confirming the table clears 
	After confirming the table clears
	Pass

	8
	Check to see if a trip has been added to the bus schedule 
	Log into a driver account and view the bus schedule 
	Bus schedule added to the table 
	Bus Schedule added to the table
	Pass 

	9
	Check to see if a trip has been added to the bus schedule 
	Log into a Student account and view the bus schedule 
	Bus schedule added to the table 
	Bus Schedule added to the table
	Pass 

	10
	Delete a trip from the bus schedule 
	Select and trip and click confirm to delete the trip
	Trip is longer in the drop down list 
	Trip is longer in the drop down list
	Pass

	11
	Check if trip has been deleted from the bus Schedules 
	Log into a driver account and view the bus schedule
	Trip is deleted from the bus schedule
	Trip is deleted from the bus schedule
	Pass

	12
	Check if trip has been deleted from the bus Schedules
	Log into a Student account and view the bus schedule
	Trip is deleted from the bus schedule
	Trip is deleted from the bus schedule
	Pass

	13
	Edit a trip 
	Select a trip to edit and confirm we all details have been entered 
	Table clears
	Table clears, but not all trips that are available are showing
	Fail

	14
	Navigate to the ‘Create Driver Accounts’ Page
	Click ‘Create Driver Accounts’ on the navigation bar
	Page opens
	Page opens
	Pass 

	15
	Create a new driver account
	Enter and name and a password for a driver and click create
	When driver is created their name should appear in the Allocate Bus dropdown  
	Name appears in the Allocate Bus dropdown  
	Pass

	16
	Allocate a bus to a driver 
	Select a drive and a bus number and click proceed to allocate that bus to the driver 
	Driver should then be allocated that bus on the bus schedule
	This part of the program doesn’t work
	Fail

	17
	View the drives bus requests 
	Click View Driver Request Button
	Table opens showing the Driver requests
	Table opens showing the Driver requests
	Pass

	18
	Logout of the Admin account
	Click logout
	Logs out of admin account and goes back to sign in page
	Logs out of admin account and goes back to sign in page
	Pass



8.8 Evaluation

After carrying out the testing of the application I am quite satisfied with the results as most of the website works and only a few things are not functional. I tried my best to fix the failed test but I just couldn’t find the problems within the code it would require more time for me to pinpoint the problems. This prototype could still use a little bit of work for before it is released into for public use. The design process of the was one of the more simple parts of the implementation of the web application, this is because I wasn’t aware of the amount of coding that would need to be done. When it came to the coding side of things that’s when I started to struggle mostly because it had been a while since doing any type of coding. After a while I started getting familiar with the software again and then coding side with a little help from friends. I came across many error when testing while coding, some of which took some time to fix and others were never fixed. When I was satisfied enough with the work I had done I stopped because a lot of the elements of the website were functional. There are a few things that could use some tweaking but most of the main parts are in working order.

9.0 Conclusions and Recommendations

9.1 Summary

There are many tasks that I have completed throughout this this report up to this point. In the first stages of the report I introduced the tasks I was going to carry out and gave an idea of how those tasks would be tackled. Following the introduction was the review of literature and research, this part of the report was very important because the information that I found in this area would have a massive impact on the success of the report. There is a lot of knowledge that I gain by carrying out the research which help me in the later stages of the report. In the research area of the report I came across different way that I could carry out research that would suit the type of task that’s at hand I looked at the different types of philosophies and approaches then made a selection of which one that was best for the project that was being carried out. There were different research strategies involved in the project where I described the task involved in a literature review and the development of the application, in the development section I mentioned the different tools that I was going to use. These tools ranged from the software and different languages of code that were going to be used. The design section came after the research where I carried out interviews to get the data to start designing the application. These interviews gave me an idea as to how to start designing and I started with a data base design which included data dictionaries and entity relationship diagrams. After the database designs I started making the screen designs and which can be found in the appendix section of the report. To go with the design I wrote up what the designs were going to do. After the design came the development of the application which went relatively well. As the application was being developed test were carried in order to see which areas of the application were functional and which weren’t. All this was logged into a test plan which was the following stage after the design. The testing went well with a lot of the application working to a good standard. An evaluation of the application was then carried out to point out the good and bad points found after carrying out the testing.  

9.2 Conclusion

Over the course of this project there are many problem that I have had to overcome to reach this stage. All the tasks that were carried out have allowed me to get to this point in the report where I am close to finishing. The main part of the project was the research because without it I would not have reached this point. The research opened my eyes to many ways that I could approach this project. Underpinning the research has also seen me gain knowledge in areas that I was so familiar with like the application of GIS in transportation. Th research made it easier when it came to the designing and developing of the application. I am happy to have gotten to this point in the project as it took a lot of work in order for me to do so. 

9.3 Recommendations

The research that has been conducted has many possibilities for further research. There is more research into the GIS-T applications that can be carried out because in this report there isn’t enough information on those. There are many areas within the application that could use some improvements. The errors in the application could also be fixed in order for the application to be available for use. This application can be moved from just student use to be used by all different member of the public. 


10.0 Reflections

Looking back on all of the things  I have achieved through out this project I am not entirely happy with the way I undertook it. At the very start of it all I was entirely sure what topic to base the project on which saw me change it over three times. When I finally decided what I was going to do it was almost too late because of the amount of time I had to complete it. Th research I carried out in my opinion I felt as if wasn’t enough because I didn’t get to cover all of the point I wanted to due time I had left to complete the project. I could have spent a little more time on the report but I focused more on the development of the application. However given the amount of time that I had left I am pretty satisfied with the work that I have done. In future I would allow myself more time to focus on the project and also seek help from the supervisor to point me in the right direction. The aim of the research was to investigate GIS and GIS-T in order to develop a transportation application for students to use. To some degree I met the aim but at the same time missing a few key points.
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Figure 6: Student Account Home
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Figure 7: Student Account Pay Fee Page
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Figure 10: Student Account Register Pickup Drop-off Page
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Figure 11: Driver Home Page
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Figure 12: Driver Bus Schedule Page
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Figure 13: Admin Home Page
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Figure 14: Admin Read Feedback Page
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Figure 15: Admin Respond to complaints page
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