[image: Image result for uwtsd]

Developing a Smart City Application for Swansea

By Thomas Gerwyn Evans

Supervisor: Susan Maw
Second Marker: Gaynor Thomas

Project submitted as part of the requirements for the award of BSc(HONS) Web Development

[bookmark: _GoBack]May 2019 
i

Abstract
The aim of this project was to research into smart city technology and apply the knowledge gained from that research into creating a smart application for Swansea. The application was intended to be a tool for safety as well as ease congestion in populated areas and cities. The research includes an extensive review of smart technology literature and a survey to possible users about the type of application they would like to see and would like to have access to. The research reveals interesting results which result in many of the requirements in the requirements analysis being different from what the aims and objectives may hint towards. The prospective users were more concerned on the state of public transport than what the author originally thought would be important to implement for the project. 
Once the requirements analysis had been altered after the results of the survey the application was created with mixed results with some sections being successful and some that would need revisiting before completion of the project. Problems with access to data would restrict a number of features originally proposed and time restrictions did not allow for some of them to be completely repaired.
Due to the time constraints once again the evaluation was pushed back to the point where it could not be completed as it was supposed to be and there for the evaluation suffered as consequence of that. Major findings in the research reveal that the more research is needed into making smart technology more accessible to the wider audience. A major conclusion also reveals that a different form of software and language should have been used from the beginning that could have led to a more successful project. Finally a reflection chapter reveal what the author felt was successful in the project and what was learned from the project on a hole.
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Introduction
To outline the goals for this project it’ll be important to outline the aims for the project before beginning it. Before setting these Aims and objectives it is important to outline the type of project that is to be conducted. Whether is to be a survey-based project or a development-based project. 
Aims
The aim of this project is to develop a program or application that can integrate with a smart city system and improve the quality of life of those who live in them by either reducing emissions in populated areas, reducing congestion, or improving safety in cities. The project could consist of creating an application similar to one studied in the literature section of this report now available in Japan. An application could be created to notify citizens of any disasters for example earthquakes or tsunamis or perhaps unnatural disasters. Like plane crashes or terrorist attacks. This app could use a mobile application as a platform to send notifications to warn people of an incoming danger. This application should be able to run off any network the mobile is connected to. This application could be written using the swift language for iPhone as a prototype or could be created on a webpage as to be available on multiple devices. The application should be designed based off of the needs of the potential users in the city of Swansea. 
Objectives
1. Research should be conducted to find and area of smart technology that can be expanded upon in the form of a piece of software that can be developed by the author of this report.
1. A survey should be conducted to help outline what kind of features could be implemented for some smart city software that can be applied to the Swansea area.
1. After research and the survey have been completed a requirements analysis should be completed before the application is developed.
1. An application should be developed that accompanies this report that should contain a set of features that are outlined in the requirements analysis. 
1. This report should allow for some form of evaluation regarding the final product of this project. This evaluation could be conducted in the form of a simulation of whatever the final application will be. Simulation could be conducted to identify flaws and areas that can be improved.
The remainder of this project will include a series of chapter following this. The next will be a review of literature as well as general research that has been conducted in the field already. Following this will be a research methodology where the research conducted will be addressed in order to come up with a solution to some of the problems that are found during the literature review. Once this section has been completed the implementation will begin. Finally there will be an evaluation chapter evaluating the application designed for this project and its execution and a chapter for reflection on the project that will contain recommendations for further research. 

Background Literature
The united nations in 2014 declared that the percentage of people living in urban areas had risen from 30% to 54% and predicted a rise to 66% living in urban areas by 2050[1]. These large numbers of people living in a concentrated area can lead to high levels of congestion and pollution. A smart sustainable city should be able to tackle these problems without hassle by being able to solve traffic problems as well as many others in order to sustain a high quality of life for its residents.
To improve resident safety and state of mind [1] suggested a method of IP announcements in were vulnerable people were given access to an online shopping system with items sourced from local shops. The residents were also asked to provide conformation of resident safety to avoid solitary death in the home. They also studied an incident in Japan were in the event of a natural disaster people would flock to a network source to access information and provide conformation of safety to relatives. Figure 1 shows us a diagram of the network sources that surrounded Mitaka station after the time of the great east Japan earthquake. In the same paper they suggested these networks and access to them could be a great platform for an early warning earthquake system. Figure 2 demonstrates a way in which a city-wide network could be used to deploy information on an incoming earthquake (Or any other predictable natural disaster) by using a series of network related outputs. By using their IP announcements, they could notify vulnerable people of any upcoming disasters.
One of the first steps towards creating smart cities was in 1996 where the US government passed legislation E911[2]. This encouraged mobile networks to locate emergency callers accurately. Unfortunately, cellular technology could not fulfil these demands, so operators began to make enormous strides towards advanced positioning methods. 
The Internet of things can be looked at as a form of smart cities. The internet of things essentially devices working together over a common network to complete goals.
Some claim [3] that the success of smart cities depends on the internet hook up percentage of the population of the city. For example [3] states that the Canadian city of Ottawa had 65% were as the US town of Blacksburg of 38,000 has 100% hook-up.
Figure 3 shows us the 4 main pillars for a smart city to work effectively.
Figures show [5] that the global smart city is estimated to be worth US$1.565 trillion by the year 2020. The same report also estimates a growth to 26 global smart cities by 2025 with 50% of those cities being in Europe and north America. With population in developed urban areas predicted to rise to 81% the article questions how governments will be able to maintain the high living standards that are available now. 
A large portion of what makes a smart city is the cities use of resources. [7] States that the largest concern when designing and developing smart cities is the growth of eco-cities that can conserve resources using modern ICT techniques. 
Figure 4 shows the peak of interest in smart cities starting in the year 2014. [7] Project that the interest will continue to rise till at least 2020 as the development or smart cities increases. 
[8] Suggests that the smart cities are an increasingly most viable solution to urban pollution problems. Companies such as IBM, Cisco, Microsoft, Siemens and Hitachi have set their sights towards developing services and products that could explicitly help develop urban infrastructure. With the help of open data these companies are helping develop mobile apps to assist the interaction between citizens and infrastructure networks.
To ease the effect of congestion and traffic issues Google, Volvo, Uber and Tesla are working towards urban mobility services such as autonomous cars that in turn could work with public transport. These services will be aided by the newly formed Sidewalk Labs started by Alphabet Inc. in 2016. [9]
It is states [10] that over 90% of cities with over 500,000 inhabitants in the EU are considered smart cities to some degree. The same report states the global smart technology is estimated that smart technology will be worth around £40 billion by 2020.
China are making large leaps towards smart cities with 192 projects approved in 2012 which will assist in the agricultural modernization as well as the informatization and informatization of these locations.
In their paper [12][ S.Pandey and A.L.Culen state that some forms of smart technology is intended to be “present-yet-absent” and should be continuously running and executing its purpose and should only be noticed when the user is interacting with its interface. In their paper they discuss smart surveillance cameras. They discuss machine learning and how the cameras can process the digital image and understand what it sees. The article shows an example in which the camera can tell and display a message describing what it is seeing. For example in the paper “A man sitting on a couch holding a Wii remote”.
Highland Illinois is facing a rise in the population of the elderly residents due to the amount of people over the age of 65 that are relocating to cities where smart services are available. The percentage of the population that is over 65 in is 16.5% as oppose to the national percentage of 13.3% [13]. This is blamed on the services available that allow the elderly to “age in place” with these services allowing the percentage of the population to have the ability to live at home safely and independently. Living in smart communities designed for the elderly is also reported to improve the quality of life for those living in them. This however can bring up some ethical issues where elderly using some of these technologies are constantly under surveillance. Although this is for their safety it could be considered a breach of their privacy and human rights as an extension of this.
With the growth of large cities and the amount of vehicles that are travelling into them every day smart parking is becoming even more important. [15] Defines smart parking as software that assists drivers to locate, reserve, and also pay for parking in large metropolitan areas. [15] Also suggests that changes can be made to the existing smart parking formula that can increase its efficiency and make the system more beneficial to its users.  The system Suggested proposes a new concept in where the parking decision is made by the system based on the customer’s needs rather than allowing them to park anywhere they like. This can insure that customers with lower mobility are given priority on spaces closer to the exit of the car park where the remaining spaces will operate on a first come first serve bases [15]. Figure 6 shows the traditional pattern for smart parking.
During a survey completed by [16] there were issues outlined by the general public that can be applied to smart technology. There are three major concerns the general public have, the first fear is hacking. This is a fear that many have when addressing many emerging technologies [16]. The second main fear that many have is the fear of embarrassment and the final fear is that marketing as many fear their data could be used to target them with advertisements [16]. 
[17] Discusses the importance of mobile apps when developing smart city software. And includes them as one of the key technological factors in Figure 7. The diagram also shows that the three main pillars to building a smart city are human, technological and institutional factors.
Social Media is a large tool fo5r smart cities. Figure 8 shows just how high the percentage of smart phones that use these applications. The diagram shows that 82% [18] use social media and 77% [18] use Facebook.
Some smart cities incorporate smart technology in their public transport with [20] using the technology to provide real time update travel time updates to their customers. [20] Report that providing the information to customers resulted in a rise in ridership as well as a rise in customer satisfaction. The same results were reported in a similar case study in Florida by [21]. 
In summary from what can be seen from the research conducted in this section although there has been a lot of research conducted that outlines the positives on using smart technology there is far less research that critically analyses the technology. Going forward in this project it will be crucial that research is conducted in a critical way.


Research and Development Methodology
For the purpose of this project the research methodology chosen is a Quasi-experimental approach to research [23]. This method will include a form of gathering data at the beginning of the project and then another form of data collection at the end of the project. 
This development methodology has been chosen as is has many advantages. Some of these include that it often does not require the time and logistical restraints associated with many true experimental designs [24]. This form of research be used for identifying trends from results. The results generated typically reinforce findings from case studies by conducting research that may lend itself to statistical analysis. There are many variations of experimental research and the researcher is able to alter the experiment while maintaining the validity of the research design.
The research method does have its limitations with the lack of random assignment into test groups being able to limit the generalizability of the results to a larger population. Statistical analyses may not carry any meaning due to no randomisation. This form of research also allows room for human error as a key role which will leave the validity of the research to be questionable [25]. 
These disadvantages will be countered by ensuring that the people used for research purposes cover a wide range of audiences and not just student between the ages of 18-23. 
This methodology will be applied in the form of a set of interviews after using the application created for this project. These interviews will be used to see whether using the application changes their opinion on smart city technologies as well as see if the application is something that would appeal to them. Before the development of the application the author of this chapter will create, pilot and release a survey to help identify possible features for the application [26]. 
The survey will be used to outline a set of features to be included in the applications design. The survey will also be used to confirm the need for the applications design as well as proving the validity of some of the research done previously in the literature review [27]. The survey’s aimed number of responses will be 50. This number should hopefully cover enough people to ensure that the survey’s results are valid.
After the survey’s results have been analysed and the accompanying application completed it will be presented to some prospective users. This will be done in the form of a completed interview.
The interviews will be used to ask questions on smart cities and see whether the interest in the technology is genuine. Questions will be used to find out what kind of smart application the interviewee’s use. The second interview will be conducted after the interviewee’s has had the opportunity to use the software designed. This interview will be used to outline what features the interviewee’s feel worked in the application. As well as which parts of the application will require reworking when the application is visited again. The information gathered from this interview will be used to improve the application for its final version in the project. 
The survey’s validity greatly depends on the variety of people who are interviewed. The more varied the group used the more likely it is to cover the target audience. Unfortunately due to time constraints it is unlikely the interviews will be completely valid as that would require more interviews than it would be possible to complete in the time frame available for this section of the project. The same reasoning can be applied to the reliability of the interview. 
As for the development of the application a development methodology needed to be chosen for the purposes of the project. For this project the RAD (Rapid application development) Methodology has been chosen. 
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This methodology has been chosen for its flexibility and adaptability. This methodology can be cycled through for testing as many times ad necessary in order to complete a portion of the application, test and then refine it. 
Some of the advantages of using this methodology apart from the adaptability and flexibility mentioned previously include its ability to create code with fewer defect. This is due its high prototyping nature. Because every section of the application will go through the cycle of being built, tested and refined there is less chance of any defects due to the most section having been tested. Another advantage of the methodology it is the name “rapid” the methodology enables high productivity within a short amount of time.[8]
The application being created will be a web page and as such will require no specific hardware. All available packages are already available for the creation of the application and as such no extra resources are required. The design of the webpage will be created prior to the applications creation by using some design tools like wireframes and storyboards to decide on the websites final design.
The project will be created using a variety of languages including HTML, CSS and JavaScript. Using these languages to create a web page will allow the application to be created for many devices rather than using something like swift which would mean developing the application for a single device. To ensure using this will be a success it is important to develop the application mobile first and apply a series of responsive web design practices.


Design & Implementation
This chapter of the report will cover the requirements for the application and will go through the requirements for the project and justify those using data that been collected from both the literature review and a survey that was released to assist in outlining the requirement’s.
Requirements Analysis
Before beginning work on a smart application it was important to outline the type of application that would need to be created as well as conduct a requirements analysis for the application. As stated in the previous chapter a survey was created and released to assist in outlining the set of requirements for the application. 
When asked what existing types of applications the surveyed used already 33 of the 43 responses to the survey said they used some kind of map software when traveling to a new city they were not aware of. Google maps is mentioned frequently [30]. This statistic suggests that a map feature may be a wise inclusion into the application and therefore may be essential to the success of the application. 
The survey also contained another question which asked the surveyed directly what kind of features they would like in a smart city application. Many specified that travel times were a concern and that the information provided to them was rarely correct and mostly out of date. For the application it could be something to consider to add some sort of up to date travel times. Although it is unlikely that the application could contain real time updates it is possible that the application could access the most recent timetable from an API and display them in a table. Many people in the survey also expressed their frustrations with the lack of ability to find the price of a travel fare before getting on the bus. Although this may not be possible requirement may be to try and find information to allow the user to price up a fare. Although this greatly depends on this information being available from the bus companies
Another application that was mentioned regularly during the question about apps already used was the “City Mapper” [31] application available in London. This application offers many of the features being suggested for this application. It also includes a section which displays the weather at any destination. This is something that could be easily implemented using the open weather API [32]. 
In conclusion the main 3 requirements for the application are a map interface, a travel time’s display, and something to display the weather on the web page. All of these can be accomplished by using a series of REST web services. These web services will be accessed using API’s. 
Design
When designing an interface for the application it was important to keep the page clear while still meeting all the requirements mentioned in the previous chapter. This was done by creating some wireframe diagrams for the application. The design created takes inspiration from similar applications like the London city mapper [31] mentioned earlier. 
The suggested design for the system can be seen in Figure 9. The wireframe contains all of the different features that have been specified in the previous section of this chapter in the requirements analysis. 
The application will only use one page as to keep everything available at once to the user. This will also result in the application being simpler to develop as there will be no need to add any navigation features between web pages. 
During the interviews after development the system will be evaluated using the system usability scale [33]. The simpler design will hopefully benefit it when it comes to new users. The simpler design will hopefully result in the system providing consistent results. Keeping all the system’s features will also hopefully result in them integrating into the system well. Because the system is highly simple it is unlikely that anyone would require any technical support to use it.
Implementation
When it came to creating the application there were a few issues that up. The main issue came when trying to find a way to get travel time data for use in the application. There aren’t many whose data is available publicly without a large fee. The only exception to this rule was the ‘NextBuses’ API [34]. Although this data was available for free access to the API must be applied for and although an application was made for access to date has not been granted. 
Moving onto another feature of the application. Originally the application was meant to include a map interface which would allow the user to interact with it by selecting a start and end point for a journey which the application would in turn be able to find directions for. Sadly this requirement was outlined before the author of this report realised the restriction of the map API used. Originally the Google Maps API [35] was chosen as it had all the capabilities needed for the project but unfortunately once again the API requires a large fee to gain access to it. Thankfully an alternative was found with the ‘Here Maps API’. Sadly due to finding a replacement for the google maps API so late in the development the directions requirement was unable to be created. However the map is included in the application. 
Finally the last requirement that was included in the requirements analysis for the application was the ability to display real time weather updates on the application. This requirement has been met in the application using the Open Weather API [32]. The application retrieves data from the API for a temperature, icon and description of the weather. These are then displayed on the websites index page.
Testing
To ensure that requirements had truly been met testing needed to be completed on the application. There needed to be unit tests completed in order to see if each individual feature worked correctly. Then system testing needed to be completed to see if all the combined features integrated with each other when put on the same page. Finally usability tests would be completed using the system usability scale. 
Firstly the unit tests were completed for the two features the website had implemented. The first was the map interface and secondly the weather display. The map interface displayed a map at the given coordinates so that the map opens overlooking Swansea. Although the map is displayed it does not allow any interaction from the user. The user cannot move the map and cannot input a start and end point as was required in the requirements analysis. Because of this the map interface is more of a map display. The unit test for the map display is completed and shows that the website has queried the API for the data and has then displayed it on the ‘WeatherUnitTest.HTML’ page. 
The system test was quite simple due to the limitations of the website. The website includes all of the working features from the Unit tests. Both the map and weather displays work when put on the same page.
Originally for the usability test the application would be tested by 5 users who would then use the system usability scale to rate the system’s workings. However due to time constraints only 1 was able to be completed. The system was rated using the system usability scale. The results are below:
1. I think that I would like to use this system frequently. : Disagree
2. I found the system unnecessarily complex. :Strongly Disagree
3. I thought the system was easy to use. : Agree
4. I think that I would need the support of a technical person to be able to use this system. : Strongly Disagree
5. I found the various functions in this system were well integrated. : Disagree
6. I thought there was too much inconsistency in this system. :Disagree
7. I would imagine that most people would learn to use this system very quickly.: Strongly Agree
8. I found the system very cumbersome to use.: Disagree
9. I felt very confident using the system. Agree
10. I needed to learn a lot of things before I could get going with this system. : Disagree

The system was used and rated by a student that studies at UWTSD Carmarthen. 


Evaluation 
To evaluate the project the work completed will be compared to the five objectives set out at the beginning of the project. These objectives were the reason for the project to begin with and as such should be the best way to evaluate the success of the project as a hole. 
The first objective refers to research being completed on smart city technology. This objective was completed in the form of the literature review section of this report. The lit review cover’s many different areas of smart city technology. The research ranged from the statement that smart city technology should always be “Present yet absent” to the “Aging in place” technology being developed in smart communities for the elderly. Through this the author of this report believes that this objective has been accomplished.
The second objective was to conduct a survey that would assist with the requirements analysis for the website that was to be created. The survey was piloted and released and revolved around asking questions related to their local community and the types of smart tech that is available to them there. The survey also asked the surveyed for what features they would like from a smart application. This objective can be considered an objective. The third objective then stated that using the research from the first and second objective that a set of requirements should be outlined for the application before its development began. 
The penultimate objective was to create and application or webpage that followed the requirements analysis and contained the proposed features that were devised from t all of the research conducted as part of the project. Unfortunately not all of the requirements could be met for the project and therefore this objective cannot be considered a success.
Finally the final objective was to have a way to evaluate the application. As can be seen in the last chapter the intention for the project was to interview 5 people after they have used the application and then interview them and get their ratings from the system usability scale. Unfortunately due to time constraints the application was only evaluated by one person. Due to this the final objective must also be considered a failure, although the information gathered from the 1 interview can be used to outline some improvements that could be made in the future.
From the data gathered from the project there are a few conclusions that can be drawn. Data gathered from the lit review suggested that the smart technology was a technology that was becoming far more popular but conflicting results from the survey suggest otherwise with 62.79% figure 10 of people saying they didn’t use any smart applications and 59.52% figure 11 of people stating they weren’t aware of what a smart city was. This however could be put down not being aware of the term smart city as when asked if they consulted in any applications of software when travelling to a new city or location 76.74% figure 12 of the surveyed stated that they used something with the majority specifying that they used some sort of smart map or sat nav.
In other ways the research from the survey did backup some of the data gathered in my lit review. With many stating that they didn’t use public transport because it was unreliable. Many people when asked for the kind of features they’d like to see in a smart travel application requested a feature that would provide up to date travel times for public transport. Some also requested a feature that would enable them to find parking when entering a city. This conforms well to some of the data in the literature review especially that related to smart parking. 
The original aim for this project was to create an application that would help reduce emissions in populated areas and improve safety in areas which are at risk for people who are at risk. As the project the developed it became apparent that the aim for the project didn’t conform to the data gathered from potential users and therefore the aim for the project changed to create and app that would conform to the user’s requirement’s analysis.
To summarise, much of the data gathered for this project conflicts with what was expected when the project began. At the same time there is a lot of data that conforms to expectations. The author of this report expected different out comes from the research and in turn had to adapt the requirement’s analysis to the data that was gathered. 
If the project were to be redone, the author of this report would prepare accordingly and set aims and objectives more suited to what potentially may want. This has been taken from the survey that’s responses were so greatly different to what the author of this report expected at the beginning of this report. 
The author of this report would develop the application using swift as the swift software for iOS has built in map capabilities and therefore the application would not have to rely on the use of a maps API for a map interface. This would likely result in a more interactive application and the ability to make the application better. 
It would be necessary to find an alternative to the travel time’s feature that was originally suggested for the application. This could be done as the current application failed to meet the requirement for the bus times API due to the frustration of finding an API that could provide relevant date for the application. 
Crucially if the project were to be redone it would be essential to leave more time at the end of the project so that the finishes application could be evaluated correctly. This would mean having the application completed earlier in the project so that there is time to arrange for 5 people to evaluate the finishes product. In this reality the application was only evaluated by the 1 person which of course is not substantial for a thorough evaluation of the website.


Conclusions & Recommendations 
This chapter of the report will summarise and discuss everything that has been done during the span of the project and will go on suggest area’s for further research based off of what has been learned from the data collected during this research. 
To Begin, the aim’s and objectives that were set at the beginning of the project were far out of date when it came to the end of the project. This was due to a variety of factors not least of all the results of some of the research conducted during the survey. The original plan for the project was to create an application directly for mobile using the swift language. Early on the decision was made to change from a mobile application to a web page so that there would be more possibilities for the applications features. After conducting research it appeared as though there was some obvious features that would need addressing in the application. Many of which could still have been implemented using the swift language. The swift language also has a built in map interface that the author of this report is familiar with. Looking back at the project as a hole the author of this report has come to the conclusion that the original plan to create the application solely for mobile would have been more efficient. This also would’ve enable the application to send the user notifications as is mentioned in the aims.
Once again knowing of the results of the survey if the author of this report were to revisit the literature review he would be sure to consult literature that more relevant to the type of smart technology that users would be interested. A large portion of the literature review discusses a Japanese case study [1] where they have technology the assist civilians during natural disasters. Although this case study is interesting and is relevant to the field of smart city technology it isn’t that relevant to the type of application that was created in the end for the project. The author of this report believes the time would’ve been more valuable had it been spent consulting research relevant to applications similar to the one created in this project. Applications like city mapper are excellent examples. This could’ve resulted in more features being identified for inclusion in the application. 
As stated earlier in this chapter had the implementation been redone the author of this report would suggest using the swift language to simplify the process. The drawback of doing this would mean that the software would only be available on apple devices however as mentioned earlier using the swift language would allow the features mentioned in the requirements analysis far more viable than they are when creating a web page. Using swift would leave the application far less dependent on the use of REST web services for data and the previously mentioned map interface. 
Finally, if the evaluation were to be revisited for this project there would need to be more time allocated for the evaluation of the program. For this project due to a few variables many things overran the planned time for completion. This resulted in the evaluation not being able to be completed properly. The original plan for the evaluation of the application was to get five people to evaluate it using the system usability scale. In reality only one person was able to evaluate the application due to the time constraints. 
The research completed in this project implies that smart city technology isn’t as popular as many would believe. The author of this report believes that more research can be done into making smart technology a more civilian friendly prospect. Although many people are aware of the technology, many (especially those from smaller towns) are unaware of the technology. Some people may be unaware of the technology despite even using it every day. This fits into the theme of technology that is “Present yet absent” that has been mentioned many times throughout the project. 
A pattern that appeared during the research portion of the project was that many have an issue with public transport. Specifically many take issue with its unreliability. During the literature review portion there was a case study that showed a rise in rider number and rider satisfaction when real time bus updates were provided for buses in New York and Florida. This trend is something that many requested in the feature question of the survey and therefore may be an avenue for further research for local councils in the UK to implement as it may improve both profit margins and rider numbers here as it did in the same manor for the previously mentioned locations. Making this feature available for public transport may also results in the number of people using public transport increasing and therefore the number of people using their own cars lowering. This could not only benefit the income for bus companies but also lower congestion in larger cities and lower the emissions in built up areas.



Reflection
Upon reflection of the project as a hole I believe there are many aspects that could be improved upon. Firstly I believe that it’s worth considering more of what the common user may want from an application as oppose to someone who is knowledgeable in a field. I’ve been taught this from the way I planned the project at first and then how I needed to drastically change the plan of the project after conducting my survey and seeing that what I would want from a smart city application is far different to what most other people would want. I feel I’ve learned the value of a second opinion more from this part of the project as if id consulted with people more before starting my project I may have seen a perspective on the technology different from that I had gained from consulting in the literature when writing my proposal for this project. 
I’ve also learned that I should consider adjusting my priorities slightly. Originally in my plan I left no time at the end of my project for extra time in case things ran over schedule. Due to this many sections of the project have suffered. Had I allowed for an extra few days or weeks at the end of my plan before the deadline it may have resulted in sections of the project being given more time and therefore being executed better. This has been something that has greatly diminished the returns of some of the chapters for example the evaluation which due to time constraints was cut down to a mere one evaluator of the application instead of the planned five. Having five more feedback for the application would have resulted in a more complete set of feedback for the application which could have led to better improvements had the extra time been allocated at the beginning of the project.
I feel that during this project my lack of research into the resources I was using was a large fault. Before arriving at the implementation stage I had just assumed I would be able to find an API that would allow me to access travel data. Had I researched that type of resource before putting it in my plan it may have swayed me away from including it and allowed me to include another feature into the applications requirement methods that was more accomplishable.
Finally the last thing I feel I should have done differently was my consideration of what software I should have used. Although I had used REST web services before I would have been far more comfortable using swift for this project. I had never used the map API I used for this project before developing this application whereas I had used the maps feature on the swift format. Although this could be grouped with the first part of this section about consulting more people about the project before deciding what I wanted to do I feel that knowing that a map feature would feature predominantly on the application I should have gone with my original plan or using swift. 
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advertisements and electric coupons in the portal site. The impact of advertisements was assessed
by the number of shop visitors before and after the study by conducting questionnaires at each shop.
A disaster prevention drill was also virtually simulated. The portal site was switched to emergency
mode by triggering a sensor function. The number of participants in the drill was counted via the
access logs. The efficiency of the drill was measured from questionnaire results.
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1.3. Reducing emissions and adapting to climate change

The threat of climate change has driven domestic and intemational efforts to reduce
greenhouse gas emi
by 2050 (against 1990 levels). and is a signatory to the Paris Climate Agreement
which seeks to limitrising global temperatures to

well-below two degrees. Progress has already Fig2:
been made, with emissions dropping by 42%

since 1990, even as the economy grew by over 250

60%. Much of this was attributable to economic
restructuring, as polluting industries moved to

ns. The UK is legally committed to make an 80% reduction

sector (BEIS, 2016)

other countries, and more recently by the closure 5 200
of coal power stations and shifttowards natural H
gas.® H

g 150
However, as a wealthy country with high levels of £
consumption, UK emissions remain well above the -
global average, especially when imported goods o

are accounted for. The drop in emissions from
power and industry has also served to highlight a
lack of progress in other sectors of the economy.
namely buildings and transport, where emissions. 1990 1995 2000 2005
remained broadly stable.

This has focused attention on the contribution that planning can make to tackling
climate change. This includes shaping the buitt environment to reduce car usage
(which accounts for over half of total transport emissions) and encourage more
efficient alternatives, and planning developments which are suitable for low-carbon
energy infrastructure, like district heating and cooling networks and electric vehicle
charging points. It includes energy efficiency and renewable energy policies for new
buildings, and the allocation of land for wind and solar energy to help drive a
transition towards a more decentralised and resilient energy system

City-regions must also adapt to the impacts of climate change, as extreme weather
events like flooding, water shortages and heaf
severlty. Problems of habitat degradation, soil erosion and biodiversity loss, coupled

aves increase in frequency and

with risks to food production and trade, also undermine the ‘ecosystem services'
which urban populations depend on. These require planning and land management

rogress in reducing UK emissions by

2010

2015
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. parking location, direction, availability, etc., that can be passed
Smart Parking Model Process

on to drivers to solve problems.

The data collected by Smartphone's built-in sensors is used in
The modeling of the smart parking process can be summarized several software systems. [13] and [14] presented an algorithm
in 5 sub-processes. that aims to track the activities of vehicles via smartphones.
[15] proposed an algorithm that is able to detect the means of
transport used by the driver. [16] proposed a mobile application
that locates the driver's position and lists the vacant places at
the driver's arrival and sorts them according to the user's
priorities. The estimated time updated as the vehicle is
traveling. This solution is used to reduce time to find a location
and improve the use of urban parking spaces.
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Fig 1: Smart Parking Model Process
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