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1 Introduction

This master thesis will be written as an answer to the project proposal "Environmental
Public Health Information Management System” within the course ”FMH606-1 18V Mas-
ter‘s Thesis”, given by The University College of South-Eastern Norway. The project is
a collaboration between USN, Tel-Tek, Porsgrunn municipality and Telemark hospital-
Department of Occupational Medicine.

1.1 Background

Government, companies and citizens have in later time increased their focus on environ-
mental health. There are many sources that expose the environment for diferent kinds
of emissions like air pollution, toxic released in water etc. Some may only afect local
environment, while other may afect the environment globally. How the emissions afect
the environmental can be a complex question. Wear and tear on car tire for example,
will release plastic as particulate matter into the air. This plastic can be inhaled while
breathing, or it may end up in the ocean and later end up into the food chain. Further-
more, green house gases, which are threatening to increase earth temperature, may not
be any immediately threat to the human and animal health, but it’s widely known that
they can cause global warming which may lead to climatic changes.

It is important for the government and companies to take measures for reducing emissions
both locally and globally. The decision makers, for instance the government, need to be
provided with good information regarding the topic. Citizens may also be interested
in everyday pollution in their local environment, which for example will be helpful for
asthmatic people who want to stay inside on days with problematic pollution levels. Today
there are a lot of environmental data available, but they are typically spread around on
diferent websites. By gathering available data into one solution, it would be easier to get
an overview and read the available data. Therefore, USN has collaborated with Tel-Tek,
Porsgrunn municipality and Telemark hospital-Department of Occupational Medicin to
develop a prototype to make environmental data publicly available at Grenland area.

17



1 Introduction

1.2 Report Structure

Chapter 2 gives a brief description about the system and available data.

Chapter 3 tells more about how the system is planned to behave.

Chapter 4 gives an overview of framework, tools and services that could be used.
Chapter 5 tells more about the development method used, and which frameworks, tools,
and services that are used.

Chapter 6 tells about how the database was implemented.

Chapter 7 tells more about the website implemented.

Chapter 8 tells more about the mobile app implementation.

Chapter 9 tells more about how the services is implemented and how data is gathered.
Chapter 10 show the result of the implementations.

Chapter 11 discusses the results.

Chapter 12 gives some suggestions for future work.

Chapter 13 gives the fnal conclusion.
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2 System Overview

This chapter gives the reader an introduction about the need of an information manage-
ment system, an overview of existing systems and available emission and pollution data.
An overview of the system will be given.

2.1 The need of an Information Management System

Focus on global warming and health gives increased focus on accessing environmental
data. The importance of performing measures to lower emissions strengthens the need of
relevant pollution data. Also, the public interest in health in peoples local areas would
beneft from getting live pollution data. For example, this is benefcial for asthmatic
people who should stay inside during the worst periods of air pollution.

Such a system might enlighten citizens that are not really aware of the efects that pollu-
tion might have on health and environment. People might see the benefts of taking public
transport instead of driving their own car, or staying inside during the worst periods.

Regarding Grenland, there are several large factories releasing emissions, which increases
the need of pollution measurements.

Furthermore, an information management system can expose other types of measured
data like temperature, number of cars passing, wind speed, wind direction etc. Such
information can be correlated to the amount of pollution, especially air pollution, and
can be used to see the bigger picture, like how the diferent factors may afect each
other.

19



2 System Overview

2.2 Existing Solutions

There are some existing websites that gives information about pollution. This section will
cover two of them.

= Luftkvalitet.info
<« Norskeutslipp.no

Luftkvalitet.info is developed and maintained by NILU to give the public access to real
time monitoring of air pollution within diferent cities in Norway [1]. Air pollution is
given by measured values and a color code to indicate the health risk of air exposure.
The diferent color codes are explained with text where they are addressing diferent
population groups that possibly should stay inside. Asthmatic for example will tolerate
less air pollution than the rest of the population. There is some limited functionality for
accessing trending data for the diferent air pollution components. For the larger cities it
is possible to receive SMS notifcations during the winter. [2]

Norskeutslipp.no ofers emission data based on reports from the industry. Smaller emission
releases are not reported, but estimated based on activity data and emission factors. The
website ofers functionality to narrow down emission based on location. There is not real
time monitoring as the emissions are reported at annual reports from the industry. [3]

20



2.3 System Description and Available Data

2.3 System Description and Available Data

The system is built up around 4 diferent components, which is illustrated in fgure 2.1.
The website and the mobile app are displaying all data within the system. The pollutions
within the system are air pollution gathered from NILIs API, which is covered in section
2.3.1. One of the main concept is to generate status for the sources, for example indicates
how much the current air pollution is by text and color. The changes will trigger the
system to send out push notifcations to any users that are subscribing on these through
the mobile app.

Both the website and the mobile app consists of a main page intended to be used as a
dashboard, were the most important data is displayed. The dashboard on the website is
organized by showing the last day historical data in addition to information about the
statuses within the system. The mobile app dashboard shows all the status, but only the
last measured values, not the last day historical data.

Furthermore, the website and mobile app contain functionalities for getting more details
and show trending data for the last month. Moreover, the website provide additional
functionalities for data analytics and report generations.

Access to measured data Access to measured data
Investigate trends Investigate trends
Generate reports Push Notifications
Administrate the system Measurement statuses

Measurement statuses

Web browser Smartphone

Air pollution(NILU)
Yr data
Etc..

Measured data

Server

Figure 2.1: System Description
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2 System Overview

2.3.1 Available Data - Grenland Area

NULLI is a service which measure air pollution on diferent locations in Norway. The
measurements happen automatically and are available to third parties through an API,
which gives access to four diferent stations in the Grenland area [4].

Sverresgate - Porsgrunn
Lensmannsdalen - Skien
Furulund - Brevik
Haukenes - Skien

The stations currently measure fve diferent components:

22

NO2

NO?2 is the short term for Nitrogen Dioxide, and belongs to a group of reactive
gases known as oxides of nitrogen oxides (NOx). The primary sources of this gas
are emission from cars, trucks, buses or engines that burn fuel. [5]

PM10

PM10 is the short term of particulate matter, which indicates the particle size of
an air pollutant. Particles emitted into the atmosphere will eventually be taken
down by the gravity or rain. Larger particles will quickly be taken out from the
atmosphere. However, fner particles will stay in the atmosphere for a longer time
and can be transported over longer distances.

The size is defned as the fraction particles with an aerodynamic diameter smaller
then the given size, which for PM10 is 10 um. [6]

PM2.5

PM2.5 is the same as PM10, but with smaller particle matter size, which is 2.5 um.
[6]

03

03, the short term for Ozone, is the most important photo chemical oxidant in
the troposphere, where it flters dangerous light from the sun. Because of photo
chemical reactions with NOx gases, the concentrations of ozone are often lower in
urban centres and higher in suburban areas. [7]

CO2

CO2, the short therm of Carbon dioxide, is a common and naturally gas. CO2 has
an important role for life on earth, as humans and animals exhale it while plants
absorb it in order to grow. CO2 is a naturally greenhouse gas because it traps
energy from the sun in the atmosphere. However, emission of this gas from human
activity may increase the greenhouse efect. The main emission source comes from
engines that burn fuel. [8]



3 Planned System Behavior

The content of this chapter will explain more about system requirements, specifcations
and planned behavior.

3.1 Requirements and Specifications

A website should be able to give the users a quick overview of diferent sources and give
a short indication of the current values and the condition of the data. The home page
should contain a dashboard giving a graphical presentation of the most important data.
By logging in and further investigating the data, it should be possible to get a graphical
presentation of the data by time, which could be for days, weeks and years. It should be
possible to compare data from diferent time periods, for example compare the present
year with previous years etc.

Further, the website should be able to generate reports based on the gathered data, but
this functionality should not be available to ordinary users.

The data should also be available through a Mobile-App which should feature most of
the same possibilities as the website when it comes to user functionality. In addition, it
should also be possible to generate push notifcations if the data goes over or under a
specifc limit. The users should be able to choose to subscribe on the sources they want
to receive push notifcations for.

The system should be able to create services that will let the sensor system send data to
the system. It should be possible to generate services that will collect data from external
data sources which could be presented in the system.

Finally, it should be easy to install the system on a server, and move it between servers.
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3 Planned System Behavior

3.2 Website - Planned Behavior

A plan for the behavior of the website is made based on the requirements and specifcations
given in section 3.1. A navigation bar should be present on the top of the page for easy
access to all its functionally. Figure 3.1 shows an overview of the planned functionality.
The section below will explain diferent web pages which is planned.

External data
Register new users Se rver
Analytic
| \ \ / Log in/Register \

Website ~~———— Dashboard overview Mobile- App /

/ \\ Hending/Detais /

Push notifications

Generate reports Administrative tools

Figure 3.1: Planned functionality - Overview

3.2.1 User Log In and Registration

Some of the website’s functions are more resource demanding, like for example analytic
investigation and report generation. Users are required to log in to get access to these
features. In this way it is easier to restrict or limit their usage, in case of shortage in
Server resources.

3.2.2 Dashboard

The dashboard web page will act as the home page of the website. The most import-
ant functionality is to give the user a quick overview of the measured parameters and
associated statuses. The most important sources should be graphically represented by
plotting historical data from the last day. Logged in users should be able to make per-
sonal confgurations for the most important sources on the dashboard. In addition, all

24



3.2 Website - Planned Behavior

the sources should also be represented in a map for easy location. Furthermore, a table
should contain more details about the sources and their measured parameters should be
presented at the bottom of the page.

The status for each parameter will be illustrated by a color and a text indicating the
severity. The status of a source will be equal to the highest parameter severity associated
to the source.

3.2.3 Trending

A web page should provide more details about the sources within the system. When the
user selects a source the web page should return details and corresponding parameters,
where the last historical data should be plotted to detected recently trendings. Moreover,
options for fxed time intervals should be available, like for example last day or last week.
Each parameter should also have their status limits specifed. Further, data from external
sources may come with a license for usage, so the web page must be able to inform the
users about any potential licenses.

3.2.4 Analytic

A web page should give the user the ability to investigate sources and parameters more in
depth. The most important concept is to compare parameters against other parameters
and detecting trends. In term of air pollution it might be possible to determine if any
area is more problematic then other areas, and perform measures to, for instance, lower
air pollution. It should also be possible to compare periods of the same parameters by
plotting them side by side. This way, it is easier to determine if any period stands out
as problematic or good. Moreover, a logged in user should be able to save the setup for
selected parameters. This would be an advantage if an user continuously is investigating
the same sources.

If choosing a long time period, there might be to many measurements which make the plot
unreadable. Therefore, it should be possible to scale the data, which means combining
measurements within a time period into only one measurement.

3.2.5 Report Generation

It should be possible to generate reports in a pdf format, which should include some of the
same data as the analytic functionality provides. These reports are intended to be used
as a basis for decision making. An example could be to perform measures and actions for
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3 Planned System Behavior

improving air quality. Like the analytic web page, logged in users should be able to save
the setup for later use.

3.2.6 Administrative functionality

The system should be dynamically. This means that administrative users should be able
to add sources to the system by logging into an administrative page. It should also be
possible to edit sources in the system.

3.3 Mobile App - Planned Behavior

The mobile app will share some of the functionalities as the website, except analytic
investigation and report generation. In addition, it should receive push notifcations if
status changes happens. Moreover, the user should be able to choose which sources he/she
wants to subscribe on. Due to this, the user must be logged in to be allowed to use the
app functionalities.

3.3.1 Dashboard

Like the website, the mobile dashboard should give the user a quick overview of the
measured parameters and associated statuses. However, it will contain fewer details, like
plotting, due to smaller screen size.

3.3.2 Trending

The mobile trending page should have the same functionalities as the web page.

3.3.3 Push Notifications

A mobile app is ideal for receiving push notifcations on the go. The users should be able
to subscribe on push notifcations for each source they feel is relevant for them. The user
should also be able to disable push notifcations at confgurable time intervals, typically
at night.
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3.3 Mobile App - Planned Behavior

3.3.4 Register/Log in

It should be possible to register new user directly from the app. There should be no
system administrative functions on the mobile app.
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4 Technical Analysis

This chapter will mainly cover topics regarding requirements for diferent tools, framework
and hardware, and which of them that might be best suited to be used in the solution.

4.1 Needed Requirements

The functionality given in chapter 3 will give the base line of what the system should
do. The functionality can be divided into three independent sections, which use the same
database.

= Website front and back-end
Typically using a server side framework which generates HTML/JavaScript web
pages populated with data from a database.

= Services
Typically background related tasks. Based on the desired functionality this would
include fetching external data and sending push notifcations as it is not directly
tied to the website. However, it would use the same database.

= Mobile App
Independent from website-front end and services, but need access to the same data-
base. The mobile app can access data through APIs on the server.

A decision diagram was made to illustrate the most important decisions regarding frame-
works, tools and services, which can be seen in fgure 4.1.
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4 Technical Analysis

Website back-end

Programming and services
Language

Programming
style

Website front-end
Push notification
tool
Programming
Language

Y

Mobile-App Supported
Framework
platforms

Figure 4.1: Decisions

4.2 Frameworks and programming languages

Finding the best frameworks and programming language is an important decision, and it
often comes down to previous experience.

4.2.1 Web solution - Back-end

Considering suggestions and previous experience, there were mainly three frameworks
alternatives for web development, all of them capable.

e ASP.NET
= ASP.NET Core
« PHP

The main diference between ASP.NET and ASP.NET Core is that the core version is an
open source, cross platform implementation of the .NET framework, which can run on
windows, Linux and macOS. ASP.NET can only run on windows[9].

PHP is a popular open source general-scripting language mainly used for developing
websites. [10][11].

w
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4.3 Database
4.2.2 Mobile App

There are two main smart phone operation systems, which is iOS and Android. There
are many framework alternatives for mobile app development, where three of them are
listed as alternatives for this thesis.

< Android Studio
< Xcode
« Xamarin

Android Studio is the ofcial IDE for android apps, which supports programming lan-
guages like java and C++, where Java is the most used and most supported language.
[12]

Apple ofers Xcode IDE for iOS app development, and supports both switch and objective-
C[13].

Xamarin, the third option, is no o¥cial IDE or framework, but instead targets both
iI0S and Android. 1 can build native apps supporting multiple platforms with a shared
codebase written in C#. [14]

4.3 Database

There are many options for database storage, but based on suggestions and previous
experience there were two alternatives, both of them suitable.

Microsoft SQL Server

Microsoft SQL server is a well used database technology made by Microsoft. However, it
is not an open source, but Microsoft has recently made it available for Linux OS. [15]

MySql

MySqgl database is an open source database technology made by Oracle. [16]
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4.4 Website front-end tools

4.4.1 Bootstrap

Bootstrap is a HTML, JavaScript and CSS library made by twitter, which comes with
predefned design for creating websites. It also scales the content related to screen size,
which is an great advantage when browsing the website from a smart phone. Furthermore,
Bootstrap allows less time spent on design development, and more time on the website
functionality itself.

4.4.2 Charting Library

Typically, charting library for web application uses JavaScript to draw charts. There
are many alternatives which might be suitable. It is important that any charting library
supports formatting of the date axis in order to get the date correctly scaled.

ChartJs is an open source JavaScript charting library released under the MIT license [17].
It ofer diferent kinds of charts like line, bar, scatter charts etc. [18]

Google Chart, an other option, is a free charting library made by Google. It ofer support
for line, bar, pie chart etc. [19]

4.5 Back-End Tools and Services

4.5.1 Pdf Generation

There are many options for generating pdf fles. Rotativa is one option, which convert
HTML and JavaScript to pdf fles [20]. There is also an online version of Rotativa which
generates pdf fles through APIs using HT TP requests, but this requires paid subscription
[21].

4.5.2 Push notifications

Push notifcation library needs to be supported in both the framework for the server and
for the mobile-app framework. There are many factors to take into account. Does the
notifcation appear if the the app runs in the background, or does the app need to be
open in order to get notifcations? How much data will it consume? How much delay
could be tolerated?
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4.6 Hosting

It should be possible to dynamically create notifcation services for data sources were
users can choose to subscribe on relevant data sources.

Another important concept is the that it must be supported on both Android and iOS.
If the Xamarin framework seems to work properly it should work on both platforms. If
using Android Studio to develop an Android app, it is important that the library also is
supported in an iOS development framework in case of expanding.

Firebase Cloud Messaging - FCM

Firebase Cloud Messaging is a service made by Google which can be used to send out
push notifcations. It supports both Android and iOS which makes it suitable for cross
platform development. [22]

Apple Push Notification Service - APNs

Apple Push Notifcation Service features push notifcation to iOS devices. It ofers no
support for cross platform push notifcations. [23]

Azure Notification Hubs

Azure Notifcation Hubs is an service which allows cross platform notifcations to be sent
out using just one API call. Azure subscription is required in order to use this service.
However, a free Azure subscription include 1 million free push notifcations. Using Azure
Notifcation Hubs will give an advantage if developing cross platform apps. [24]

PushSharp

PushCharp is a library that will send push notifcations through FMC and APNs. The
App need to be registered within the FMC and APNs services in order to work. It is
written in C# and can be used with the asp.net framework. This library is released
under the Apache License version 2.0 [25] [26]

4.6 Hosting

For hosting there are two alternatives, either rent an external server or host the system
on a private server. Both Porsgrunn municipality and USN have servers that might be
alternatives.

33



4 Technical Analysis

4.6.1 Private hosting

Both Windows and Linux can host web solutions given that the frameworks support the
operation systems.

Regarding ASP.NET Core 2.0 it can be hosted on both Windows and Linux [27] [28].

4.6.2 External hosting

There are many companies that ofers rental servers. One alternative is Microsoft Azure
which ofers both website hosting and functionality for background service.

4.6.3 Cost Estimation

Costs depend on the server usage that the solution might require. There will be diferent
costs regarding private and external hosting. Choosing private hosting might require some
investment costs both on hardware and internet access.

Moreover, an cost estimate was made choosing Microsoft Azure as external hosting service
[29]. Pay-As-You-Go subscription was chosen using the cheapest alternative [30]. Table
4.1 shows the cost estimate.

Azure hosting cost(NOK) Year1l Year2 Year3 Year4 Year5 Total

Azure functions 0 0 0 0 0 0
Web App 929 929 929 929 929 4643
SQL database 1437 1437 1437 1437 1437 7183
Custom domain 97 97 97 97 97 486
Total 2462 2462 2462 2462 2462 12312

Table 4.1: Cost estimate using Azure Pay-As-You-Go subscription

The cost estimate is clearly manageable, costing around 2500 NOK each year. Further-
more, if the solution needs more resources, it is possible to scale up the resources available
by choosing a diferent subscription. It will increase the costs, but comes as a result of
increased usage, which could defend spending more money.
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4.7 Scheduling
4.7 Scheduling

Scheduling is important as the solution needs some kind of services running in the back-
ground. The services must be able to perform tasks at known intervals. Regarding private
hosting, both Windows and Linux are able to run services in the background given that
the framework is supported.

If choosing an external hosting service it is important that background tasks can be
performed and run the desired code.

4.8 Maintenance

Estimating the amount of hours that might be used on maintenance and improvement
may be difcult. Unknown bugs might occur, or most likely occur, after commissioning.
Changes in external data that the system depends on may also lead to maintenance need.
An inaccurate estimation was made taking into account both maintenance and the need
of some minor improvements. The estimate can be seen in table 4.2.

Hour usage Year1l Year2 Year3 Year4 Year5 Total

Maintenance 60 30 30 30 30 180
Improvement 50 0 0 0 0 50
230

Table 4.2: Maintenance - hour usage

4.9 ASP.NET MVC - Theory and Example

MVC is an architecture that separates an application into three components, which is
model, view and controller. The model handles the logic for the applications, the view
handles the Ul and the controller handles user interactions. Requests will be handled by
a routing component which will direct the request to the desired controller and action. A
great advantage of the architecture is the loose coupling between the three components.
Due to this, it is possible to develop each component more or less separately. Moreover,
this also makes testing of the application easier. [31]

Figure 4.2 shows the fow in an MVC application. When a browser requests a page, the
routing component will direct the tra®c to the correct controller, which then will return
a view containing HTML/JavaScript code and model data.
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Figure 4.2: MVC block diagram

4.9.1 Example

This section covers a basic MVC example. The web page will return a view populated
with some simple user data. Figure 4.3 shows the routing class which will route the trafc
to desired controller. It also defnes the default controller if no one is selected, which in
this case is the home controller.

The example was created as an empty MVC project with the ASP.NET framework and
uses bootstrap as styling.

public class RouteConfig

{

public static void RegisterRoutes(RouteCollection routes)

{
routes.lgnoreRoute (”{resource }.axd/{0Opathinfo}”);

routes . MapRoute (
name: " Default”,
url: "{controller}/{action}/{id}",
defaults: new { controller = ”"Home”, action = ”Index”, id =
UrlParameter. Optional }
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4.9 ASP.NET MVC - Theory and Example

Figure 4.4 shows the model which will generate names and age using a for loop in the
constructor. If the names were to be fetched from a database it should happen in the
model. However, they could also be fetched in the controller, but that may reduce the
readability of the code.

public class User

{

}

public string name { get; set; }
public string age { get; set; }
public User(string name_, string age_ )
{

name = name_;

age = age_;

public class Users

{

public List<User> users = new List<User>();

Users ()
{
for (int i = 0; i < 5; i++)
¢ User user = new User(”Name” + i.ToString(),
users.Add(user);
}
}

i. ToString());

Figure 4.4: Model
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4 Technical Analysis

The view is shown in Figure 4.5. The razor engine, which enables C# inside the view,
will populate a table containing all the user names and age. No server code is executed
on the client. The client will only receive the generated HTML code.

@model reportExample.Models. Users
<table class="table table hover table condensed col md 12”">

<thead>
<tr>
<th>Name</th>
<th>Age</th>
</tr>
</thead>
@foreach (var item in Model.users)
{
<tr>
<td=>@item .name</td>
<td>@item.age</td>
</tr>
}
</table>

Figure 4.5: View

Figure 4.6 shows the home controller. In this example, it will create a new model of the
type Users and return it with the view.

public class HomeController : Controller

{
// GET: Home
public ActionResult Index()
{
Users users = new Users();
return View(users);
}
}

Figure 4.6: Controller
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4.9 ASP.NET MVC - Theory and Example

The layout of the page is placed in a separate fle. When creating a view it is possible
to set the layout instead of write the whole layout into the view. The layout is shown in
fgure 4.7 and contains the code line "@RenderBody()”, which is where the view will be
inserted. For readability most of the HTML code drawing the layout is removed.

<IDOCTYPE html>
<html>
<head>
</head>
<body>
@RenderBody ()

</body>
</html>

Figure 4.7: Layout

Figure 4.8 shows the result when running the application. The view and layout are marked
in the fgure.

Name Aoe
NameO 0
Name1 1
Name2 VIEW :
Name3 ’
Name4 ¢

© 2018 - My ASP.NET Application Layout

Figure 4.8: Layout
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5 Development: Methods and Design

This chapter will give the reader an overview of working methods to achieve the desired
functionality given in chapter 3. Framework, tools and services will be chosen based on
the analysis in chapter 4.

5.1 Working Methods

There are many approaches for developing a piece of software. Unifed process is one of
them, which focuses more on designing the software before it is written. By collecting
functional requirements based on software specifcations and requirements, it is possible
to divide the software into pieces. These functional requirements will then be iterated
through, where the software mostly will be designed before it is written. However, this
requires more experience and knowledge about how to write the software in advance. In-
stead, RAD was chosen as working method as it does not focus as much on pre-design
of the software, but more on fast prototype development. Then the customer can give
feedback on the prototype, which then will be used for further development. The soft-
ware prototype will be improved rapidly by iterating through the stages from design to

prototype. [32]

5.2 Frameworks, tools and services

Frameworks, tools and services will be chosen based on the analyses in chapter 4. Open
source, cross platform and previous experience laid the basis of the decisions.

5.2.1 Database

Microsoft SQL Server was chosen as database for the project due to previous experience.
As Microsoft SQL Server now supports Linux in addition to Windows, the database can
be hosted on a Linux server [15].
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5.2.2 Website

It was decided to use ASP.NET Core 2.0 MVC for website development due to previous
experience programming in C#. MVC architecture itself also clearly separates code logic,
which makes it more suitable for readability and maintenance. Visual Studio 2017 was
chosen as IDE. Libraries are installed using the NuGet Package Manager [33].

The front-end tools in the context of web site means HTML, JavaScript and CSS libraries.
Bootstrap was decided to be used for web site design as it is widely used and intuitive
[34].

Chart.js was chosen as charting library for the web site as it seems intuitive and elegant in
use [18]. Moreover for generating reports it was decided to use Google Charts for plotting
[19].

5.2.3 Mobile App

Due to work load and access to hardware it was decided to only implement an app for
Android. Xamarin.Android was chosen as framework using Visual Studio 2017 as IDE
[35].

5.2.4 Services

The services should use the open source and cross platform .NET Core implementation
of the .NET framework [36]. Then it is possible to target both Windows and Linux as
Server.

FCM was chosen as service for sending push notifcations. [37].

5.2.5 Hosting

Azure Cloud Hosting was chosen to host the solution for development and testing [29].
However, cross platform is emphasized, so it should be possible to host on diferent plat-
forms.
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5.3 Initial Software Design

5.3 Initial Software Design

Some general use cases and sketches was initially made to act as base for the software
design. As mentioned in section 5.1 RAP was chosen as working methods for software
development, and the software will therefore be continuously improved as the customer
gives feedback.

Figure 5.1 shows a detailed overview of how the diferent parts is planned to interact with
each others. Interactions between the server and the mobile app should happen using the
HTTP protocol.

Some early sketches were made to give a brief indication on how the website and mobile
app might look like. These can be seen in Appendix B. The use cases can be seen in
Appendix C

Server i ASPNET Core ! . Website-Client
I P | Website functionality
MVC Dl 7| and navigation
API - Presentation
Get data of data
APl el T~ T [
Mobile-App Mobile-App
Log in/out
Functionality and
API ) . presentation of data
Push naotifications g
Database subscribe/unsubscribe | 11

Firebase Cloud
Messaging

—-—> Push natification

Montoring stations
]

API
Send monitoring data
to server

""""""""""""""""" . | E Montoring station

\\ Console App Core :

Service -
Generate push :
notifications g .External datasources:
b : | :

Service -
Get data from external

datasources External datasource

Figure 5.1: System overview
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6 Database - Implementation

This chapter will cover design and implementation of the database.

6.1 Design

The database design was made using erwin Data Modeler [38]. The implementation can
be seen in fgure 6.1. The tables can roughly be divided into fve groups with diferent
responsibilities:

= User information

= Source and parameter information
= Status information

= Push notifcation confgurations
= API confgurations

The table USERS holds information about the users like for example email addresses,
user names and passwords. The password is hashed with a random salt value. In order
to authenticate users, the salt value needs to be stored in the database, which is done in
the column UserGuid. Furthermore, any user confguration is related to the USERS table
through the table USERCONFIG. Also, in order to limit or grant user access to diferent
functionalities, the USERS table is related to a table called USERROLES, which relates
roles to an specifc user by the roles stored in the table ROLE.

The actual storage of any sources within the system happens in the table DATASOURCE.
It stores information like names, descriptions, areas, positions etc. In order to give a source
a location inside a geographical area, the tables AREALEVEL1 and AREALEVEL?2 were
made. For example Grenland area will be stored