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Abstract

This is a system project report explaining Earth observation project undertaken during my
internship with XSealence S.A. The project was proposed by the company but since it was a
large project it was divided into small several units and assigned to various groups. The report
has been divided into various chapters which discuss the software development life cycle of
Earth observation system. the project used agile development model which allowed the
project to be divided into various phases. The first phase is discussed in the first chapter
which helped state the motivations behind the project. Buoyed by rising demand for marine
weather forecast XSealence S.A company developed a marine weather monitoring web
application to monitor and predict weather data based on data downloaded from Copernicus
marine monitoring service. So as to have an installable system that can be installed on sea
vessels XSealence S.A developed a desktop version of the same. This report discusses the
development of earth observation system which is the part of the main desktop application.
The aim of developing earth observation was to help predict the marine weather. The project
initialization involved setting project aims and goals which were to guide through the
development process. The main project goal was to deliver a desktop application that will
help forecast marine weather. The application was linked to Copernicus marine monitoring
service where it downloaded data in a .nc format and converted to .txt format.

The system requirement phase involved the collection of functional requirements of the
system. With the help of my supervisor, it was established my part of the main system only
needed to predict marine weather including water and ice speed, water velocity, sea surface
height, temperature among other marine weather options. These capabilities of the system
helped in system design and development to ensure the final product meets the set targets.
UML diagrams including use case, data flow diagrams helped illustrate the flow of
information in the system. These designs together with class diagrams were converted into a
working solution during system development phase as planned in the project planning phase

of the agile methodology.



The system was tested for the achievement of system goals and objectives as stated in system
functional requirements. Functional requirements achievement was tested using test use case.
The test case tested every functionality of the system to establish the non-achieved goals and
objectives. These defects found were communicated to the developer for correction in the
subsequent releases. The system has been handed to the XSealence S.A for integration with
another main desktop application. The entire system maintenance and deployment will be
done by the company. To close the project, documentation was done to cover all activities of

the project.

Vi
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Resumo

O presente relatorio foi dividido em varios capitulos que discutem o ciclo de vida do
desenvolvimento de software de um sistema de observagdo da Terra. O projeto usou um
modelo de desenvolvimento &gil que possibilitou a divisdo em varias fases. A primeira fase €
discutida no primeiro capitulo que ajudou a indicar as motivacGes por trds do projeto.
Impulsionada pela crescente necessidade de uma previsao meteoroldgica maritima a empresa
XSealence S.A desenvolveu uma aplicagdo web para monitorizacdo e previsdo, do estado
tempo maritimo, baseada no servico de monitorizacdo maritimo Copernicus. De modo a ter
um sistema que possa ser instalado em embarcacdes maritimas, a XSealence S.A desenvolveu
uma versao desktop do mesmo. Este relatério discute o desenvolvimento de um sistema de
observacao da Terra, que faz parte da aplicacdo de desktop principal.

O objetivo do desenvolvimento da aplicagdo “Observagdo da Terra” foi ajudar a prever o
clima maritimo. A parte inicial do projeto consistiu na definicdo dos objetivos e metas do
projeto que guiardo o processo de desenvolvimento. O principal objetivo do projeto era o de
entregar uma aplicacdo de desktop que ajudaria a prever o clima maritimo. Esta aplicagdo esta
conectada ao servico de monitorizagdo maritima Copernicus, do qual sdo descarregados 0s
dados em formato “.nc” e convertidos em formato ".txt".

A fase de requisitos do sistema envolveu a recolha dos requisitos funcionais do sistema. Com
a ajuda do meu supervisor, foi estabelecido que a minha parte do sistema principal so era
necessaria para prever o clima maritimo, incluindo velocidade da agua e do gelo, velocidade
da &gua, altura da superficie do mar, temperatura, entre outras opcdes, de tempo maritimo.
Estas capacidades do sistema ajudaram na concecéo e desenvolvimento do mesmo de modo a
garantir que o produto final atinja os objetivos estabelecidos. Os diagramas UML, incluindo o
caso de uso, diagramas de fluxo de dados ajudaram a ilustrar o fluxo de informacdes no
sistema. Esses projetos, juntamente com os diagramas de classe, foram convertidos numa
solucéo de trabalho durante a fase de desenvolvimento do sistema conforme planeado na fase

de planeamento do projeto da metodologia agil.
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O sistema foi testado de modo a avaliar se as metas e objetivos do sistema foram atingidos
conforme o estabelecido nos requisitos funcionais do sistema. A afericdo dos objetivos
definidos nos requisitos funcionais foi efetuada usando um caso de uso para teste. Para tal
foram testadas todas as funcionalidades do sistema para de modo a identificar metas e
objetivos ndo alcancados. Estas “imperfeicdes” forma comunicadas ao “desenvolvedor” do
projeto para corregdo nas versdes subsequentes. O sistema desenvolvido foi entregue a
empresa XSealence S.A para integracdo com outra aplicacdo de desktop principal. Toda a
manutencdo e implantacdo do sistema sera feita pela empresa. Para concluir o projeto foi

elaborada documentagdo de modo a descrever e ilustrar todas as atividades do projeto.
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Chapter 1: Introduction

1.1 Background information

The weather forecast is fundamental for conducting our daily activities. Agriculturists agree
that weather forecast information helps them to prepare for the planting and for harvest.
Airport control centers need to comprehend local environmental condition to schedule flights.
Fishing activities might want to know the prevailing weather information before going into
the sea for fishing. Weather forecasting help makes informed decisions on everyday life as it
offers various information including expected rains, wind strength and direction, expected

temperatures, humidity, atmospheric pressure and many other aspects of weather.

Weather forecasting includes collection available weather information describing the current
state of the atmosphere (particularly the temperature, humidity, and also the wind) and using
the understanding of atmospheric processes (through meteorology) to determine or predict
how the atmosphere evolves within the future.

Present day climate estimating infrastructure includes a blend of computer models,
observation, and a knowledge of trends and patterns. Utilizing these strategies, sensibly
precise estimates can be made up to around one or two days ahead of time. From this data,
point by point estimates is less helpful, since atmospheric conditions like temperature and

wind direction are extremely unpredictable.

The vast majority of the computer models utilized for forecasting are controlled by the
National Weather Service, which makes figure models in view of complex equations. These
models are utilized by a wide range of climate and news benefits in getting ready day by day
estimates. Local climate observers, balloons, satellites, and climate stations additionally help
give information on weather derived from the collected data estimates.

1.2 Significance of the project
There is increasing recognition that climate encompasses a central role in world economic and
social sectors. Climate directly affects the prosperity within of the many sectors, like fishing,

insurance, agriculture, energy, and health. Similarly, unfavorable weather conditions have



negative and prolonged impacts, as well as reduced private sector investment and productivity

related to economic and environmental uncertainties.

Weather forecasts play a very important role in the fishing activities because they to plan their
schedules by considering the weather forecasts. And in the recent days fishing activities are
increasing day by day, and overfishing is one of the major problems in the marine territory
which is grabbing the attention of the authorities of national and international. Overfishing
only occurs, when the number of fish caught exceeds the set number of fishes to be caught in
a certain period of time and there is no natural reproduction replacement done[1]. Overfishing
creates marine life imbalance as well as affect the coastal communities who depend on fish
for their way of life. Billions of people depend on the fish for proteins, in the case of marine
life imbalance if there is an imbalance then it’s going to affect the billions of people around
the world. In today’s life, more than 85 percent of fisher’s life have been crossed beyond their
biological limits and also, they are targeting the particular species in the ocean which leads

abundance of smaller marine species for this it requires strict rules and regulations.

The rate of illegal fishing activities has been increasing in the recent years in various areas.
Various fishing regulation authorities have tried to come up with policies, procedures, and
systems to curb illegal fishing. As a result, various technologies to avoid illegal fishing
catches are been developed and implemented. Such regulation bodies include the XSealence,
which is one of the companies which are developing vessel tracking application. The
application allows regulation bodies can keep track of the vessel. The application monitors
fishing activities and can detect when illegal fishing catches have occurred as well as a
monitor if captured fish belong to protected species. The application also helps determine if
the limit of weight of the allowed species has been exceeded. By using these kind

technologies, we can easily maintain the marine life in a balanced way.

1.3 Reception Entity
The entity hosting this stage was Xsealence S.A. - Technologies do Mar SA, a company
founded in 2013. Its main business area is maritime technologies, namely control, monitoring,

and control. XSealence belongs to the Trailtec group to which Tecmic also belongs.

XSealence has roped in various partners so as to increase its service delivery and ensure
quality marine life is protected. These partners include Aqua fish, JRC, IRPA, COMSAT,
IRIDIUM, INMARSAT, NAUTEMA, Grupo LR of Israel, CE among other as shown in the
figure below. XSealence relies on these entities for enhanced performance. The companies
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share expertise and ideas on how to improve marine life. At the client level, it has MPA,
IRPA, DGRM, among others. The area of influence extends to Portugal, Angola, Turkey,

Ireland, Spain, and France.

Q Swreasil s e

lence

X
Parceiros de negocio e tecnologicos

Grupo LR

Figure 1: XSealence business and technology partners

1.4 Significance of Research

In the past years, fishing was thought to be a leisure activity which mostly was done by the
youth and their hobby. However, today fishing is considered a commercial activity which has
attracted a lot of interest and activity alike. Fishing has grown to be a source of living for
various families. Counties neighboring seas and oceans have engaged commercial fishing
with some countries exporting the fish. This serves as part of the country income and thus
boosting their economy. With commercial fishing being carried out in various water bodies,
fish regulation and monitoring have grown to be one of the most key activity in marine life

protection.

Various technologies are emerged to monitor shoals and fishing vessels which can carry tons
of fish. This evolution technology has allowed increasing the fish supply as well as allow
capturing of different variety of fish species and deliver them to the market. This kind of
development has brought good things for humanity, upon that it has also brought the problem

of overfishing and illegal catches.



In the last few years back there were no problems like overfishing because at that time there
were no technologies and no proper vessels to carry the fish. These problems have gained
increasing attention in recent years as they challenge sustainable fishing. Overfishing is not a
recent phenomenon but has been there and its worsening in recent decades[2]. According to
the FAO, today, 25 percent of all the world fish stocks are either over-exploited or exhausted
and another 52 percent are being fully exploited. Fish overexploitation has led invited slow
and sure collapse of the fish industry with almost 80 percent of the fish and their species
being overexploited, depleted or in the state of collapse[3]. Overfishing that can be described
and characterized in several ways, but the idea is almost always the same: to make excessive
catches in a short period in each ecosystem. In this way, the ecosystem will gradually
degrade, for this reason, the quantity and variety of species present in this ecosystem are
becoming smaller and smaller [4]. lllegal fishing creates a number of problems in the marine
world, and it’s made to create the measures on them, such as to keep track the catches that are
made. This Illegal catch is also a problem for sustainable fishing. This kind of overfishing
should have rules and regulations in order to maintain the ecosystems in a balanced way and

if they cross the limit they should be punished.

1.5 The proposed solution

The proposed system is a desktop application that gives marine weather prediction for the last
10 days. The given data include water and ice speed, the direction of the wind and other
aspects of marine weather. Nowadays sea technologies are improving day by day, in order to
help the marine community people. XSealence is one of the sea technologies company which
is developing the application called vessel tracking, previously they did it web application
called “web vessel tracking”, now they are working on the desktop application. XSealence
already developed a device called MONICAP(monitoring and control of fishing activity)[5] is
one of the systems which can help to prevent illegal, overfishing and also keep track the
vessel. This MONICAP system is a VMS (Vessel Monitoring System). In brief about these
two concepts are, they are the systems which are installed in the vessel this system helps to
monitor their position and realized catches. This information is then transmitted to a control
center where the fishing activity is monitored by the competent authorities, in particular
fisheries authorities and the maritime authorities [6]. By using these kinds of application, the
user can see the information about the vessel, they can create alternative sea routes when the
intended route has bad conditions as shown by the application. Also, the application has a
good Integrated Control Center (ICC) which is the desktop application that is installed
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together with the MONICAP software at the control center to communicate with the shipping
vessel. In that project, my part of work is Earth Observation which is explained in detail in the
upcoming chapters. The project was started so to help people around the globe see various
weather information of some specific areas defined by their coordinates. The desktop
application will show various marine climatic conditions such as ocean mixed layer thickness
based on sigma theta, sea ice thickness, sea area fraction, ice velocity towards a various
direction, potential temperature, water salinity, water velocity and other various sea weather
aspects. This information will not only help the fishermen but sea sailors as well. The boat
controllers as well as shippers control towers will be able to monitor prevailing conditions in

the sea and about the locations of their ships and advice the ship crew accordingly.

Ocean or sea weather data is crucial for all sea users as it serves to predict the conditions to
expect and prepare a disaster management plan for any eventuality. Such data can help save
lives and help fishermen is their daily fishing activities. The information is equally useful to

boat and ship users as the sail through the sea or ocean.

1.6 Aims and Objectives

The application was developed primarily to give weather forecast to sea and ocean bodies

Uusers:

i. To provide marine weather forecast to fishermen and sailor as well as marine
regulatory bodies;

ii. To predict possible marine weather information such as ice and water velocity

iii. To offer specific marine information about a specific location indicated by its
coordinates;

iv. To provide past 10 days data on marine weather to help in informed decision making;

v. To design and implement an offline marine weather forecast information that can
installed on sea vessels to help in times of bad internet connection problems. The
desktop application will offer reliable and easily accessible marine weather

forecasts.



1.7 Structure of the document

This paper will be organized into various sections in form of chapters. Each chapter will seek
to address a specific issue on fishing and weather monitoring of the proposed desktop
application.

» Chapter 2: This chapter discusses the various systems that exist for vessel and fisheries

monitoring.
* Chapter 3: This chapter discusses the GIS map engines.

» Chapter 4: This chapter explains in detail the development methodology used, project

planning and management.

* Chapter 5: This chapter outlines the Copernicus Services and technologies used.
* Chapter 6: This chapter discusses the Backend development.

* Chapter 7: This chapter explains the Frontend development and Tests.

» Chapter 8: This chapter reflects on the work developed throughout this stage and describes

the future work.



Chapter 2: State of the Art

2.1 Overview

In this chapter aims to describe the existing systems technologies that are used for the weather
forecasting, and WMS (Web Map Service).

2.2 Weather

Weather provides the state of the sea based on marine data collected. For fishing activities,
weather information is extremely important. Fishermen and fishing companies need ocean
weather forecasts like sea temperature, sea water velocity, Ice speed, wind speed and so on, so
as to know when it is safe to go fishing and when it is not. Earth consists mainly two
important pressured environments weather (Air and Water). Sensible weather and the day-to-
day weather that we experience every day is one of many factors that affect fishing as well as
our daily lives. But weather plays a very important role for fishing because before entering the
sea, the fishers will check the state of sea i.e. sea temperature, water velocity, the wind etc. By
doing this they will get information about the state of the sea, and moreover, they can watch
the earlier day's atmosphere and anticipate the future day's climate, and ultimately, they will

get a sensible thought with respect to the weather.

For the weather forecasting, there are existing applications, which may be seen everywhere
from desktop to smartphones or even wearable devices. some of them are Microsoft desktop
application, Google weather, now a day there are so many weather applications are available.
In the below figure2(which is taken from the MSDN application[7]) which gives the overview

bar graph and also line series graph.



Search ,O

Leiria, Portugal é Rainfall

Historical Weather

Figure 2: MSDN Weather Report in bar graph

In figure 2, we are observing two tabs in the i.e. temperature and rainfall. In the temperature it
will give the normal temperature level of all months in a year, we can see that in the above
figure we normal temperature of all months, however, this is not precise, it's just with an

average temperature of a specific month.

€ Weather

Forecast Search

—

| Summary Details

7°

Thu Fri

11pm

Figure 3: MSDN line series graph

In figure 3, its line series graph but this is giving the information on hourly basis, this hourly
basis temperature is also important for fishing because they can easily decide about the next

movement.
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For fishing activities with these weather data and graph if its include the layers like
temperature, wind, water velocity, ice speed etc. on the top of the map it’s easy to recognize

the weather information. In the next section is going to discuss these WMS layers.

2.3 WMS Layers

In the recent last ten years or so, there has been a great innovation of geographical
information science and technologies which have tremendously increased and thus making
the whole idea of marine sea weather forecasting easy and enjoyable. Today there are more
than ten thousand map layers are available in online through Open Geospatial Consortium
(OGC) specified an interface, such as Web Map Service (WMS), Web Feature Service
(WFS), and Web Coverage Service (WCS)[8]. A Web Map Service (WMS) layer is built on
data from OGC (open geospatial consortium) WMS server. The web map service layer allows
the users to access these services over the internet. It produces maps of spatially referenced

data dynamically from geographic information[9].

WMS provides the spatial information to the internet users by the map images, this spatial
information or data are stored as vector data. It is very difficult to load the whole image
showing the entire map of a requested location, thus when the requests are made, the image is
divided into several sub-rectangles. Subdivision to multiple rectangles allows fast to loading
of the images on the map, for example each sub-rectangle is sent to a WMS node to produce
some sub-maps, the resulting map is produced by these sub-maps and moreover all these sub-
maps are produced in parallel so in this way its saves the loading time of the WMS layers on
the map [10].



2.4 WMS Architecture

(gif, png, jpeq, wbmp....etc.)

Imanes ‘

web map sernver

WMS ‘

Data Store

Figure 4: WMS Architecture

The above figure demonstrates the WMS architecture, the data is stored in the data store and
it’s made accessible to others for use by means of the WMS. The more details about the WMS

is explained in the upcoming chapters.
A simple WMS request is explained as follows:

1. Server details (a WMS 1.3.0 request);
2. Request type (WMS Get Capabilities);

3. Layer name (global-analysis-forecast).

The WMS provides simple HTTP interface for requesting geo-registered map images from
one or more distributed geospatial. The WMS requests define the layers to be processed, the
response to the request is in the form of images (returned as JPEG, PNG, etc.) which is
displayed on the desktop or browser application. The request and response from the WMS are
done according to a specific standard[11], there is three standard and third is optional from the

given below:

1. GetCapabilities: This standard, which can query the WMS' capabilities;
2. GetMap: This standard, requests a specific map;

3. GetFeaturelnfo: This standard, requests information on individual map objects.
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WMS solicitations are composed of the address of the server the request is being sent to and a
progression of parameters. There are two sorts of request that are needed for any WMS
request for GetMap and GetCapabilities. In spite of the evidence that GetCapabilities is
typically the main request sent, it's less complex that GetMap and not generally required, so
it's clarified later. A GetMap ask for is diagrammed beneath, separated into its segments. The
GetMap ask is broken into three lines, however, it's only one demand. GetCapabilities
solicitations can be made by embedding’s "GetCapabilities" set up of "GetMap" in the
"REQUEST=" parameter. No different parameters should be indicated.[12] For instance, the

valid GetCapabilities request is as given below diagram.

separates server 3. Identifies this
1. Address of WMS server and (sep
. address and request as a
version of the WMS software
parameters) WMS request

l

version=1.3.0&service=\WMS&REQUEST=GetMap

1 L]

2. The “&" sign 4. Type of
separates parameters WMS request
5. Tells the server which 7. Defines the map’s
“layer” (which map) to return format (a .png image)

&LAYERS=MODAL2_D_CLD_CI&CRS=CRS:84& FORMAT=image/png&HEIGHT=1800&

6. Defines the 8. Defines the height
coordinate reference of the image in pixels
system (SOS needs
CRS:84)

11



11. Boundary Box setting- 13. Half-complete
defines which piece of the parameters do
map you're looking at nothing

9. Defines map
width in pixels

WIDTH=3600&TRANSPARENT=TRUE&BBOX=-180.0,-90.0,180.0,90.0&STYLES=rgh&

10. Sets the transparency 12. Defines the “rendering
of the map’s background style” of the layer

Figure 5: Example of WMS Request
In the above figure, it’s clearly explained that:

1. Server address which is provided in every WMS request made. The server address ends

with question mark parameter;

2. The sign & Separates statements/parameters;

3. Defines this string of letters as a WMS request;
4. WMS request defines the type of WMS request;
5. Additional Parameters.

In the next section going to explain the existing application which are using the WMS layers.

2.5 Existing application using WMS

In the present days, there are many applications which are using the WMS service, it may be a
desktop application or Web application. The WMS services are very important to the marine
traffic control and also human activities, by the help of the WMS services, weather layer can
apply on the top of the map so people can easily recognize where is it's more or less by seeing
the WMS layer. The reference application for our desktop application is Copernicus product,
the Copernicus is the European Commission site. Copernicus is a European Commission site
which can provide the weather data, WMS services and so on for the marine environment and
monitoring. And it's having their own product which used WMS services for displaying the
layers and it also shows the numeric data representation as shown in the below fig(taken from

Copernicus product)[13]
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GLOBAL_ANALYSIS_FO
RECAST_PHY_001_024

In the above figure 6 we are seeing various weather layers like temperature, sea surface
height, water velocity, ice velocity, potential temperature at sea floor, salinity etc. when the

user selects the layer, its connects to the server as discussed in the above section in order to

Global Ocean 1/12° Physics Analysis and Forecast updated Daily @
Productid: GLOBAL_ANALYSIS_FORECAST_PHY_001_024

Dataset: daily mean fields from Global Ocean Physics Analysis and Forecast updated Da ~
Variable: | sea_water_potential_temperature |
Units: degrees ocean_mixed_layer_thickness_defined_by_sigma_theta - |-0.49 v

sea_surface_height_above_geoid

sea_water_potential_temperature_at_sea_floor oy <
sea_ice_thickness

3485
sea_ice_area_fraction
eastward_sea_ice_velocity
northward_sea_ice_velocity
sea_water_potential_temperature
sea_water_salinity 21517
eastward_sea_water_velocity
northward_sea_water_velocity boxfill M
sea_ice_wvelocity tl)paque v
sea_water_velocity linear v
8183
515

W 135°W 90" 45"W 00°E 45°E S0°E 135°E

Figure 6: Layers of Copernicus product

reflect to the other layers on top of the map which is as shown in the below figure.

The numeric information of weather is essential for the marine monitoring because by
examining the past estimations of the weather information, they can without much of a stretch

predict the following day esteem. Copernicus website represents weather information using

13

Figure 7: WMS Layers




numeric data. The user clicks at a point on the map, for instance when users click at a

particular latitude and longitude it’s going to give the value of that specific point.

Feature Info

~ Clicked:
Longitude: -56.60813
Latitude: 4260835

Time: 2017-03-03T12:00:00.000Z
Value: 5.812769 — 20N
Vertical Profile Plot 724

Time Series Plot

Figure 8: Numeric data of weather

In today’s life, there are many desktops applications like Predict Wind Offshore, MSN
weather etc. and web application like marine traffic, fish weather (FW) etc. Predict Wind
runs a global weather model of 50-kilometer resolution using two sources. It generates 1
kilometer or 8-kilometer resolution forecasts for world’s popular areas [14]. Predict Wind
own several mobile applications and forecasting website as well to assist interpret weather
data collected. It uses various tools and representation charts such as line, bar graphs as well

as wind arrows and maps to show weather information.

MSN weather runs weather forecast mobile apps and the web an online web application
which offers the latest conditions expressed in hours, days or on the 10-day scale. The
weather app was designed to run on Windows platform. It supports various data
representation such as images and graphs. The app's features access a 10-day and hour
forecast from various weather data providers and historic weather averages. This capability
gives it a current weather data about various cities over the globe. The data details the weather
data, Doppler, cloud cover, travel maps as well as satellite. It helps prepare for the harsh and

severe weather in any city.
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Marine traffic[15] is one of most useful application for the vessel tracking in this application
they are providing the various layers on the top of the map, but they representing only one
weather layer i.e. wind layer which is as shown In the below figure 9(which is taken from
marine traffic[15]).

MarineTraffic ®LiveMap  asVessels -  JPorts ~ (@ Photos

v I ey

B Show Vessel Names = Al e f Py S/
B Projected Course: [ES minut £ J c N / G K Eandda ) —<

wind NG v K]
3 Ports
}, Marinas/ Small Ports
Y Stations
4 Lights & AtoN
[ Photos

4@ paylight
’:?QTIITIE Zone
SPNFS M ECAZones
|

3 ! s s
e LA fylay M S Aty

345 > OE i
T Ranari) Leaflet | © Mapbox @ OpenStreetMap Improve this map

Figure 9: Marine traffic layers

In the below its showing the numeric data representation of user clicked a point on the map.

A/ e AR EEEEEA~ 5355 38
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‘ ; WJJ\)L‘:—{L}" ==y .
S e A E I S S S TR
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Figure 10: Marine Traffic Numeric Representation

In the present technical world, there are many desktop applications related to marine
monitoring, Predict Wind Offshore is one among them. This one of the good desktop

application which can predict the wind, in this application they display the flow of wind
15



direction, the live wind direction is very helpful for the users or the marine community
people. Its gives alerts to the alerts to the users and represents the wind flow direction in
arrows and also in wind bars as shown in figure 11 [16].

Figure 11: Wind layer of Predict Wind application

Fish weather (FW) is another application which helps for fishing activities, it can predict the
weather forecasts by applying the layer on top of the map, in this application, they present
various layers of weather information like temperature, wind, clouds etc. For fishing
activities, the weather forecast is very important because by seeing this layer they can easily
decide the fishing activities. The application displaying the weather layers is as shown
below[17].

FW /@ My Weather Sign Up :: Sign In

Sea Surface Temperatures /2719 ~

My Weather
* Save Map

More Maps

. Forecast Map
Forecast FlowViz

OnSite Reports

|

06 March 4:11 PMAST |

Sea Surface L

Currents Forecast

Radar /

Precipitation

- Satellite / Clouds
"'

Temperatures

Wap daa £2017 < i Uee

Customize (Advanced) » v

Figure 12: Fish Weather (FW) layers
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Most of the weather apps discussed either run on windows or android applications. However,
Linux, 10S platform users have been equipped with weather applications as well. Weather
underground and free i0OS app have entered the weather forecast industry. The app runs on
both iOS and Android devices. Unlike other apps, Underground weather app uses a network
of personal weather stations. Other apps usually use NEXRAD radar data. The weather
stations have weather measuring suite of instruments. There are over 200,000 personal
weather stations that gauge temperature, wind speed, humidity, pressure, and direction [18].
The app gives a super detailed weather forecast hourly. The give radar imaging as well as
projected storm path. Weather Underground is user oriented as gives you what you really
need. For instance, most apps give when the sun rises and set but gives information on when
it will get dark. This helps travelers decide if to cycle faster so as to reach the expected

destination before it gets dark.

Dark Sky an Android and iOS app pulls data from national oceanic and atmospheric
administration network. The network consists of 140 radar stations spread across the US using
some fancy math to predict the hyper-local weather. International dark sky association
believes weather can be chaotic and individuals can see and predict weather patterns in local
and small scale. The app uses phone sensors to collect and generate local weather forecast via
its report feature on NOAA radars. The app focuses on now and presents location data. The
data predicts the next hour and within the user area[18]. The app has the ability to tell which
minute of the next hour it is going to rain through extended forecast features. The app also has
slick global view feature for global radar which show broad weather patterns over the globe.

Users can zoom in and see their country, state, and town.

Rain Aware is a hyper-local short-term forecasting feature referred to as “nowcasting”. Rain
Aware extracts data from radar, satellites and surface stations. The app has ability forecast
precipitation in the user local area as a way to predict the local storm path. The app gives a
detailed view of the weather in the next 3 hours. The app tells when is going to rain and how
long it will rain. The app also gives a general prediction of the next 24 hours, as well as 7
days, predict with up to date images[18]. The up to date imagery give minute storm
information and constantly update the prediction based on the storm movement. The app has

the capability to tell the nearest town where rain if falling
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2.6 Conclusion for State OF Art

In the above sections discussed about the existing application. There are various apps have
been developed to predict marine weather. Some of the apps such as Rain Aware have real
time reporting systems. However, the systems concentrate on only one element of weather
such as rain, storm, wind or humidity. Today many applications developed on weather
forecasting run on android, and iOS phones as the data carried is only useful to individuals.
However, earth observation is the part of the application that shows various voluminous
marine data which include temperature, water salinity, water speed, ice velocity and well as
wind direction and speed. The application can be installed on marine vessels to give weather
predictions for the last 10 days which other apps do not give.

In the upcoming chapters is going to discuss the technologies used and implementation of the

project in detail.
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Chapter 3: GIS Map Engines

3.1 Overview

This chapter discusses the two GIS search engines namely the Tatuk GIS and Sharp map. The
first section discusses the Tatuk GIS in the Tatuk editor, on the top of the Tatuk OSM
applying the weather forecasts layer. The discussion Visual studio that is window form and
WPF (Windows Presentation Foundation), later discussed the sharp map and final conclusion
about the two GIS search engines.

3.2 GIS Map Engines

GIS stands for "Geographical Information System" which is a framework for capturing,
storing, checking. GIS is primarily concerned with a showing of the related information to
positions on Earth's surface. GIS is the blend of computer both hardware and software as
talked about in the above explanation, it is composed around advanced database which can

store, manipulate, capture, analyze, create, and display spatially referenced data [17].

GIS employs the use of polygon warning to perform the geospatial analysis. GIS is used to
develop the proposed application as it will help in collecting the weather data on various
locations identified by their coordinates. The data will be used for plotting, analysis,
visualization and weather data interpretation. The interpreted data will serve as the
prognostication of weather. The application will help the marine authorities and users in
instantaneous of determining weather data in specific areas indicated by use of longitude and
latitude at various atmospheric isobars [19]. The GIS

GIS empowers people more effortlessly observe, analyze, and understand patterns and
relationships with GIS technology. GIS users can compare the locations of different things to
discover how they relate to each other. For instance, by utilizing the GIS, the client can
include a site that produces pollution like water contamination. This means using GIS, users
can easily determine which wetlands are most at risk[19]. Indeed, even the client can apply
the weather forecast layers on the top base map, which is clarified in detail in the upcoming

chapter.
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Figure 13: GIS layers

The different layers of map data are stored in the database, these different layers of the map
are having its own layer of map theme, for example, a layer for roads, a layer of soils, a layer
for rivers, etc. In figure 13(which is taken from [20][21]) is having a different set of layers,
the GIS is a kind of electronic overlay, query, manipulate, and combine the various layers to

create maps aimed at a specific purpose.

The map information is stored in the database is isolated into two fundamentals format which
is the raster design and the vector principal configuration. The vector format can store spatial
information as focuses, lines, or polygons. The vector GIS organization is much similar to
conventional paper maps. The vector GSI in fig 14 [20] is having great database availability,
great cartographic yield, yet it has poor surface displaying and restricted investigative
abilities. Fig 14 demonstrates the distinctive components in a vector GIS, with soils spoken to
as polygons, wastes as lines, and archeological locales as focuses.
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Figure 14: Vector GIS

The second method of GIS data modeling is raster. The model resembles spreadsheet arrange
with lines and sections. GIS raster model has a great surface display with great logical
abilities. However, it has to have poor cartographic yield[20]. The lines and segments of the
spreadsheet are fixing to x, y directions of the crossing point of each line and section shaping
a cell which compares to a particular region in this present reality. Fig 15 demonstrates a

similar soil map in Fig 13, but now in a raster arrange.

Figure 15: Raster GIS

The one very important type in the raster GIS is DEM (Digital Elevation Model). The changes
in elevation in the raster format are indicated by changing z-axis values in each cell. The
evolution in the DEM is continuously changing across the surface by creating a more realistic
model[20].
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3.3 TatukGIS Engine

The TatukGIS is one of the customs developing Kits, its developer kernel is a professional-
level GIS software development kit (SDK) for creating stand-alone, client-server, web server,
embedded, and mobile applications. TatukGIS is useful for adding GIS functionality to
effectively existing items, porting software from less creating custom GIS applications
appealing GIS advancements, and from scratch [22]. TatukGIS product supports the multiple
development platforms, some of them are Microsoft. NET for WinForms and WPF, Microsoft
ActiveX/OCX, Microsoft ASP.NET (for web solutions), Microsoft. NET Compact Framework
(for mobile solutions), Embarcadero Delphi/C++Builder VC etc. The best thing in the Tatuk
GIS is that each developer kernel edition reflects essentially the same API, framework, and
technology, which makes as possible to port GIS applications across development
technologies and operating systems. The TatukGIS Developer Kernel is known for execution,
rich and legitimate API, local support for most (raster, vector, and geodatabase) formats,
state-of-the-art support for coordinate systems, 3D representation, consistency with many

open principles, and sensible authorizing[22].

TatukGIS has the wonderful editor, Tatuk editor helps to merge the layers in an easy way, and
again it has lots of options to do various kinds of maps. The TatukGIS Editor is a
professional, universally useful desktop GIS mapping and information altering application
with inherent scripting condition for customization and highlight expansions. The highlights
include Viewing, 3D Viewing, Editing, Coordinate Systems, Rectification, Scripting,
Databases. Locally (without import or configuration transformation) opens and shows an
extensive variety of vector, picture, grid, and SQL database layer groups, including
progressed spatial server geodatabases. WMS, WFS, and WMTS mapping services might be
opened from the web. Complete visual layer property, legend, and scale controls support deep
customization of the map appearance[23]. The outlook of the Tatuk editor is as shown in fig
16. The Open Street Map tiles of the Tatuk GIS in the Tatuk editor, its opens smoothly and

clear it’s as shown below[24]
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Figure 16: OSM in Tatuk editor

3.4 Applying layers using Tatuk Editor

Tatuk editorial manager gives the best choice to check the WMS service layers fits for the
Tatuk OSM (open street map). Adding the layers to the OSM of the Tatuk GIS, from the
Copernicus, is a WMS service (Web Map Service). In the client-side, they can have diverse
variables like temperature, sea water velocity, sea ice velocity and so on. In this picture, the
OSM tiles of the Tatuk GIS is the base of the map and the layers are on the top, the users’
needs to make this service layer as translucent then both OSM tiles and layers are visible
legitimately. It works fine in the Tatuk Editor, then for the testing purpose, it was
implemented in Windows form as well as in WPF (Windows Presentation Foundation) which

is shown in the next section.
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Figure 17: OSM tiles with layers

3.5 Windows Form

The earth observation desktop application was developed in various releases. Each release
was closed tested by my supervisor and the feedback worked on. In the end of the project, we
ended up with a WPF form of weather data representation which was perfected from
annotation representation. In the windows form, OSM tiles of the Tatuk GIS work properly
and smoothly, but when the users try to add the layers on top of the OSM tiles of the base
map, the OSM is not visible properly, its little bit hard to recognize the weather forecast
layers, we overcome this problem in the WPF which is in the next section, the OSM tiles in

the Windows form is shown below.
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Figure 18: Tatuk OSM tiles in windows form

3.6 WPF (Windows Presentation Foundation)

The main reason for implementing in the WPF is that our whole company project in the WPF,
SO0 my company supervisor advised me to do it in WPF. Windows Presentation Foundation
gives a very nice graphical representation of weather data with different types of layers or it’s
very easy to change the layer from one layer to the other layer, but it takes lots of time to load
or update the layer for example if user switch the layer from temperature to sea water velocity
it takes lots of time to update the layer. WPF gets the layers from the online server and thus, it

takes the time to update. OSM tiles and layers in the WPF is as shown below.
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Figure 19: WPF with OSM and Layers

3.7 Sharp Map

Sharp Map is a simple to utilize mapping library for use in web and desktop applications. It
gives access to many sorts of GIS information, empowers spatial questioning of that
information, and renders lovely maps. The engine is composed in C# and based on the.Net 4.0
framework. [25] In the sharp map, the OSM (open street map) moves smoothly when
compared to the other OSM GIS engines. Adding the WMS layers to the Sharp map is a really

easy process, but its coast is too high.
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Figure 20: Sharp Map with WMS layers
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3.8 Conclusion for Selecting GIS

In above sections, we saw two GIS engines that are Tatuk GIS and Sharp Map. In Tatuk GIS
it’s easy to apply the layer directly from the server. On the other hand, in the sharp map, it’s
easy to apply the layers from the server. However, the one of the main reason for selecting the
Tatuk GIS is that sharp map is costlier then the Tatuk GIS and moreover later company

decided to work with the Tatuk GIS, thus we continued with the Tatuk GIS in our project.

The following chapter continues with the marine data downloading the data from the

Copernicus by using the python script.
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Chapter 4: Methodology and Management

4.1 Overview

This chapter reviews various project management practices that were used during the earth
observation life development process. Various project methodologies such as waterfall, agile
and incremental were reviewed and evaluated on which was best choice for the project.
During development, the project was divided into small manageable parts and organized into

work breakdown structure for easy development.

4.2 Project Methodology

This chapter depicts the development methodology used in the development of the project,
and its planning and management. There are many steps in the software development which
include the requirement, analysis, design, and development. Deployment and maintenance
phase. However, most of the time will be spent on analysis, design and development phases.
However, the other phases such as requirement phase where requirement collection and
elicitation are done are crucial as they form the basis of the next phases. Failure to do a
thorough work in requirement phase leads to various revisions of the phase when the project
has already started. Revisions of the previous phases are restricted by some software
development life cycles. These models include the traditional linear models such as waterfall
methodologies. However, other methodologies such as agile, incremental and prototyping
process models allow iterations. Software lifecycle iteration help improves the final product
and thus the client is well satisfied [26]. So as to fulfill the customer requirements, they
should follow all phases in the development. Customer collaboration is allowed in agile
methodologies.

Waterfall methodology also known as the traditional model is a linear sequential software
development methodology that decomposes the project into various phases designed to
perform a particular activity. Each phase of waterfall model must be completed before the
successor phase is started. The model is usually used when the requirement is not going to
change or there are not requirements uncertain. Each phase is reviewed independently so as to
determine if the project is on the right track[27]. Also, the phase must be reviewed as once the
next phase is started the previous phases are closed and can be revised. The model is typically

applied when it is known at the outset that it is possible to carry out the complete survey of
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the requirements of a project. This means that most of the system requirements, and the inputs
and outputs that it has with external systems are well known (if any) [26]. The flow of the

development of the project is as shown in the below waterfall model[28].

Requirements

System Design

Figure 21: waterfall model of the software development model (SDLC)

Incremental software development life cycle involves incremental requirement analysis,
designing and implementation and well as testing. These phases are added incrementally till
the project is closed. When all the system increments as specified in the model have been
attained, then the project is marked complete. The incremental model divides the entire
project into small manageable project increment which is developed incrementally and given
in form of releases [29]. The increment is released to the marked for partial use and they wait
for the main project which is finalized after several other increments. This way the product is
allowed to enter the market earlier than when using traditional model. The model phases of
specification, development and validation phase are interlinked as shown in the figure below:

The incremental model applies the use of multiple linear sequences phase just like waterfall
model. The sequential phase improves the functionality of each system release until the entire
planned functionality is achieved. The sequential phases of the incremental model are shown

in the figure below[30].
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Figure 22: Incremental Model of the software development model (SDLC) showing various increments up to

nth increment

Another widely used model known as agile model encompasses various process such as
Scrum, Extreme programming, rapid application development, enterprise agile and agile
unified process. The agile model involves a set of practice such as iterative practices, adaptive
planning, teamwork, customer collaboration as well as early delivery. As a result, the process
model gives a perfect product which has severally been reviewed by the client who is part of
the development team and given feedback for improvement. Agile approach releases a small
increment after every iteration which is given to the client for review[31]. The agile approach
is non-linear as it forms a cyclic process that keeps repeating itself as a result of iterations as
shown in the figure below [32].Several cycles results to various releases and improvement of
the previous release functionality leading to perfection. The previous releases are well tested
with client-centered approach and feedback used to improve the quality of the product. Agile
practices exhibit highly related dependencies which need a strong and technical development
team. The skills will be used to ensure good business requirement analysis. The design and
development phases of the model require highly skilled and experienced teams of designers
and developers. However, such requirements of the development increase the cost. Also, the
ability to support adaptive planning which helps redo the requirement, analysis, design and
development phases increase the cost of the project. However, iterations help improve the
quality of the product. According to Gupta, regular changes affect the project structure and

thus degrade the structure leading to project scope creep[33].
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Figure 23: Agile Model of the software development model (SDLC)
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Parameter | Process Waterfall Incremental Agile
Model> Model Model Model
Clear Requirement Change
Specifications Initial level Initial level incrementally
Feedback from user No No No
Speed to change Low High High
Predictability Low Low High
At imitial
Risk identification level No Yes
Practically
implementation No Low High
Highly customer
satisfaction and
Systematic Iterative incremental
Loom sequence sequence development[09]
Any variation done Yes-v model | No No
Understandability Simple Intermediate Much complex
Core product
Requirement | should
clearly clearly
Precondition defined define No
Most use now a
Usability Basic Medium days
Customer priority Nil Nil High
Industry approach Basic Basic High
Cost Low Low Much Expensive
Resource organization Yes Yes No
Elasticity No No Very high

From the above methodologies, it is clear that agile approaches will be best suited for product
development. The models use agile practices such as adaptive planning, iterations, and
customer collaboration. The project has gone several iterations which have been revised to get
an improved and quality product. The customer collaboration, in this case, my supervisor
always took a customer look at the product from a customer perspective. The first product of
the weather forecast applied layers on top of the base map using the Tatuk map. The Tatuk
editor was used to merge base map with web map service (WMS) layers. The product
graphical user interface allowed the user to click and view data. When a certain point
illustrated by coordinates a checkbox was opened and layers were listed. This product was
tested for the functionality and forwarded to my supervisor for further quality assurance

testing.
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The first application allowed the details to pop up with specific numeric information of the
specific point clicked by the user. This representation was done in the windows form.
However, my supervisor noted some user problems on navigating the background window
when the pop-up window is on. As a result of the feedback, a second cycle was started to
perfect the product. In second release annotation representation was used to solve this
problem which allows the user to move the background map when the annotation is on.
However, just like a stubborn client, this was not all. The supervisor asked for a more
improved application that could allow the viewers to see the weather for the last 15 days.
These days were to be represented in a graph. These features called for a third-round iteration
which in the provided a perfect product which was absorbed by the company as result.

The product was developed through a series of activities which involved
Requirements collection and analysis:

In this starting phase, the potential requirement of the application is methodically analyzed,
and note down the analyzed specification document, in the later stage this document serves as
the basis for all future development work. In brief, the requirements document defines what

the application should do, but not how it should do it.
System Design:

In this second phase largely covers the technical design requirements, for example,
programming language, data layers, services, etc. The specification of the design will
typically create outlines how exactly the business logic covered in the requirement will be
technically implemented. The main goal of this phase is to "get across to a screen” the various
ideas of how the project will work. In this way, it is possible to avoid possible problems and
ensure that what was designed is in accordance with the intended. At this stage, a design of
the system/application architecture and the interactions that it has with external sources is also

conceived;
Implementation:

The design of the system is verified and the implementation begins according to the design,
the real source code is finally written in this phase i.e. implementing all modules, business

logic, and service integrations that were specified in the previous stages.
Testing:
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The system testers included my supervisor who assisted me in make necessary
recommendations. The supervisor assisted to systematically discover and report the issues
within the application that need to be corrected. This phase is the crucial phase because it

requires repeating the previous coding phase in order to fix the bugs.
Maintenance:

This is the final stage where the project is already in production, and it will receive the
necessary maintenance, mainly correcting the errors that have not been identified in the

previous phases, and required to keep it functional up to date.

There are minor differences in the numbers and descriptions of the steps used in agile
approach, depending on the developer. Regardless, the concepts are all the same and
encompass the broad scope of what it takes to start with an idea and develop a full-scale, live
application. In the above model, it’s possible to go back to the previous phases at any stage,
for example, in case it is found that a requirement needs to be updated/modified or in the
event that a function is not implemented as intended. Even though this project is doing not
have concrete clients, so this role was done by the company’s advisor. Here he is the person
that the requirements were defined and approved, as well as, the verification of the
implementation of the same, that is if they were in accordance with the intended. In practice,
at each stage, the objectives achieved were regularly evaluated with the company's supervisor

in order to receive feedback and, if necessary moved back to an earlier stage.

4.3 Project Management

The project is large with limited resources. To ensure quality end product has achieved the
project was divided into several activities with subtasks for easy development.

The internship began on September 12, 2016, and ended on June 12, 2017. During the first
two months of the internship, Study of the state of the art regarding GIS engines in WPF,
taking into account the identified requirements namely, WMS feeds integration. This phase
served to acquire knowledge about the various GIS technologies that exist, how they could be
integrated into the project and the various concepts inherent to this type of technology, such

as the concept of feature and layer, or the concept of Map tile.
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The second phase started on November 7, 2016. This phase consisted of downloading
Copernicus data i.e. weather forecast data. During this phase firstly downloading the forecast
data into the local drive of the system for testing purpose, the downloaded data was inserted
into the MySQL database, it inserted the data successfully. Then the company supervisor
advises me to download the forecast data directly into the company Oracle database. At end
of this phase, we reached one of the major milestones in the project i.e. downloading the

weather forecast data into the Oracle database every midnight.

The third phase started in the mid of the December i.e. on 16, 2016. This phase was to write
the design document describing the work to develop. This phase helps to collect more
information about WMS layer applications similar to our project i.e. Earth Observation. This
phase ended after the improvements that were suggested from the supervisor of XSealence in

Lisbon were applied.

The fourth phase of the internship began on January 5, 2017, with the implementation of the
requirements set for the Earth Observation, and continued until the delivery of this document.
This phase began with the development of the proposed solution, the main goal was to apply
the WMS forecast layers on the top of the Tatuk base map. The next task is to get the weather
information of the user clicked point. During the development phase, there were several
discussions and meetings with the company advisor in order to improve the user interaction

component.

These project activities were used to develop project work breakdown structure to ensure each

activity is planned for given enough time.
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WEBS ~ Task Name ~ Duration «  Start ~  Finish -
1 11 < Project Initiation 24 days Mon 9/12/16 Thu 10/13/16

o Evaluation and 5 days Mon 9/12/16 Fri9/16/16
Recommendation of
project idea

n

3 |12 Project charter 12 days Mon 9/19/16 Tue 10/4/16
development

4 |13 submission of 4 days Wed 10/5/16 Mon 10/10/16
project charter

5 |14 reviwing of project 2 days Tue 10/11/16 Wed 10/12/16
charter

6 (1.5 Project charter 1 day Thu 10/13/16 Thu 10/13/16
Approval

7 |2 4 Project planning 40 days Fri 10/14/16 Thu 12/8/16

g |21 create preliminary 14 days Fri 10/14/16 Wed 11/2/16
scope statement

9 ‘2.2 Determine project 12 days Thu 11/3/16 Fri11/18/16
Teams

10 |2.3 project plan 7 days Mon 11/14/16 Tue 11/22/16
development

11 |2.4 Submission of 7 days Wed 11/23/16 Thu 12/1/16
project plan

12 '2.5 approval of project 2 days Fri12/2/16 Mon 12/5/16
plan

13 (3 4 Execution 95 days Tue 12/6/16 Sun 4/16/17

14 |31 project kick off 1 day Tue 12/6/16 Tue 12/6/16
meeting

15 .3.2 user reguirement 9 days Wed 12/7/16 Mon 12/19/16
verifification and
validation

16 (3.3 system design 18 days Tue 12/20/16 Thu 1/12/17

17 '3.4 hardware and 4 days Fril/13/17 Wed 1/18/17
software
procurement

18 |35 development 439 days Tue 1/19/16 Fri3/25/16
system installation

19 |3.6 testing phase 7 days Mon 3/27/17 Tue 4/4/17

20 (3.7 Install live system 4 days Wed 4/5/17 Sun 4/9/17

21 |3.8 training of users 4 days Mon 4/10/17 Thu4a/13/17

22 3.9 Go live 2 days Fri4/14/17 Mon 4/17/17

23 ‘4 4 Control 32 days Mon 4/17/17 Tue 5/30/17

24 (a1 project management 12 days Mon 4/17/17 Tue 5/2/17

25 |a.2 project status 1day Wed 5/3/17 Wed 5/3/17
meeting

26 4.3 risk management 12 days Thus5/4/17 Fri5/19/17

27 |a.a project plan 7 days Mon 5/22/17 Tue 5/30/17
updating

28 s 4 Closeout 33 days Wed 5/31/17 Fri 7/14/17

29 [s.1 procurement audit  1day Wed 5/31/17 Wed 5/31/17

30 |5.2 documentation of 21 days Thu 6/1/17 Thu 6/29/17
lessons learnt

31 5.3 updating of 9 days Fri 6/30/17 Wed 7/12/17
documentations

32 [s.a gain formal 1day Thu 7/13/17 Thu 7/13/17
acceptance

33 [s5 submission 1day Fri 7/14/17 Fri 7/14/17

Figure 24: work breakdown structure activities was used to develop Gantt chart

The work breakdown structure activities were used to develop Gantt chart to show duration
for each activity plotted using horizontal bars.
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10 project plan 7days  Mon11/14/16 Tue 11/22/16 ==
development
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project plan
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plan
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14 project kick off 1day Tuel2/6/16 Tue12/6/16 |
meeting
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software
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meeting
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Figure 25: The project Gantt chart

4.4 Conclusion for Project Methodology and Management

The project was developed using agile methodologies which allowed the project to be divided
into small modules which allowed parallel programming. Earth observation system was a
huge system and the company divided it into various parts and allowed to various team
members. The project took about 9 months. The WBS activities were used to help guide
through a systematic development of the system. Next Chapter describes about the

Copernicus Marine Environment Monitoring Services.
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Chapter 5: Copernicus (Marine Environment
Monitoring Services)

5.1 Overview

This chapter going to discuss the Copernicus (European Commission). The first section of the
section will discuss the Copernicus programs and then components of the Copernicus Marine

Environment.

5.2 Copernicus Marine Environment

For our project, data will be downloaded from the Copernicus Marine Environment
Monitoring Services. For the Earth Observation, there are mainly it has two major space
programmers they are GALILEO (satellite navigation system) and COPERNICUS [34].

The COPERNICUS started as Global Monitoring for Environment and Security (GMES),
which was established as European program for earth observation and monitoring. The
second space program of the Earth Observation i.e. Copernicus. The Copernicus space

program covers the three components they are mentioned below:

e SPACE;
e INSITU;
e SERVICES.

5.2.1 The Copernicus Space Component

The Copernicus space component consists ESA’s (European Space Agency) “Sentinels”. The
sentinels are primarily being developed for particular needs of the programs running be
Copernicus. The programs are used in contributing missions that are established by national,
international for European nations to offer a pool of data for Copernicus services. The agency
is in charge for Copernicus space components that collect the data. European Organization for
the Exploitation of Meteorological Satellites (EUMETSAT) offers Copernicus unparalleled
operational remit experience for tried and tested capacity for meteorological satellite data,

services and products[34].
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5.2.2 The Copernicus InSitu component:

The Copernicus monitoring service which depends on data that is extracted from Insitu
monitoring networks components such as ocean buoys, air quality monitoring network, maps,
and ground-based weather stations. The monitoring network components offer powerful;
integrated data and information for measuring and validating satellite data. For instance,
moorings and surface measure a wide range of ocean sea surface options such as water
salinity, water velocity, temperature, ice velocity, sea currents over a given period of time.
The measured data is used by various bodies to make important decisions in their various day
to day work life. InSitu networks are managed by European state members and international
bodies who make the weather data available for forecasting services as agreed in their
policies. Another agency named, European Environment Agency (EEA) is said to be main
leading Copernicus FP7 GISC project Work for cataloging the requirements of the InSitu
networks. The EEA agency offers Copernicus survives, pilot agreements as well as
frameworks for accessing all relevant data in a sustainable and timely manner[34].

5.2.3 The Copernicus Service component

The third component of the Copernicus provides various services to help provide security,
land monitoring, climate change, emergency management and atmosphere monitoring. The
monitoring services are done the Space Component Sentinel which offers a set of Land Sea
and atmospheric observations. Sentinel 1 was launched to offer high-resolution, all-weather,
24/7 and unique set of observation for both ocean land services[34]. Similarly, Sentinel 2
offers a high-resolution optical imagery for soil, water, and vegetation imagery. It also offers
coastal areas and inland waterways imagery as well as emergency services. Sentinel 3 offers
marine and land highly accurate radar and optical altimetry data such as sea surface
topography, sea and land surface temperature. As a result of high accuracy, the data have high
reliability. According to Copernicus Sentinel 4 will the third generation Meteosat to be
managed by EUMETSAT for atmospheric monitoring of components [35]. Sentinel 5, which

will be second generation Meteosat will be also be managed by EUMTSAT

Among these services land, monitoring and emergency management are already functional
while atmosphere monitoring and marine monitoring are still in a pre-operational mode, or in
a development phase. The climate change monitoring and services for security

applications[36], Moreover, these services have reached different degrees of maturity.
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5.3 Technologies used

Several different technologies and tools were used to develop the Earth Observation.
The development platform used was.NET (version 4.5.1) because it was the most commonly
used development environment in XSealence. In this way, it was possible to integrate with the
existing project, the visual studio that allows receiving the information about the weather

forecast from the database.

The IDE (Integrated Development Environment) that was used for application development
was Visual Studio 2016[37], which owns Microsoft and which at the beginning of the
implementation was the latest version of Visual Studio. Tatuk 4.6.0.9975 editor was used for

merging base map the with the weather forecast layer from the server.

The project backend which will be downloading the weather forecast data was developed
using Python script, the Python version 2.7[38] is used for downloading the data from the
Copernicus server, and also used motu-client-python-1.0.8-delivery for deploying. Motu is a
highly efficient and robust Web Server which fills the gap between heterogeneous Data
Providers to End Users. Motu handles, extracts and transforms oceanographic huge volumes

of data without performance collapse[39].
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5.4 Workflow Architecture of both Frontend and backend

Web server (WMS Copernicu
server)

Layers reqest layers

e
\' A“%.«\e Windows Server
- 3 (\_\ X2
12 QR
C e e g

orRACLE
—_— ﬁ\__-’

Ja——) Y

atabase

Users

Figure 26: Earth observation desktop application workflow diagram

The figure above shows the complete overview architecture of the earth observation, in the
above figure right-hand side is the backend and on the left-hand side is frontend part as
discussed in the earlier section in the front-end part it's getting the layer from the server and
fetching the weather data of the clicked point from the database, firstly the user will apply the
layer and then fetch the weather forecast data from the database of the clicked point. In the
left-hand side, it was done in the python script, the main function of the script is to download
the weather forecast data into the database its everyday process, the script runs on the
company server, when it runs the script its contact with the Copernicus dataset in order to
download the weather forecast data in this way both front end and backend are linked
together.

5.5 User case diagram

Use case diagram will show system element interaction. The use case diagrams helped in
system analysis to identify, clarify and organize the system requirements. These diagrams

show the behaviors of the system or system users. The diagram helps understands what users
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should perform in collaboration with external users to offer some observable and valuable
result[40].

Users:

The user can login;
The user can view weather options;

The user can choose weather options;

iv.  The user can choose the particular coordinate;
v.  The user can get the information for particular coordinate and also previous 15 days
info.
System:
i.  The system can show the map variables;
ii.  The system can show the map;
iii.  The system can show the weather layers on the map;
iv.  The system can Get the user clicked coordinates;
v.  The system can send the user clicked point to the database;
vi.  The system can get the data of user clicked point;
vii.  The system can generate the graph.
Server (python script):

The server can download the weather data. This is downloaded every midnight;

The server can insert the data into the Oracle database;

The server can convert the data of .NC file format to the text file while inserting.
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Figure 27: The system use case diagram

The application manager can set scripts which can include setting:
The application manager can set the Z-depth;

The application manager can set Y latitude;

The application manager can set X longitude;

The application manager can set weather variables.
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5.6 Data Flow Diagram

Data flow diagram is a graphical representation of how data flows in the system. The diagram
models all steps of system process aspects. The diagram illustrated how system inputs are
processed to outputs. There are various levels of data flow diagrams such as level 0 DFD
which is popularly known as context diagram, level 1 and level 2 DFD [41]. The following
diagram is a level 1 DFD showing the detailed processes of checking a coordinate weather

forecast.
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Figure 28: Earth Observation level 1 Data Flow Diagram

5.7 Class diagram

The application will be developed using Object-oriented Programming and thus coding will
be build based on the object classes. Class diagrams to represent the application objects will
describe the system structure by showing the application classes which are composed of class
characteristics (attributes) and methods (class operations) [42]. The classes will be linked

through relationship showing the how the objects associated.
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Figure 29: The desktop application class diagram

The class diagram above has various classes and their relationship shown. There are various
relationships that may exist between classes. They include inheritance, composition,

aggregation, association, and realization.

Class association exists between user classes, location coordinate classes. The relations are
considered the basic relation which connects the classes in any way. Also, association relation
exists between user and weather data class [43]. A user may request for weather data. The
request is processed through the weather data class which acts as the parent class for salinity,
temperature, height, ice and water classes. Salinity, temperature, height, water objects belong
to respective class names. This means these classes considered as child or subclasses inherit
the attributes and methods of the parent class weather data. The data fetched by the classes are
used to plot a 10-day graph. This means if weather class does not exist to provide weather
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data, then the graph class do not exist [44]. This means weather and graph class are related
through association. If the class weather is destroyed then, graph class is also destroyed.
Weather class and location coordinates are related through aggregation relationship. This
means the two classes are built as a collection, just like composite relations. However, in
aggregation relation, the contained class can exist without the container class, unlike in
composition class, in which destruction of container automatically leads to the automatic

destruction of contained class [45].

Other classes such as Salinity, temperature, height, water is related to location class through

association as this class information is retrieved in relation to a specified location.

5.8 Conclusion for System Design and Copernicus

In the above sections discussed about the system design that determines how well the system
will be implemented. Poorly designed system result to systems that do not meet the customer
expectations. System analysis and design such as use of use case diagrams and data flow
diagrams guide both the developer and client to know how data will be processed within the
system. System architecture diagrams was also designed to illustrate how the system
downloads data from Copernicus web map services in .NC form and converts it in .txt form
which is storable in the oracle databases. This data is queried during marine weather
forecasting. This an object-oriented programming project, class diagrams were identified and
design for easy implementation of the front-end part and application. Next chapter going to

deal with the back-end development of the project.
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Chapter 6: Backend Development

6.1 Overview

This chapter discussed the backend part of the project. The application back-end was tasked
with downloading of the weather forecast data every midnight. The downloaded data will be
fed into the company’s Oracle database. The chapter is organized into two sections. The first
section discusses the data download from the Copernicus then the second section discusses by
inserting the data into the database. The data is downloaded in files of .py form which cannot
be directly inserted into Oracle database [46]. As a result, the files are converted before

inserting into .txt files by the web server and then stored to by the Oracle database.

6.2 Downloading data from Copernicus

As we discussed in the above section about the Copernicus, has many kinds of weather and
climate monitoring products and services for the marine environment[36]. In the previous
chapter is discussed about the WMS layers. The layers get data from the Copernicus web map
services Earth Observation desktop application project, downloads this numeric data of the

particular layer and stores into our application database.

From the Copernicus service, mainly we are downloading the data of this product, all

information of the product is listed below:

e product_id = "GLOBAL_ANALYSIS_FORECAST PHY_001_024";

o dataset_identifier = "global-analysis-forecast-phy-001-024";

e motu_sc="-m http://nrtcmems.mercator-ocean.fr/mis-gateway-servlet/Motu";

e serv_id="-s http://purl.org/myocean/ontology/service/database#"+product_id+"-TDS";

e (ataset_id="-d "+dataset_identifier.

In the above-mentioned product, there are two services available, the first service provides the
data once in a day and in the other services it provides the data for every one hour[13]. This
product includes daily mean files of temperature, salinity, currents, sea level, mixed layer
depth and ice parameters from the top to the bottom over the global ocean. It also includes

hourly mean surface fields for sea level height, temperature, and currents.
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The second service product i.e. updating the data once in a day, which is having more than 10
variables. The system will download a variable like which is most helpful for the marine
monitoring. The list below shows all the available marine weather variables to be contained in

the downloaded product:

e sea surface height_above geoid,;

e northward_sea water_velocity;

e ocean_mixed_layer_thickness_defined_by sigma_theta;
e sea water_potential_temperature;

e eastward_sea water_velocity;

e sea_ice_thickness;

e sea ice area_ fraction;

e sea water_salinity;

e eastward_sea_ice_velocity;

e northward_sea_ice_velocity.

6.3 Motu Client

Motu is a highly efficient and powerful Web Server which fills the gap between
heterogeneous Data Providers to End Users. Motu client mainly handles, extracts and
transforms oceanographic huge volumes of data without collapsing the performance. It
enables to extract and download data through a python command line[39]. The forecast data
file is not downloaded directly into the drive, but it is deployed in the Multi-client Server. To
download data into our drive, download the Motuclient then give the path for the Motuclient
in the python script as given below.
Replace {path_to_your} with your current path to motu-client.py = where you deployed it

e motu_cl="C:\abc\abc\motu-client-python-1.0.8-delivery\motu-client-python\motu-

client.py -q".
6.4 Implementation

Downloading of the weather data in the application backend part play one of the major roles
in our project. The data that is downloaded is in the numeric form of data. Numeric data is
related to the frontend layers that is applied on the top TatukGIS map. The Python script is
used to download the numeric data from the Copernicus in the backend.

The downloaded data from the Copernicus is in the.NC file format which is shown in figure

30. The data in the .nc form is not possible to be inserted in Oracle database with its present
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form. As a result, this kind of format into the Oracle database is converted to .txt form

contained in a text file format by using statement “from netCDF4 import Dataset, num2date”.

Mame

| CMEMS_PSY4 Daily Forecast for_production_2016-12-20 forecast 20161220 _bottomT.nc 20-Dec-
| CMEMS_PSY4 Daily_Forecast for_production_2016-12-20 forecast_20161220 so.nc 20-Dec-16
| CMEMS_PSY4 Daily Forecast for_production_2016-12-20 forecast 20161220 thetao.nc 20-Dec-16
| CMEMS_PSY4 Daily_Forecast for_production_2016-12-20_forecast 20161220 va.nc 20-Dec-
| CMEMS_PSY4 Daily Forecast for_production_2016-12-20 forecast 20161220 zos.nc 20-Dec-16
| CMEMS_PSY4 Daily_Forecast for_production_2016-12-23 forecast 20161223 thetao.nc 23-Dec-

Date modified

Figure 30: Weather data in.NC file
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Downloading the whole world forecast data into the database usually its take too long time, so

downloading the forecast of some particular areas increases the speed of download. For

example, the application managers need to set the axis in the script it’s as shown below.

Area: x longitude, y latitude, z-depth:

xmin="-x -13" xmax="-X -7"
ymin="-y 36"

zmin="-z 0.494"

ymax="-Y 43"
zmax="-Z 0.4942"

Setting the particular area will boost the speed of downloading data as set variables like

temperature, salinity, ice speed etc. as well. For this reason, the most important variables

which help in marine or fish monitoring services are needed. Such variables need to be set as

they are the only variables which are required are useful. Setting all marine weather data

variables is of no use, hence, setting the particular variables in the Python script is as shown

below.

Variable: -v toto
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var_cmd=["-v thetao", "-v zos", "-v so0", "-v bottomT", "-v vo

Where:

Thetao: sea_water_potential_temperature, zos: sea_surface height_above_geoid;

So: sea_water_salinity, bottomT: sea_water_potential _temperature_at_sea_floor;

VO: northward_sea_water_velocity, vsi: sea_ice_velocity.

v vsi']



Instead downloading all variables data, the above idea is used. It also helps to increase the
speed of download and also save the space in the database instead storing all variable

information with some information being less relevant.

Since we are downloading the weather data every day, thus its requires to verify whether the

downloaded is up to date or not. To verify if dataset is up to date as shown below.
dayjO=dt.datetime.today().strftime("%Y-%m-%d")

daylf=(dt.datetime.today()+dt.timedelta(days=forecast_range)).strftime("%Y -%m-
%d")

date_cmd="-t "%s 12:00:00" -T "%s 12:00:00"'%(daylf,daylf).

The final name of the file which specifies in which manner we want to save with the specified

name and splitter is as shown below.

ficout=pre_out+daylf.replace(’-',")+"_"+var_cmd[1].split()[1]+".nc"

6.5 Oracle Database

The Oracle DB is a relational database management system Oracle Corporation. The Oracle
database is originally developed in 1997 by Lawrence Ellison and with the help of other
developers. In the present era, Oracle is one of the trusted relational databases and it is one of

the widely-used database engines.

The Oracle database system is built around a relational database framework in which data
objects may be directly accessed by users (or an application front end) through structured
query language (SQL). It has its own network component to allow communications across
networks. Oracle database is also known as Oracle RDBMS and, sometimes, just Oracle. It
has a fully scalable relational database architecture and is often used by global enterprises,

which manage and process data across wide and local area networks[47].

The Oracle database runs on most of the major platforms which are listed below, and it has

different software versions are available, based on the requirements and budget.

e Windows;

e UNIX;

e Linux;

e MacOS.
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Oracle database has the different editions, the developer can select the database according to
their needs the Oracle database editions are hierarchically broken down as follows:

« Enterprise Edition: which can offer all features, including superior performance and
security, and is the most robust;

« Standard Edition: this edition contains base functionality for users that do not require
Enterprise Edition’s robust package;

o Express Edition (XE): this is the lightweight, free and limited Windows and Linux
edition;

e Oracle Lite: it’s for mobile devices.

Oracle has had a customer oriented approach during development and release of Oracle9i.
This helped them understand what clients want more, and as a result, a desired increment of
the Oracle9i with default configurations and hardened database environment was released.
The release also came with user manuals on how to securely configure the database. The
manuals and accompanying documentation also offer post-installation locking and default

account expiry information which was found to be very critical in database maintenance.

According to a survey conducted by Ponemon Institute, 80% of the interviewed companies
said that their applications have become more susceptible to attacks [48]. Of these
respondents, 54% agreed that the most common experienced attack in their enterprises in the
last 12 months has been SQL injection, while the rest of attacks such as cross site scripting
and cross site request forgery combined made 46%. This means that of all threats to Oracle
database SQL injection is the most potent attack that our database should focus on avoiding
and prepare for mitigation in the event the worst happens[49]. The figure below shows the

likelihood of each attack according to the survey[48].

52



B0% -

50% -

40% -

30% -

20%

2 Ui
0% 4

S0OL injection Cross-gite sorpling Cross-site requeast ﬂther
forgery

Figure 31: A bar graph showing how common is SQL injection is performed by attackers

From the figure, it’s clear to conclude that SQL injection is the top hacking techniques that
attackers have used to infiltrate our systems and steal sensitive and private data [50]. To avoid
such SQL injection attacks, database systems need a detecting and blocking procedure which
is possible as a result of high SQL grammar analysis performance engine Oracle database
possess. The database has the capacity to determine if an incoming query statement is valid
and if not, it is blocked.

Oracle database has an active, real-time firewall to provide blacklist, exception and whitelist
policies as well as accurate and intelligent alarms that allow effective database monitoring
with low costs. The firewall is as shown in the figure below [51]. The firewall form an
independent database configuration and operation boundary to protect the database so as to
reduce the risk of losing data and manage the changing regulatory landscape.
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Figure 32: Oracle database firewall showing its alert, allow and blocking boundary

6.6 Architecture of Oracle DB
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Figure 33: Architecture of Oracle DB

In Figure 33 shows the connection to an Oracle database server are made more scalable with
Oracle Connection Manager and a shared server architecture. Oracle Connection Manager is
used to offload some of the network 1/O of the application Web servers, and a shared server is
used to serve more concurrent users. The architecture of the Oracle database is split between
the logical and the physical. The architecture which forms the large-scale distributed
computing, also known as grid computing and the data location is irrelevant and transparent
to the user, allowing for a more modular physical structure that can be added to and altered

without affecting the activity of the database, its data or users. Sharing of resources allow
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flexible data networks with the adjustable capacity to be calibrated down and up to fit
demand, without reducing service quality[47].

6.7 Architecture for Downloading the Data
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Figure 34: Downloading data Architecture

In figure 34, there are three components i.e. Copernicus database, server and Oracle database.
As indicated earlier the back end part of downloading weather data from Copernicus was
developed using Python scripting. The script is scheduled to run every midnight on the server.
The script runs by contacting the Copernicus database with a particular product id, once the
dataset is available then its download the forecast data file in the server local drive. While
data is being downloaded it cannot be inserted directly into the Oracle database, because the
Copernicus marine monitoring service provides the forecast data in the .NC file format. The
.nc format files are not possible to insert the data into the Oracle database. To insert the data
first we need to convert the.NC file format int the text file format, so once the forecast file is

downloaded it's converted into the text format then it is inserted the Oracle database.

6.8 Implementation

As per the above discussion, the Copernicus Marine Monitoring services provides the weather
forecast data in the.NC file format, so once the file downloads its inserted into the database by
converting the .nc format in text form. To convert the .nc files to file format the python script

imports the dataset from the netCDF4 as shown below.
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e from netCDF4 import Dataset, num2date

While Downloading the forecast data from the Copernicus the script inserts the data into the
Oracle database. The process starts by connecting to the Oracle database. The connection to

the Oracle database in the python script is as shown below,
e con =cx_Oracle.connect(ABC Admin/abc@abc.pt/ABC)

After connection to the database, the database is checked whether the database table 1S
excited or not. If the table already exists then its insert the data into that table. Suppose the
table does not exist in the database first it's going to create a new table in the database then its
insert the data into that created table. The database admin can set the number of lines to be

inserted into the database as shown below.

e cursor.execute("CREATE TABLE FOREIGN.earth_observation_Data(DateTime date
NOT NULL,longitude number(38,10) NOT NULL, latitude number(38,10) NOT
NULL,type number NOT NULL, value number(38,10) NOT NULL) ™).

Once the earth observation table creates, the columns look like as shown below.

Columns  Data | Constraints | Grants | Statistics | Triggers | Flashback | Dependendes | Details | Partitions |Indexes [SQL

& 7 ) - Actions...
column_nave |[§ DaTATvPE | nuLLABLE DATA DEFALLT ([ coLuMNID ([  COMMENTS |
1 DATETIME DATE o (null) 1 {null)
2 LONGITUDE NUMBER (32, 10) o (null) 2 (null)
3 LATITUDE NUMBER (38, 10) o (null) 3 (null)
4 TYPE NUMBER To (null) 4 {null)
5 VALUE NUMBER (32, 10) o (null) 5 (null)

Figure 35: Columns in Database Table

In the above fig 53 COLUMNS_NAME refers to name of the items, DATA_TYPE refers to
type of data to be inserted, COLUMN _ID refers to variable information for example in the
above table 1 is for temperature, 2 is for surface height, 3 is for salinity, 4 is for temp at sea
floor, 5 is for water velocity and 6 is for ice velocity, by using this column_id we can easily
fetch the information the of that variable to the front end application. The column_id will be

used as the primary key to uniquely identify each field.
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Onces the table is created then inserting the data into the database tabel as given below:

e cursor.execute(
"INSERT INTO FOREIGN.earth_observation_Datavalues(to_date('%s','YYYY-MM-
DD hh24:mi'),'%f", '%f','%d','%f") "% (dateTime, lat, lon, var+1,
data[lineToBeStored])).

The inserted forecast data have to fetch it for the frontend of the application. To for fetch the
data from the database to the front end of the application, we need to create the stored
procedure in the Oracle database. The stored procedure in the Oracle is designed in such a
way that it can search nearest latitude and longitude in the database with respective mouse
click point on the map, then it will give value for that point which is near to mouse click

point[52], so to find the nearest points in a database to a given point.

* rad2deg * (ACOS(COS(deg2rad * (p.latpoint))
* COS(deg2rad * (z.latitude))
* COS(deg2rad * (p.longpoint - z.longitude))
+ SIN(deg2rad * (p.latpoint))
* SIN(deg2rad * (z.latitude)))) AS distance
For example, let’s consider the point with latitude 36.658 and longitude -23.59. The above

oracle query finds the one nearest point to the given point in the order of distance.

6.9 Scheduled script on the server

The main function of the Python script is to download the current forecast data from the
Copernicus servers. Since we need the updated weather forecast data every day a scheduled
script download was developed to support this. Therefore for this task, the python script is ran
in the Company server. The scheduler in the Windows server which runs the python script

every day at 3 is in the early morning. The scheduled event in the server is as shown below.
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General |Triggers I Actions | Conditions I Settings I History |

MName: |CopernicusPy‘thonScript
Location:
Auther MONICAP\administrator

Description: | Downloading data from the copernicus every day at 3am in the meming

Security options

When running the task, use the following user account:
MONICAP\administrator

Run only when user is logged on

Run whether user is logged on or not

Do not store password. The task will enly have access to local resources

Run with highest privileges

Hidden Configure for: | Windows Vista™, Windows Server™ 2008

Figure 36: Task Scheduler in the windows server

In the figure below we are seeing two triggers because if it doesn't download properly or any
interrupt to run the script on the server at 3 am, its cross check once again at 6 am whether it's

downloaded properly or not. For instance, if it's not downloaded correctly at 3 pm then it's

going to download correctly at 6 pm.

Triggers |Actior|s I Conditionsl Settings | Historyl

When you create a task, you can specify the conditions that will trigger the task. To change these triggers, open the task property pages using the Properties

command.
Trigger Details Status
Daily At 03:00 every day Enabled
Daily At 06:00 every day Enabled

Figure 37: Multiple Triggers
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6.10 Conclusion for Back-End Developement

In above section discussed about the back-end development that the data queried by earth
observation application comes from secure oracle database that was used to develop the
system back end. The data in the database is downloaded from Copernicus database which
collects daily weather data details. The data from Copernicus website cannot be held in oracle
databases. The data is downloaded in .NC form which is converted into .txt form by python
script and stored in the oracle database. In the next chapter is going to discuss about the front-

end application. Next chapter deals with the front-end implementation.
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Chapter 7: Frontend Development

7.1 Overview

In this chapter going to discuss information about the architecture of the WMS layers,
information about the layers. The chapter also discusses how to apply that layers on the top of
the Tatuk GIS and as well as disabling or enabling. At the end, the chapter will explain the

graphical representation of the forecast numeric data.

7.2 The architecture of WMS Layers

Requesting
layers higg’/

webh senver pulli
l layrers

client accessing the
layers

server storing
layers

recevingd layers

Figure 38: WMS Architecture of fetching layers

On the top of the map, the layer object communicates with the server to display the layers on
the top of the map which is stored on the web server. In the above fig 38, the user requesting
the layers from the web server as said earlier. The layers are stored on the server. After
processing the user request, the web server sends the requested layers to the users. When the
users zoom in or zoom out the new tiles of layers will be displayed on the top of the map, for
this server will generate new layers corresponding to the zoom level. The WMS is the
standard process of accessing layer data from the server where the layer data are stored. It

generates layer data in the form of the image[11].
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7.3 Applying Layers

The applying the weather forecast layers on top of the base map is very helpful for the users
to view the weather condition of the particular area. Aapplication of the weather forecast
layers helps to take an overview mainly for the fishing activities. As discussed previously
application of the top of the open street map, is done in the Tatuk Editor for testing purpose.
The users can apply the layers of forecast on this project. This project is having the Tatuk GIS

as the base map, above this base map user can apply the weather forecast layers.

7.4 About the Layers

These forecasts layers are provided by Copernicus Marine services. Copernicus Marine

services also provides various services as shown below

C5W C SW GetRecordByld

WMS global-analysis-forecast-phy-001-024
global-analysis-forecast-phy-001-024-hourly-t-u-v-ssh

SUBSETTER global-analysis-forecast-phy-001-024-hourly-t-u-v-ssh
global-analysis-forecast-phy-001-024

DIRECT GET FILE Ni&

FTP NiA

Figure 39: Copernicus Services

In the above services, we are using WMS services in our project, the WMS services are as
given below.
e Path=http://nrtcmems.mercator-ocean.fr/threads/was/global-analysis-forecast-phy-
001-024?SERVICE=WMS&VERSION=1.1.1&REQUEST=GetCapabilities.

For applying the layers on the top of the base map, firstly took the tatuk base map in .ttkgp
format.

Here .ttkgp is the tatuk extension. Using tatuk editor the base map was merged with WMS
services layers. The merging of the map and services created one file of. ttkgp extensions that
which includes both base map and forecasts layers. In the front end of WPF application,
enable or disable options of the application were developed for the user. When the user clicks
the button the window will open with checkbox and layers name list as shown in the below

figure.
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State of the Sea n

[] Surface Height

[] Temperature at Sea Floor
[] \wiater Velocity

[] Salinity

[]lce Speed

Figure 40: State of Sea window

When the user unchecks all the checkbox then the base map becomes active. This means only

base map will visible.
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Figure 41: Base map (all checkbox unchecked).

When the user checks the checkbox with respective layers that particular layer will apply on
the top of the base map, if the user selects another layer then previously applied will
automatically be disabled (inactive) in order to prevent the overlapping of the layers.
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Figure 42: Base with Layer temperature

The code behind this layer is that, when the user clicks the check box of the layer, it gets into
the forecast layers of the WMS services one by one to apply the exact layer on the top of the

base map, the code is as given below:

If

(this.GetActiveSubLayerNames("global-analysis-forecast-phy-001
024?SERVICE=WMS&VERSION=1.1").Count > 0)

{

String activeSubLayerName = this.GetActiveSubLayerNames("global-analysis-forecast-phy-
001-024?SERVICE=WMS&VERSION=1.1")[0];

List<SubLayerInfo> subLayers = new List<SubLayerInfo>();

subLayers.Add(new SubLayerinfo() { Name = "sea_water_potential _temperature™});
subLayers.Add(new SubLayerIinfo() { Name = "sea_surface height_above_geoid"});
subLayers.Add(new SubLayerInfo() { Name = "sea_water_salinity"});
subLayers.Add(new SubLayerinfo(){Name =
"sea_water_potential_temperature_at_sea_floor"});

subLayers.Add(new SubLayerInfo() { Name = "northward_sea_water_velocity"});
subLayers.Add(new SubLayerInfo() { Name = "sea_ice_velocity"});

}
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7.5 Representation of Weather Forecast Data:

Applying the forecast layers on the top of the base map gives an overview of the weather
forecast for that region. However, it won’t help to predict the next day weather because
applied layers give general idea about the weather information by seeing different colors in
layers. So, in order help the users, numeric forecast data is provided. Through use of the

previous numeric data the user can easily guess the next day weather.

7.6 Architecture of Requesting the Data from the Database

Database

Window Store Procedure
application
L\\I
.Clicked Point e -

searching the nearest
Latitude and Longitude of
the user clicked point

Figure 43: Architecture of requesting the data

Once the layer is applied is applied the user demands to know the numeric data value of the
particular clicked point. The request contacts the database to get the values of the point using
the location coordinates. The figure above shows that the clicked point of the users sending to
the database. Once the store procedure receives the clicked point it will search the database of

the nearest available point of the particular date and return one value for one date.

7.7 Implementation with Windows Form

The first Earth observation desktop application was implemented with windows form. The
release displayed the data in the numeric form. The numeric data of the particular layers are
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stored in the database, when the user clicks on the top of the layers, the window will pop up

with the particular information of the numeric data of the particular user clicked point.

At the first time, the data representation is done in the Windows form which is as shown

below:
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Close

Figure 44: layers numeric data representation

The application was sent to the supervisor for review and testing. From his feedback, together
with feedback from fellow users with his organization. It was noted that, from the window
from implementation, users had some problems. The users could not move the map when the
earth observation window pop up. Also, it was observed that the users could not see the see
the previous values and with this window because in this earth observation window user can

see the only one value.

As a result of analysis of this feedback, a second iteration was needed to remove these defects

and ensure the application is built with a user-centered mind as the supervisor always wanted.
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7.8 Implementation with Annotation

The second iteration began with a careful analysis of the feedback from the supervisor and his
assistants. The user requirements which mostly focused on weather forecast representation
called for a proper design of the presentation window. As a result, with the assistance of my
supervisor, we adopted an annotation style of representation. In the second-type
implementation, it was to help overcome the problem of the first type i.e. windows form user
faced the problem that when they clicked at the particular point on the layer they can’t able to
move the map. Annotation representation was thought to help remove the difficulty of map
movement when well implemented. The proposed changed were implemented and tested
before being sent to the supervisor for further quality assurance testing. The appearance of

the annotation on the map is as shown in figure 45.

Clicked Point

Latitude : 28.34534
Longitude : -18.3478

Value : 12.348578%

DateTime : 23/03/17 12:00:00

Figure 45: Annotation representation

Annotation representation of weather forecast data created a drawing on the map. However,
the supervisor noted that so it is not possible to close that annotation drawing as annotation
got disabled whenever the user disabled the forecast layer. Disabling the forecast layer is not
good as it gives the window a bad appearance. When the users click multiple points one the
maps its looks ugly, and also, it’s possible to disable the previous annotation when the users

click at the next point, but the last clicked annotation remains on the map. The supervisor
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noted that the implemented annotation representation disturbed the other activities in the
project. During a discussion on the second release, we proposed a third release to eliminate
the problem. The review and testing team composed of me as the developer, supervisor and
other employees proposed the use of WPF window to show the previous days value. So, the

third release was to implement a WPF window with a 10-day weather data forecast.

7.9 Implementation with WPF window

WPF window helps the users to see the previous values, the implementation with WPF give
the clear idea of the previous days; weather data of the clicked point. For implementing the
WPF window there is slight change in the store procedure that is the store procedure returns
the 10-day values. These values are not of the same date. They consist current date value and
previous 9 days value of the same coordinates. These values are plotted in a graph as shown

below.
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Figure 46: WPF window of numeric data

The WPF earth observation window utilizes the Telerik support to draw the graph, in the

figure 46 the x-axis representing the date and y-axis representing the values.
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Figure 47: WPF window with Graph representation

In the above windows, it's looking all are having different window names, because those
windows belong to different layers, so the name of the window helps the users to understand
which layer information they are looking, and it also window consists the coordinates i.e.
latitude and longitude of the user clicked point on the map. In one of the window i.e.
sea_ice_velocity-earth observation is not having any y-axis values, because the sea velocity is
zero for all dates that are the reason it's showing only the x-axis values and y-axis value as
zero. The main reason for providing the graph of previous days value to the users, so they can

predict the next day value by observing the past days values.

7.10 System Testing

An application needs to be tested to remove errors that were not identified during
development or otherwise correct usability issues. The tests that were performed served to
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look for usability problems and to test the current state of application robustness. This will not
be the last test phase of the Vessel Tracker since it is an application still under development.
The Earth observation is the one part of the vessel monitoring project, and moreover, it was

developed under the advice of company supervisor.

7.10.1 Unit Testing

Unit testing is usually done by the developer to look for syntax, runtime and compile time
errors. During Earth observation system development individual units and components as well
were subjected to tests so as to validate every unit [53]. The testing was also aimed at
ensuring every unit works as it had been designed. Few inputs were also given to the unit to

test if the output given is what was expected.

Python scripting helped identify various code errors and defects which help improve the

performance of the application

7.10.2 White Box Testing

White box testing was done to test the internal working of the application coding and
infrastructure [54]. Since it needed the knowledge of the internal structure of the application,
white box testing was only restricted to the developer and the fellow developers within the
company. The testing was primarily focused on improving the application security. The
testers applied some inputs and did a process walk through to ensure the output processing
was done according to standard procedure[55]. The defects found during the process walk

through were corrected before the application being deemed tested.

7.10.3 Quality Assurance Testing

To ensure all project development goals and objectives are realized the supervisor helped in
quality assurance testing [53]. After the supervisor analysis were discovered some
errors/failures that at the time of development, and the case of lack of color consistency or
something that allows the differentiation of routes. These errors will be corrected as soon as
possible. With this analysis, it was also possible to collect good suggestions, ranging from
small changes to complementary functionalities that will be presented to XSealence, almost
all errors and issues are fixed at the time development by analyzing several times by the

company supervisor and also helped to improve some part the project development.

69



7.10.4 Test Cases

Tes | Test | Test | Search checks Expected Actual Bug | com
t Case Param men
Cas Case oter Result Result s
e Name Desc
Ref ripti
on
TC | Dash | GUI | ifthe Check to see if | Show the Displayed none | done
001 | board weather | the map shows | world map | the world
shows | the worldmap | with all map as
the with all water water bodies | expected
world bodies shown clearly with zoom
map show. Also, | icons. The
with all weather page also
water options had weather
bodies table is options in a
shown expected table on the
left. Options
are written
against
checkable
boxes
TC | Weat | Chec | GUI Check if the Once the On clicking | none | done
002 her kbox weather options | user clicks | any option
optio are selectable ona on the
ns checkbox weather
check against a option
weather checkbox
option the the option
option is was selected
selected
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TC | Weat | Chec | GUI Check if you Once the On clicking | none | done
003 | her k can select more | user clicks | asecond
optio | box than one on asecond | check box
ns checkbox check box the other
check the other selected
selected checkbox is
checkbox is | deselected
deselected
TC | Temp | Tem | GUI Check if on Once the On choosing | none | done
004 | eratur | perat selecting the temperature | the
e ure temperature checkbox is | temperature
layers | page weather option, | clicked the | option from
the temperature | temperature | the check
weather layers | s layers of box screen
are shown various various
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locations of
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TC | Temp | Coor | GUI Check if after On clicking | On clicking | none | done
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coord | pop page, if clicking | sea water, that location
inate | up on any location | the user Temperatur
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wind gives the expects the | e value,
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TC | Salini | Coor | GUI Check if after On clicking | On clicking | none | done
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all-over to

map to
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water
velocity and
direction
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time

none

done

7.11 Conclusion for Front-End Development System Testing

In above section discussed various test cases. And system testing check if the system

conforms to the expectations of the client. Earth observation continuous testing revealed

various issues that needed to be solved before going live. Presentation of the weather data was

one of the issues identified. Through testing the system was evolved from windows data

presentation to annotation presentation to Windows Presentation Foundation. This later

presentation gave weather forecast data for the last ten days which was considered more

reliable than one-day weather forecast. The data was presented in a line graph for easier

understanding of weather behaviour. The functionality of each component was also tested

using test cases and there identified errors corrected.
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Chapter 8: Conclusion and Future Work

The project used Tatuk GIS map engine despite there being another map. This map engine
was chosen since it was easy to apply the layer directly from the server. Even though Sharp
map engine is easy to apply the layers directly from the server it's more expensive when
compared to Tatuk map engine. Earth observation desktop application was part of the big
system that was being developed which has used Tatuk for development and thus, there was

no other option than to use Tatuk GIS map engine

To develop the earth observation desktop application adopted agile development methodology
which was to allow parallel programming. According to my supervisor, | was to do a part of
the system while the company | was attached to did the rest of the system. Agile process
model allows the system to be broken down into small manageable tasks which are assigned
to small agile teams for development. As a result, once the bulky application was developed
in releases which help ensure the part is developed to perfection through the cyclic
development process of the model. The project was developed in three releases which helped
produce a final version with Windows presentation which gave the weather data forecast for

the last 10 days shown in a graph.

The model guided the project development through various development phases. The phases
helped collect system requirements, analyze and design the system requirements using use
case diagrams, data flow diagrams as well as the use of the class diagram to show how classes
will be implemented in the frontend. The project used various technologies and tools as the
development platforms. Microsoft .NET wversion 4.5.1b was used as the development
environment in XSealence. Visual Studio 2016 was used as the integrated development
environment (IDE) while the Tatuk 4.6.0.9975 was used the editor to merge the base map
with the weather forecast layer. Highly robust, high-performance, enterprise-class database
Oracle database that allows SQL programming was used to develop project database. The
database is commercial and expensive compared to another SQL database which is open
source. However, its security and continuous maintenance by the Oracle community made it’s
the best choice for the project. To download Copernicus the backend part of the system was
developed using a python scripting using Python version 2.7. The system was tested by
various people who included the developer, supervisor and fellow company developers. To

deploy the application Motu client python was used. The system testing included various test
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cases which evaluated if the project aim and objectives were achieved and to what degree
were they achieved.

As a result of developed earth observation, a desktop application which will be integrated into
other application that has already developed by Company will help a lot in the management of
the marine life. Earth observation application will give information about various marine
weather options such as water velocity and salinity as well as temperature, ice velocity, and
height of the sea surface. This means various sea and ocean users are able to use the

application to help in sea navigation and fishing.

The system can be advanced and dispatched for use by various groups of people which
include sea explorers, small-scale fishermen, ship navigators and other interested parties who
need to access the data. However, our application does not give real time data as some apps
discussed in the existing application. This means there is still room for improvement in the
next iteration to try and give real-time weather data and avoid using the data that download in

the previous midnight.

The weather forecast data are given if for some predetermined dates where the current WPF
presentation gives marine weather prediction of the past 10 days. In the previous releases, the
forecast data was only given for just one day. If a user wants marine weather forecast data for
some specific dates is almost impossible to get as they have no freedom to add the dates. The
future release should ensure that the user is given freedom to choose dates or days that they
wish to get weather forecast data for. This will make it more useful as many users are not just
interested in the present day of the last 10 days but also need weather forecast for some
specific days of their own. In this case, the user should be allowed to specify “from date” and

“to date” for the marine weather forecast.
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