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1. Intr oduction

One of the purposes of the satellite measurement é&xamine hw the atmosphere affects the
GNSS signals. This particular case is paid attention to the signal delays due to the neutral
atmosphere-However, this research started after finishinp e Eur opean pr oj ect
-Space Emer ge htpymetBogrss.netiAaction=grj_desqript which Miskolc
University participated with Romanian, Slovakian partners under UkrainianréégoleThe

project has been expanded to the Western EuropEarEUMETNET GNSS Water Vapour
Programme (E5VAP) network bttp://egvap.dmi.dk

The purpose of the-EVAP project was to collect and control tgbal navgation satellite

system GNSS) products, which are operational for the Numerical Weather Prediction (NWP)

in the whole of Europer-urthermore, the main objective of the@¥AP project was to get

GNSS derived Zenith Tropospheric Delay (ZTD) estimates attime for metrological
purposes. During these observations, th&\EAP network is also used to determine
tropospheric vapor from satellite observation measurements of the ZTD. These measurements
were calculated in the Central and Eastern European cesifitom 2012 until 2015. After
finishing project EGVAP, it was suggested to elaborate a ZTD data model according to
Infrastructure for Spatial Information in the European Community (INSPIR&E}a

Specification.

1.1. Research Objectives

The ZTD estimation has been calculated on the baspetifificparameters. For this research

it was used ZTD_estimation.TRP file and GN&S&tion.xlIsx file. The ZTD_estimation.TRP

file is an output of the Bernese software analysis. For the calculatitre &fTD data in the
Bernese software, it should be selected some input paranvetés are very important to get

a correct calculation of the ZTD estimation. These input parameters determine many things for
the data modeling and the attributes whichcaleulated on the base of these parameters.

The objectives of this thesis work are summarized in the six main theses:

University of Miskolc 10
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1. Elaboration of the ZTD data attributes and comparison of the relevant INSPIRE Data
Specification UML model;

2. Elaboration of the relevanNISPIRE Data Specification UML model and developing
an INSPIRE ZTD UML Data model;

3. Creating a web application based on the ZTD data;

4. Develop a new webased technique for the presentation of the ZTD observations on
the maps;

5. Based on inverse distance weight it has been developed a method for the
interpolation of the attributes (stations) inside the ZTD web application;

6. Developing XML files based on the ZTD_estimation. TRP file and their validation;

1.2. Thesis structure

This thesis has been written inchapters.]| am startingfrom the introduction, where is
presented the purpose of the thesis and research work and also an explanation of the project on
which is based this scientific research. In Chapters 2, 3, 4, has been described as the scientific
backgound of this thesis work and which techniques are used for the proposed research.
Furthermore, Chapter 5 presents a short introduction to the experimental part of the thesis and
what has been done in the following Chapters. Chapter 6 presents thenerparpart of the

thesis and it describes how it was created the ZTD UML data model and which Annexes of
the INSPIRE have been used for doing it. It is also elaborated on all package structures of the
ZTD UML model and there is a suggestion of the extension Atmospheric Condition
application schema.

Additionally, Chapter 7 represents the developed ZTD web appli¢attunh is based on the

ZTD UML model. The database is createohd this application is presenteddila mini
Geographic Information System (GIS) with few layers in which you can see heatmaps with
ZTD estimation parameters.

On the other hand, in Chapter 8, it was created several XML files based on the INSPIRE
standards, and they describe all parametettseaZTD_estimation. TRP file.

Finally, Chapter 9 summarize the whole thesis work and gives some proposition for future
research.

University of Miskolc 11
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1. 3. Aut hordéds contributi on

Chapter 2,3,4 gives a short overview of the scientific background of this thesis. Chapter 4 are
described the programming techniques and notations whicblean used for creating a ZTD

UML model based on the INSPIRE standards and also a ZTD web application. The main
contribution of the author to this research is described in Chapters 6,7 and 8.

In Chapter 6] elaborated the first two thes of the research work.elaboratecbn ZTD data
attributesin the ZTD_estimation.TRP file and based on tlitdmas been done@mparison of

the relevant INSPIRE Data Specification UML model. In this case, thear overlap of the

two Annexes in INSPIRE, two application schemas. One is an application schema of the
Geophysics (subtheme of the Geology, Annex Il) and application schema of the Atmospheric
Conditions (Annex Ill) which is based on the INSPIRE Obgs@maand Measurements.
Furthermore, in Chapter 6, it has been suggested an extension of the Atmospheric Conditions
application schema with the ZTD model. The details of the package structure have been
described in this Chapter.

However, in Chapter T suggested a very compact mini GIS system where it has been
elaborated these three theses: creating a web application based on the ZTD data, develop a
new webbased technique for the presentation of the ZTD observations on the maps, and based
on inverse dimnce weighting it has been developed a method for the interpolation of the
attributes (stations) inside the ZTD web application.

The last thesis is elaborated in Chapteai®d all XML files which have been made e
contribution and they are based dme ZTD estimation file which was the input inthe whole

research tgether with the GNSS station coordinates.

2. Advanced satellite geodesy Global Navigation Satellite Systems (GNS)

TheglobalnavigationsatellitesystemGNSSis a synonym for akatellite systems. The
based on satellite technology i$5éobal PositioningSystem.The Pentagon proposed the first
global satellite navigation systeim 1973. The reason for this propbsvasthe absence of the
systemin which the receiver can & wsed in any part of the daglobal Positioning System

University of Miskolc 12
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was developed like a part of the satelbgesstem, whichhas been used by the United States
Department oDefence. The GPS was a part of the NAVSTMARvigation System Using
Timing and Rangingprogram,which was under the United States Department of Defence,
and it has highly accurate navigatiamsing radiebased ranging(Havasi & Bartha,
Introduction to GIS, 2011)

The launching of the satellites started in 1978, but the system was operational by 1993 and
fully operational by 199%Parkinson & Spilker, (eds) 199@jirstly, GPS was created to serve

in military purposes. In the year 1988was open for civil users but just under some special
requirementslt was declared fully operational for civil purposes in 19894d from then GPS

was used for tracking delivery vehicles to the tracking of human beings.

Russia has a GLONASS positiogisatellite system. Member states of the European Union
(EU) has developed its satellite systeracatied Galileo.China was working on its satellite
system in 2000, and they called him Beiddtavasj 2012) All these satellite navigation
systems have th&ame principles as the positioning, and they are quite similar to the US GPS
system. It can be used as the same GPS theory and algorithms for the above mention systems
(Guochang & Yan, 2016)

In January 2006 first experimental GIO\AEsatellite began to transmit Galileo signals. Aim

of the project Galileo is a constellation of the 30 navigation satellites in orbit by 2020. The
goal of the Chinese navigation system is to be a global systewithhive 30 satellites in

orbit by 2020(DiBiase, Sloan II, Baxter, & Stroh, 2018)

2.1.Basic of the GPS

The fundamental technigue of the GPS measurement measures ranges between the receiver
and few simultaneously observedteadlites (Havasi & Bartha, 2011)If we now several
positions of the satellites and measured distances between the receiver and thevsatedlite

quickly determine the position of the receiver. Change of the position can also be
determinates, is thetine velocity of the receiver. The structure of the GPS is based on the
three segments: space, control, and a user se@Emamgov, 2015)

The space segment consists of the constellation of the satellites, which are tragmseadit

signals to the users. GPS constellation is consisting of at least 24 fully operational satellites in

University of Miskolc 13
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six orbital planesThese orbital planes are surrounding the Earth, and each of them contains
four slots that are occupied by the baselideited States has committed to having 24 GPS
operational satellites 95% of the time. During the past few years to éhegmmmitment of

the United Stateshe Air Force has been flying 31 GPS operational satellites. These satellites
are flying in the mediunof the Earth orbit at an altitudef approximatdy 20,200 km. Each

GPS satellite circles the Earth twice a dagere are more than 24 GPS satellites of the Air
Force, which need to be operational whenever are the baseline satellites decommissioned
(GPS.goy 2019) The representation of the GPS satellite constellation is in Figure 2.1.

o Y,
& %

1Y L

pei®® sxflan
Bran
L IS

o
. " e ‘x“
@ {4 \ 4 . “"
%% L
Figure 2.1 Presentation of the GPS satellite constellat{@®S.gov, National Coordiantion
Office for SpaceBased Positioning, 2019)

The GPS space segment has a lot of different frequencies, rdragingodes and navigation
messages. This segment has to consist of the satellites which are serving for storing and
retransmitting navigation message sent by the control segifitoffmannWellenhof,
Lichtenegger, & Wasle, 2008)

The control segment is focused more on the base task of the GPS. This segment is more

respondile for the proper functionality and operation of the systEine GPS controlegment
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has a global network of the facilities which are tracking GPS sateldteshe analysis and

send commands and data to the constellation.

It has a master control station and also four more control stations; there are also ground
antennas. There aifive monitor stationsand these are as follows: Colorado Springs (North
America), Hawaii (Pacific Ocean), Kwajate (North Pacific Ocean), Diego Garcia (Indian

Ocean), Ascension Islands (Atlantic Ocean).

Graanland

i alazka
: _
5‘“”‘:‘;:':':“ United Kingdam
Vandenberg AFE @ o Hampshire T e
Califarmia = P USHO Washingtan
A Cape Canaveral
L Fonda @ sahrain
M anwait
A
@ Ecuadar G Kowajalein
o
L 1Y A
Ascension Diego Garcia
® Uruguay South Africa Australisn e
] Enla.land
* Master Control Station .« Alternate Master Control Station
A Ground Antenna . AFSCN Remote Tracking Station
@ Air Force Monitor Station @ HGA Monitor Station

Figure 2.2The map of the GPS control segm@aPS.gov, 2019)

In the Colorado Springs, there is a Master Control Station (MCS), where are data processed
from the other monitoring stations. Master Control Station (MCS) is a part of the Operational
Control Segment (OCS), and it also includes an alternate masteslation, 11 command

and control antennas, and 16 monitoring sites. In Figure 2.2. are illustrated the facilities of the
GPS control segment with their locations.

These monitoring stations have consisted of the cesium clocks, which are very pregise. The
have been used to determim®adcast ephemeridéss it has been known, GPS satellites emit
signals on three frequencies L1 (1575.42 MHz), L2 (1227.60 Maig) L5(1227.60 MHz)

The fundamental frequency has been generated on each atomic clock hleoaadetlite,
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10.23 MHz. Values of the L1, Laand L5 frequencies are generated from the fundamental
frequency, which has been multiplying by 154, 120, and 115.
The stellite generate the same carrier frequencies along with satellite ephemerides,
ionospheric modelsand satellite clock correction®\ll of them havemodulated by PRN
Pseudorandom noise codgsme codeserve to measutdetransmission of the satellite clock
signals tothe receiver. These codes are C/A (course/acquisition) code, P (precision or
protected) codeand navigation message.
The C/Acode it repeats itself once every millisecond. The time of travel taking into account
if we assume that the signal is travelatghe speed of light, the distance between satellite and
receiver is approximately 300 m.
The Rcode is more precise and accurate then C/A cotle. fital length of the code is
approximately 266 daysvhich is 38 weeksThe one week segment has beengaesd to the
different satellite. The Rcode encrypted like Xode and it is enabled to provide results for
the users. His chip hgthis 30 m and accuracy 1% of 30 m, when it has been calcpiied
30 cm(Guochang & Yan, @16, p. 3)
The navigation message is long 30 secoR@sameters of the navigation message which has
been used to calculate coordinates of the GPS satellites in the arbitrary nfoBéna goj e vi |
2014, p. 123)
U Reference moment of the time satellite ephemerides which are rdlat&pler
elementd tog
U The square root of the large halfis of the satellite orbit a’%;
0 The first numerical ecericity of the satellite orbit e;
U The inclination of the satellite orbit in the time reference frame
U Longitude of the ascending node of the satellite orbit in the reference time frame which
is related to the position of the Greenwich meridian at the beginning of the current GPS
weeki qo;
U Satellite orbit perigeum argumenty ;
U The middle anomaly of the GPS satellite in the time reference frdvie

U The velocity of the change of the satellite orbit inclinatiah/dt;
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U The velocity of the change right ascension of the ascending ndtle sétellite orbit
ny

U Correction of the middle satellite circulatiorpn

U Harmonic coefficients for the calculation of the distance correction to the sdtelliie
Crs,

U Harmonic coefficients for the calculation of the latitude argument correictig Cus,

U Harmonic coefficients for the calculation of the satellite orbit inclination corredtion
Cic, Gis;

%SV1

Sv3

XY, Z,T

Figure 2.3. GPS Positionirigfor unknown X, Y, Z, coordinate of receiver and GPS provided
time (Young , 1999)

The navigation message bites are emitted on the frequency of 50 Hz, which means that the
duration of the one navigation bite is 20 ms. It needs 12.5 minutes to emit the whole
navigation message, but all data which are essential for the positioning agdtioavare
repeated every30(sBl agoj evii., 2014, p. 110)
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2.2.GPS mathematical models

This part will be described as mathematical expressions of the GPS measurements of the code
pseudoranges, carrier phasasd also Doppler effect.

Code pseudoranges and carrier phases have been used to measure the same distances, but
between them, there are twmnificant differencesThe first difference is that the accuracy of

the code pseudoranges is on the meter |lemadl carrier phases are on the level of the
millimeter. The second difference is that code pseudoranges are complete measurements of the
distances between the receiver and a satellite, but the phaseisaméeterminated because

of the unknown numberfehe phase cycles Bl agoj evi |, 2014, p. 13)

The code pseudorange, as has been mentiosdtie distance that is measured between
satellite and tDarang theecP sigaattrarsimissiamirors thenGisllga

to the GPS antenna, there are a | ot of phys
case, receiver, has been derived by the clock, which is in the GPS receiver. The satellite
generates the GPS signal, which is created by the clock inRi$esatellite. Because of all

these mentioned things, pseudorange, which has been measured, is different from the
geometric distance between GPS satellite and
During the GPS satellite emission of the signal, the time of the emikas been labeled with

te and the GPS signal reception of the receiver by thevie suppose that it has been vacuum
medium and errefree situation, then the pseudorangdich is measureds the one same

one like the measured geometric distanceenTthe measured pseudorange can be shown by

this Eq.

Y oM 0O O uh (2.1)
Where the subscript r and s represent receiver and satellite and c represents the speed of light

on thesame side (lefhand)tpresent the epoch in which is pseudorange measureonatie
different side (righthand) the c represents the speed of ligitit has been mentioned,and
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tr are the emission and reception time of the GPS signal. If it has been taken the receiver and

satellite errors of the clockhe pseudorange can be described as

~ ~~

Y of 6 0 ® 10 10 dh (2.2)

In this Eq] 0 A T4 represents the clock errors of the satellite and receiver.

The geometric distance of the Eq. 2.1 can be calculated

" oM 0w W G & h (2.3)

In the Eq. 2.3 th vector which is a function of the time, in this case,id the satellite

coordinate vector gVys, zs), and the coordinate of the receiver, §%, z) is in the function of

the timet;.

Furthermore, if it has been taken into consideration ionospheric effects, tropospheric effects
the earthodés tide effects, multipath and rel a
pseudorange distances from the Eq. 2.1 can formulate

~ ~ ~

Y ol 7 o 10 10 &1 1 9 g 1 -8 (2.4)

The above equation represents measured pseudpeartyé has been equal to tgeometric

distance from the satellite at the time of tmeission and the receiver's antenna at the time of

the reception, minus or plus few corrections. The errors which are described in the
pseudorange model Eq. 2.4 are clock error corrections which are multiplied with a velocity of
the | i ghiancdowltihem dre i onospheri geantdhodos opos
and ocean loading tideffects,Umnu represents multipath effects n @ 8 a relativistic effect.

Everything else which represents all other erisrs a b e | e dGuotiahgh& Yéh, 2016,

pp. 5657).

The carrier phase is a measure of the satellite signal phase, which is received and relative to

the receiver generated carrier phase in the time of the reception.
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On the other hand, if we compare code and phase measurement, the phase is precise then the
code measurement. This statement can be proved very easy measuring fractional carrier phase
by electronics withoutstandingprecision of the wavelength, which is tre millimeter level.
If it has been considered that the signal is traveling to the vacuum andreeronedium the

phase which is measured can be formulated

B 6 B 6 B o6 0h (2.5)

Inthe E q . °@esénts thaireceiver and satellite carrier phasethe time of the GPS

signal reception of the receiver,r e pr esent s the phaseandfisit he r
the signal phase that is received from the satellite. The lemtpger in the Eq. 2.5 is the®N

phase indetermination.

By the (Remondi, 1984and(Leick, 1995)the transmission of the signal phase if we consider

like received phase of the satellite signal at the time of the reception is the same as the phase

of the emitted satellite signal during the time of the emission what can be shown it the

following Eq.
B 0o B 6 woh (2.6)
I n t he cEegresenB®he@é mitted phase of t heastkeaGP8I1 | it e
signal transmission time. @t can be presente
0o — 2.7)

T h & (4 t) represent geometric distaneehich has been measured between satellite at the
time of emissionestand GPS antenna during the time of the receptianrepresents the speed

of light. If we suppose that the initial time is zero, then the received satellite signal and the
reference carrier of the receiver have the nominal freqdéieftye speed of the light has a
relation with the frequency and the waamdjth, and it is defined with the Eq. 2.8:

O Q_ (2.8)

As it has been mentioned the reference carrier of the receiver has nominal frequency f then

K o Qo h (2.9)
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B 0 wd Q0 wosd (2.10)

I f we take into consideration i1 onospheric ef
tide effects,multipath and relativistic effecteind also other errors, the carrier phase model
can be defined with the following Eq.

"o v 1 1 1 | -

B 0O — Q0 70 O -
(2.11)
Eq. 2.11 ca be shown in this way
1o " o 10 100 _0 ) ) ) ) -8
(2.12)

In the Eg. 2.12 on the lefkand sidet he wavel ength & equals the
geometric distance betwedme satellite during the emission time and the antenna during the
reception time. Carrier phase modédo describeseveral corrections which are defined Jike
UGonaNéeéowlhi ch are ionospherigeamtdhads otpiodeghamd co
tide effects, Umu represents multipath effecta n @ & a relativistic effect. Everything else
which represents all ot her errors is Il abelec
which is the speed of the ligfBuochang & Yan, 2016, pp. &9).

The Doppler effect cabe described with the phenomena of electromagnetic waves. Their
wavelength and frequency change when the source of the wave moves relative to the receiver.
This phenomenon is a characteristic of all types of wames just electromagnetic. The
phenomenon of the Doppler effect got a name by the Austrian physicist Christian Doppler
who has first described itin 1842B|1 agoj en61) , 2014,

2.3.Delay in the troposphere
The troposphere is an areatbe atmosphere that extends from the physical surface of the

Earth to an altitude of about 40 km. The difference between the ionosphere and the

troposphere is that the troposphere is not a dispersive medium for radio wévestive
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frequency range of 100 MHz to 15 GHz. The troposphere is a dispersive medium for
electromagnetic waves within the visible light spectu | agoj evi |, 2014, p.
The data which has been collected from the warioumber of satellites during the specific
period can generate an atmospheric delay and also clock errors and phase uncertainties. Like
was mentionedthe previous ionosphere hasdispersive natureand it affects both GPS
signals. The mathematical combtion of L1 and L2 signals defines the same way of the
influence and L3which is called an iospherefree linear combination, can be maded the
first-order ionospheric delays can be eliminated. The secaiet effects are also present but

L3 ionospifrexec linear

the purpge of this scientific background is not essential.
combination can be described with the mathematical expression:

. Q Q
)] 0 ,,QU 0 ,‘QU 8

(2.13)

Concerninghe GPS receer, the local atmosphere is assumed to be horizontally homogenous,

and based on this scientific presumption, and slant path delays can be mapped into the vertical
In this thesis, the focus is based on the

and unknown numbers can be more reduced.
troposphec zenith delay so that the slant path delay will be ignored.

lonosphere
o )

Electromagnetic sighal propagation
depends on the refractivity of medium & \ [
\‘,\‘ \‘

Dispersive, use dual GPS
frequencies to resolve = \ '
& \\\ \ f

Neutral Atmosphere t
\ \.\\ \ ’{

Non dispersive (troposphere + stratosphere) :
. : we can N, % ) /
convert the slant path delays into a Zenith o A [
Total Delay (ZTD) 3 \ \ /

= Tropospheric path delay is due to many factors
(dry atm. aerosols etc as well as the wet atm.) \ \
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University of Miskolc



INSPIRE ZTD UML model and implementation of the web application based on the ZTD model

Figure2.4. Traveling of the satellite signal through the atmosplkéwres et al., 2019, p. 10)

The delay in the troposphere can be expressed with the following Equation:

W EQi Q0

(2.14)
In this Eq. n isthe refractive index, s is the actual signal pathd g is the hydrtechnical
geometric path. The geometric path lengilnich has been caused by the clemg the
refractivity index it is only in the situations when the zenith angles are very high and where
the signal is forcefully bent by the atmosphere. Today in the current use, most GPS receivers
are set on the elevation cut off angles of eitHeor510*which can minimize the multipath
effect and also eliminates the geometric delay of the signals which have been reflected off the
Ear t h 0 sBythe($niitla& Weintraub, 1953and(Thomsn, Moran, & Swenson, 1986,
p. 720}he refractivity N is defined as N = &B-1). The refractivity in the microwave range
has been related to the atmospheric parameters. This relation has been expressed in the
following Eq. :

5 0 h ” 0 Q ”, 0 Q
V) .,YOO .,%D N

w 8

(2.15)
The following parameters are labeled asvpat representthe pressure of the dry air, e is the
water pressure, T is temperaturq,afd Z.are the factors of the dry air and wat@por and
final ki, k2 and l are thermodynamic coefficients. By tliehayer, 1974, pp. 86807the

values of these coefficients are 77.6 KAP20.4 KhP&  and 373900 K2hPa

2.4.The physical phenomena of th&enith Tropospheric Delay
During the software processing of a large number of GPS measurements, one of the standard

outputs is ZTD. The ZTD is based on the phase measurement from the network of the GPS

receivers on the groundnd it has two constituent parts Zenith Hydrostatic Delay (ZHD) and
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Zenith Wet Delay (ZWD). These terms are in the most common use in the GPS meteorology.
For the vast majority of the ZTD delay is responsible ZHD around 90%. The ZWD is often
usa in metewology, and it can be changed rapidly in time and space. Using the parameters
from the Eq. 2.15 Zand 4, and if it is assumed that they are ideal gases, then these
parameters are equal to 1 by {Bevis, et al., 198, pp. 1578715801)If we assume this they

can be eliminatedand we can separate dry and wet component into the dry and wet partial
pressures and they can be expressed with the following Eq.:

oo N
YUY
(2.16)
i Q
Y'Y
(2.17)
In Equations 2.16 and 2.1Rq and Ry are the gas constants of the dry and wet vapor. The air
density can be defined &s " so the refractivity can be formulated as:
0 ~Qh— ’Q!9 ’QE
Y Y Y
(2.18)
Furthermore, the path has been predbsothaed t o
ZTD between the receiver altitudeand infinity is defined like:
O'YOpT 0 Qa
(2.19)
Then from the Eq. 2.19 the ZTD can be further presented as:
OYOpm Q'YQd pm QY QY " Qapm Q”.,YY (o) -}
(2.20)

2.5.The program of the GPS modernization
During the time, there are many initiatives to upgrade GPS with new capaplities will
serve better in the military, civil and commercial neé@$S.gov,National Coordination

Office for SpaceBased Positioning, 2019By (Shaw, 2011)this program should consider
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consecutive satellite acquisitions. GPS modernization includes the following initiatives:
ending selective avaibility, new civil signals, new GPS satellifeend the control segment
upgrades.

Firstly the modernization started when the use of selective availability SA was finished. That
occurred in May 2000. After turning off SAivil GPS accuracy was improvechimediately.

The new satellite generation released in 2@@d they did not haviae SA feature.

Secondly, the main focus of the GPS modernization was on the navigation signals in addition
to the satellite constellation. In the future, the legacy cigihais will continue to broadcast.

The most significant number of the new signals will be limited to broadcast from 18 to 24
satellites.

Finally, the most essential GPS control segment program has been updated continuously. The
original master control stan was upgraded with a new one in September 2007. The new
master control station is entirely operated and can command and control a constallagion

to 32 satellitegGuochang & Yan, 2016, pp-®.

3. INSPIRE (Infrastructure for Spatial Information in the European

Community)

The term infrastructure, as a mechanism of support for spatialhdetdeemsed for the first
time in the early 1990s in Canada. Today, the concept of spatial data infrastructure (SDI) has
become a worldwide new paradigm for the collection,, esehange and distribution of
spatial data anthformation Spatial data infistrucurehas jointthrough sets of spatial data,
metadata, agreements feverydayspatial data use and distribution, network servieesl
related coordination activities. SDI is always present irs@ecific form, but the level of
implementation varies accordjrio current demandnd technological readinesSubjects can
be classified at several basic levielgsom personal and corporative, through local and county,
to national, regionaland finally, global. Today, the mostndamentallevel is the national
ong i.e., the National Spatial Datalnfrastructure (NSDI) project (OG 16/2007) amNSPIRE
Directive (nfrastructure for Spatial Information in the European Communi&p07/2/EG
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(Mijic & Sestic, 2018) Without spatial data anctlated servicest would be impossible to
manage space effectively, plan citydevelopmeamid infrastructure networks, monitor
situatiors on the ground, or carry out many other activities.

This chapter gives an overview of what has been happehiogglout the time withthe
INSPIRE Directive starting from 2007. including legislative regulations, technical
requirements, assumed standards, scientific methodologies, developed data specifications
finally, resulting in software tools and services. Theemsment also describes overall country
wise alignment to INSPIRE standards and services implementation throughout EU member
states, thus their readiness for fully standardized data acquisition, represeatatiorchange

on national and regional levelfAs a result of thisit is represented countgpecific
implementation assessment includes the following indicators: (a) legislative conformance with
imposed INSPIRE regulations, (b) technical SDI conformance with imposed standards and

data specificatios, and (c) implemented INSPIRI®Bmpliant systems, servicemd datasets.

3.1 Introduction to the INSPIRE Directive (Infrastructure for Spatial Information in the

European Community

The INSPIRE Directive aims to create a European Union spatial dasatmoftture. Spatial
data infrastructures (SDI) exist for quite a long time, actually from the moment when the first
spatial data were collected argtesented in maps and plag&root & Mc Laughlin,
2000)With the rapid developant of spatial data collecting and communication technologies,
spatial data infrastructure has become a more andcantical factor in the way of spatial data
usage at the level of private and public sector, or ,staté ultimately atthe global level.
President Clintonds Executive Order No. 129
stimulus for the creation of nationgppatial data infrastructur¢Executive order 12906, 1994)
Besides national spatial @atinfrastructures, different initiatives at regional (EUROGI,
PCGI AP¢) a n evel (GISDI)b wdre also includedPhillips, Rajagopalan, &
Rosenzweig, 1999ets ofessentiakpatial data also vary from country to countryd @ach

national spatial data infrastructures is differezdncerning socal needs, sociological
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evolution, economic realityand national ambitions and priorities. The efficient land
management with sustainable development, and the planning of all laradiapg demands

for spatial files arrangement and modernization, and establishment of national spatial data
infrastructure. Its establishment demands for full coordination and cooperation between the
provider and the spatial data user, as well as betpeblic and state institutiongviesser ,

2000) The aim of national SDI igrecise 1) to share data evaluation and eliminate duplicated
efforts in data evaluation; 2) to make geogragifased data worldwide easily accessib)eto3
supportthe seamless integration of geographic data from different sources. Unfortunately,
spatial information in Europe can be described as fragmentations of datasets and sources, gaps
in availability, lack of interoperability or harmonization betve: datasets at different
geographical scales and duplication of information collection. Therefore several SDI
initiatives in Europe can lack a coherent, Eurhypkeframework.

For instancewhich standards should be used, how to formulate data sharirgeppland

more critical, which generdy feature models (i.efor example attribute namesstandard
spatial reference models, etc.) to follow. The multilingual nature of the European Union
further increaseshis complexity. However, awareness was growatignational and at EU

level about the need for quality georeferenced information to support understanding of the
complexity and interactions between human activities and environmental pressures and
impacts. Thanks to this awareness, in September, 200EESDI Expert group, representing
geoinformation experts of the European Commission, the European Environmental Agency,
and Member Statesd environment al and nationa
for European directive to establish ar&pean Spatial Data Infrastructure (ESDI).

The adoption of the proposal for a directive on establishing an Infrastructure for Spatial
Information in the European Community (INSPIRE) by the European Commission in July
2004 marked the first important step the way to a Europeaside legislative framework to
achieve a European Spatial Data Infrastructure. The first ovenfi@n organizational and a
process model for INSPIRE was elaborated in a preparatory phase0@005ve drafting

teams have been namated, each been mandated to draft implement rules according to the

next five components of INSPIRE:
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1 Interoperability of Spatial Data Sets and Serviceslisting 34 data topics that shall be
made available in the final infrastructure (see later ISO A 8&@ies).

1 Metadata- to allow the discovery and evaluation of INSPIRE relevant data sets and
services in Europe (see later provision for Metadata).

1 Network Services to make it possible to discover, transform, viemd download
spatial data and to imke spatial data and@mmerce services (see later provision for
Network Services).

1 Data Sharing to allow an as easy possible data exchange between public bodies and
to allow third parties, especially citizert® have as much as possible free and easy
access to spatial information covered by INSPIRE (see later provision for data policy).

1 Coordination and Complementary Measuiedo monitor the organizational and
management aspects of the INSPIRE implementation. In March, #©TNSPIRE
proposalwas adopted as Directive 2007/2/EC of the European Parliament and the
Councit the Directive was published in th@fficial Journal on the 25th April 2007
(Directive INSPIRE, 2007) The overall implementation may take more ttemyears,
thus by 2019andINSPIRE can be expected to be fully implemexoht

3.2Components of the INSPIRE

Interoperability is the base of standardization. Standardization haslé¢hetén EU member

states (MS). There is an internationally accepted level that is adojtieelEeuropea level and

finally implemented #ihe national level. Inthe case of INSPIREthe 1SO 19100 series was
selected aaninternational standard for the technical béBartha & Kocsis, 2011)

The standards are summarized (www.inspire.ec.europa.eu, 2017)SO Technical
Committee has elaborated this sefiE€) 211 as Geographic information/Geomatics standard
based on the proposals of Open Geospatial Consortium (OGC), World Wide Web Consortium
(W3C), Object Management Group (OMG), Organization for the Advancement of Stdicture
Information Standards (OASIF)SO/TC 211 Advisory Group on Outreach, 2009:Standards
Guide ISO/TC 211, 2009 he standardization has been sthite2001 and still is in process.
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The standards specify the IT and the Geographic aspects of Spatial Data Infrastructure and fall
into five categories:
1 Standards that specify the infrastructure for geospatial standardization.
Standards that describe dahodels for geographic information.
Standards for geographic information management.

)l

)l

1 Standards for geographic information services.

{1 Standards fothe encoding of geographic information.
1

The gandard for a specific thematic.

ISO 19100 series of standards was adoptdtesechnical base of INSPIRE by the European
standardi zati on organi zati on CESoTCI211® Thdtur o p ® «
implementation was included in 34 themes. The themes are subdivided into threeagebups
included in the INSPIRE directive in three Appendices.

Member Stateshould make the metadata available for the themes in Appendices | and Il in
2010, and the themes in Appendices Il in 2@&E» be seen on the following web page
(http://inspire.ec.europa.eu/search?search_api_views_fulltext=apex+3+2013.., 2017)

Metadata contains details about the owner of the geographic data, quality, validity, etc., and
how it can be traced and used. The ISO 1911&riational Standards defines metadata
elements, provides a schemand establishes atandardset of metadata terminology,
definitions, and extension procedures. This International Standard defines the schema required
for describing geographic informatioand services. It provides information about the
identification, the extent, the quality, the spatial and temporal schema, spatial reference, and
distribution of digital geographic data. This International Standard is accomplished with two
other ones, name ISO 19118 and ISO/TS 1913%oncerning metadata encoding.
International standard ISO 19118 describes the requirements for creating encoding rules based
on Unified Modeling Language (UML) schemas while ISO/TS 19139 defines Extensible
Markup Language (XML as selected encoding language for geographic metadata. The
INSPIRE Metadata Regulation entered into force on 24 December 2008 (European
Commission 2008). December 2010. The member states must provide the metadata for data

sets and services listed in Ammeand Il of the Directive. A revised version of the TG to
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implement the Regulation using EN I1ISO 19115 Metadata and EN 1SO 19119 Services was
also published on the INSPIRE web site in June ZBitp://inspire.jrc.ec.europa.eu, 201
Metadata regulation 1ISO 1911% explained better in the Technical Specificatishswn in
(http://inspire.ec.europa.eu/search?search_api_views_fulltext=1SO+19115, 2017)
Netwak services are required from Membert8&a(MS) and they are better explained in the
(http://inspire.ec.europa.eu/search?search_api_views_fulltext=1SO+19115, 2NRERIRE
Directive as follows:
1 Discovery services making it possible to search for spatial data sets and dzasEes
on the content of the corresponding metadata and to display the content of the
metadata;
1 View services making it possible, as a minimum, to display, navigate, zdont,in
pan, or overlay viewable spatial data sets and to display legend information and any
relevant content of metadata;
1 Download services, enabling copies of spatial data sets, or parts of such sets, to be
downloaded and, where practicable, accessedtljire
1 Transformation services, enabling spatial data sets to be transfaomadhieve
interoperability;
1 Invoke services enable a user or client application to run them without requiring the
availability of GIS services allowing spatial data servicdsetinvoked;
1 The registry is not a standard service, but obviously INSPIRE based services
should provide a kind of registry for the stored data.
The INSPIRE networks are wddased servicestherefore they use HTTP (HyperText
Transfer Protocol). Thdata are structured according to the rules of UML (Unified Modeling
Language). UML is a graphical planning frame to establish the structure of prebleiny,
or datasets, respectively. The data are described in Xkter(g@bleMarkup Language). XML
an oljectoriented, generalized markup language. The XML datasets are access=80MAP

(Simple Object Access Protocol) frame.

The characteristic features of INSPIRE network services and data management are

summarized in
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(http://inspire.ec.europa.eu/search?search_api_views_fulltext op=AND&search_api, . 2017)
Data sharing legal and administrative measures to allow an as easy possible data exchange
between public bodies and to allow third parties, especially citifamsmmissionRegulation
guarantees itNo 1089/2010 (European, Commission (2010bjEuropean, Commission
(2011);pf 23 November 2010 implementing Directive 2007/2/EC of the European Parliament
and the Council as gardsthe interoperability of spatial data sets and services. Monitoring
and reporting On 5 June 2009, the Commission Decision implementing Directive 2007/2/EC
of the European Parliament and the Council as regards monitoring and reperaagiopted

(European, Commission (2009b);)

3.3INSPIRE Development

The implementation, developmerdand research done in MS published in country fiche
template documents, reporting information providing togethién a comprehensive view.
The template consists of several components:
1 Information extracted from the report tre status of implementation and operation of
the infrastructure (State of Play)
1 Information extracted from the monitoring data tre status of implementation
(automatically generated content from INSPIRE Dashboard)
1 MS action plan info: MS objectives, actions and roadmap to reach INSPIRE
implementation objectives
T Summary (based on overall information including bilateral meetings)
1 Spedfic recommendation (optional).
Country fiche template contains all legally binding information given iS8RNRE Directive,
Article 21 (http://inspire.ec.europa.eu/legislatidetails/directive20072eearticle-21, 2017):.

1 The Member States shall monitor the implementation and use of their infrastructures for
spatial information. They shall make the results of this monitoring access to the
Commission and the publpermanently

1 No later than 15 May 2010 Member States shaltlsee Commission a report including

summary descriptions of:
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a) how public sector providers and users of spatial data sets and services and intermediary
bodies are coordinated, and of the relationship with the third parties and the
organkation of quality asurance;

b) the contribution made by public authorities or third parties to the functioning and
coordination of the infrastructure for spatial information;

c) information on the use of the infrastructure for spatial information;

d) datasharing agreements betepublic authorities;

e) the costs and benefits of implementing this Directive.

1 Every three years, and starting no later than 15 May 2013, Member States shall send to
the Commission a report providing updated informatoncerninghe items referred to
in paragraph 2.
1 Detailed rules for the implementation of this Article shall be adopsddwing the
regulatory procedure referred to in Article 22(2).
Maintenance and Implementation Framework (MIF) is an informal collaboration between the
EU level partnes (namely the European Commission, mainly DirecteGeeeral for
Environment (DG ENV) and Joint Research Center of the European Commission (JRC), and
the European Environment Agency (EEA), short
Member State competeauthorities responsible foéhe INSPIRE implementatiofVilla , Di
Matteo , Lucchi, Millot, & Kanellopoulos, 2008)
It has built on the work of the consultative process to pregeentimerous Implementing
Acts
(https:/liessvn.jrc.ec.europa.eu/projects/mpgwiki/Sth_MIG-P_meeting, 20179r the
INSPIRE Directive and is now maintaining them. It also prepared useful guidance documents
and exchanged good practicatso with the help of Eunded pojects.
Moreover, stakeholder engagement was part of the activities from the dasates the
main achievements over the past years are, in particular:

1 Guiding the Member States by developing technical guidelines.

1 Corrective maintenance of the IN$H framework by managing and resolving issues
in technical guidelines and preparing proposals for change for Implementing Acts;

1 Adaptive maintenance of the INSPIRE framework;
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1 Development of tools supporting implementation;

Building capacity in the Member States for INSPIRE implementation; Maintenance
and Implementation Group (MIG) is a formal body to monitor the implementation and
development. Their Working Program (MIWP) for 262G20 contains:

1 The Digital Single Market itiatives with particular relevance for the INSPIRE
Directive, namely the free flow of data initiative, th&severnment Action Plan and
the European Interoperability Framework, where synergies can be created,

1 The Better Regulation agenda driving effiagnand effectiveness whereby the
INSPIRE Directive can help reducing administrative burden ewviithancing the
access to evidence for policymaking and implementation;

1 The Environment policy agenda based on the 7th Environment Action Programme
with a strong emphasis on implementation;

1 The link to EU policies and other international initiatives, in partic@apernicus, the
HORIZON 2020 agenda, the United Nations Cotteei of Experts on Global
Geospatial Information Management (UN GGIMnhd GEO where INSPIRE already
plays an important role.

1 Agenda 2030 and the need for geospatial data in achieving and monitoring the SDGs.
Also, the Census 2021 will be a driver for MSto modernize their statistical
production and use addresses, buildiegsadastral parcels to link to statistical data.

1 The national eGovement and Open Data initiatives, whéine convergence of efforts
and alignment of implementation rules wouldrtzdly address the omnipresent
resource issues.

1 On all these and other initiatives retplicitly listed here, the MIWP 201722020 can
play anessentialole in contributingand can act as a platform to explore and exploit
synergies to the maximum extem a collaborative and consultative spirit that

dominated in the INSPIRE implementation from the outset.

3.4. INSPIRE Perspectives
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Vision for a European spatial data infrastructure for EU's environmental policies and policies
or activities which have ampact on the environmeighttp://inspire.ec.europa.eu/legislation
details/directive20072eearticle-l, 2017) is to put in place eadgp-use, transparent,
interoperable spatial data services which are used in the daily @fodnvironmental
policymakers and implementers across the EU at all levels of governance as well as
businesses, science and citizens to help improving the quality of the environment and leading
to effectiveness gains and more simplification.When talkirapbsers, it is clear that public
authorities dealing with the environment (e.dtom EU policymaking to national
implementation to local enforcement) are the initial primary beneficiary of the INSPIRE
implementation.

Neverthelessjust about any puliti authority that uses spatial data can benefit, such as an
agriculture department or the transport authorities. In partidhlarcollaboration between the
INSPIRE implementation and the eGovernment initiatives in many countries has widened the
potential user base. Eventually, academics, researchersyjomemmental organizations,
businessesand citizens are also expected tenéfit. The kusiness will most likely be
encouraged to develop new electronic applications for markets interested in (quality)
geospatial informationfor example, providing shoppers with the locations of bank machines,
insurance companies with information flooding hazards, or cyclists with cycling shop
locations, delivered through personal mobile phones.

1 Therefore, user demands will become meniéical in the strategic direction as a basis
for this work program, in addition to the continued "supparimplementation” (work
area 4). The main other working areas are:

1 to assess the fitness for the INSPIRE framework and promote simplification (see work
area 1: "Fitness for purpose": Maki-ng | NS
oriented eneliserperspective);

7 to deliver short term results (quick win applications) including helping to streamline
reporting (which is one use case but not the only one) (see work area 2us&mnd
applications” for environmental reporting and implementation);

1 to ensire alignment and synergies with EU emerging policies and initiatives (see work

area 3: "Alignment with EU policies/initiativécreating a platform for cooperation).
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The new strategic direction will guide the MIWP 202020 and result in immediate awis
so that we demonstrate that the INSPIRE Directive can be implemented in a proportionate,
faster and pragmatic way. This strategy is the centerpiece of the new MIWR22207
Given the significant scope and ambition of the INSPIRE Directive, the mgpitation
process overall would benefit from stricter EU priority setting. This would allocate the limited
resources on those issues wtik highest priority and where tangible benefits for environment
policy can be expected. It would also strengthenctiossborder and EU dimension of the
INSPIRE Directive implementation because interoperability can only be successful if all
partners (EU, national, regional and local administrations) share the same priorities so that we
al | Apul | i n .tdkeece, sviEemdefinithg mew @adtion® for the MI\WMRe
following criteria for priority setting should be considered (which would replace the
prioritization template currently used):

1. Engage users!
Addressing emerging priorities (EC and MSs);
Demonstrate shoterm benefits of current investment;
Make the INSPIRE framework mopeodictive and better exploitable;
Facilitate implementation (e,ghrough appropriate simplification measures);

Ensure sustainability of INSPIRE;

N o 0o b~ w D

Adapt to changes (e,glriven by the Digital Single Market or Better Regulation).

As regards priority settingoncerningspatial data covered by the INSPIRE Directive, the
following approach, from the EU (reporting) perspectivas been introduced for discussion.
They do notneglect user needs for planning, running and monitoring environmental
infrastructures. Any prioritgetting approach has its intrinsic logic that one area is prioritized
over another but that ultimately, stbg-step, all issues get addressegstematicdy and
efficiently. Any EU priorities complement any national and other priorities which are set
elsewhere and do not alter in any way the legal obligations set out by the Directive.

University of Miskolc 35



INSPIRE ZTD UML model and implementation of the web application based on the ZTD model

3.5 INSPIRE digital data models

The basic of the environmental poligday down in all public authorities from the aspect of
the Infrastructure for spatial information in the European Community.ifs$téutions and
bodies in the Community need to integrate spatial information for all MS (Member States).
The INSPIREecognizes that it needs to be able to gain access to spatial data and services and
use it following harmonized conditions. Directly in the Directive, there are concrete measures
on how to implement datand this is the responsibility of each MS. The tagons for
adopting INSPIRE Data and Service Sharing was started on thef28larch 2010. The
implementing rules in INSPIRE are based on the spatial data sets and safsigdkere is
data specification guidance, which is based on the UML modettecrdy the INSPIRE
Thematic Working Groups. The rules of the implementati@nevadopted as Comission
Decision and Regulationand they are binding in their enti(IG-T, 2016) The INSPIRE
is based on the infrastructurekthe spatial information which is established and operated by
the 28 MS of the European Union. The key of this Directive is 34 spatial data themes that are
needed for the environmental applications with the critical component which has been
specified though implementing rules.
This Directive requires standard implementation rules, () they are adopted inetbe
areas:

1 Metadata;

1 The interoperability and harmonization of spatial data and services for selected themes

(as described in Annexes I, Il] bf the Directive);
1 Network Services;
1 Measures on sharing spatial data and services;

1 Co-ordination and monitoring measures.
In the INSPIRE directivedata specificatiomsbased on the UML data models, XML schemas

and Feature Catalogue which has bdeveloped by the INSPIRE Thematic Working Groups
(Inspire, 2017)
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3.5.1.Data and service sharing

The process of sharing data and services is related to the provision of a sustainable structure to
develop, facilitate and streamline. For the sharing activities, the essential stepeis
coordination and it facilitates access and use of the spatial data sets. These structures often
include securgaccessible view services for the stakeholders and the genblial pthich has

been defined under Article 14 and other critical operational capacities for the SDI such as data
harmonization and research of the development efforts. The excellent structure for
coordination of the data sharing should provide:

1 A clear view of he roles of the various stakeholders and their respective
responsibilities;

1 A clear view of the processes involved. The processes should provide for vertical and
horizontal communication, information to potential participants on how to be
included in the data sharing, and how to solve problems and conflicts.

1 Planning should inclde practical administrative and technical infrastructure support,
for example, template licenses, repositories, registaied frontline assistance such
as helpdesk, hotline, and consultancy.

1 Central access point to spatial data sets and services thadgzr@ll the relevant

information for access and use.

The policy also should take into considerationichis the stakeholders because it is not
necessary to be an individual institution. The resimiitsees of the stakeholders must include
planning, mortoring, problemsolving, and settlement of disputes. If it is considered in the
context of the INSPIRE data and service shartrgnsparency on the data is about the
Member States and their public authorities. It should be clear what kind of dataréndsse

are available and how they can be obtained and used. The most important thing about data
transparency and also the dees is that the user can evaluate the data whatever they are
available, and they meet his needs and requirements. The inforrcatiohe available as

metadatabut some other additional information should also be available if it is requested to
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allow an assessment of fithess for the purpose to be made. The multilingual transformation can
offer transparency without delay to all MSndatheir public authorities as well as to the
European Community. The most important criteria for achieving transparency are:
1 Metadata is uto-date and available;
1 Additional technical information can be readily made available to allow assessment
for fitness for purpose,;
71 All conditions of use are clear, complete, published online and available for the
public;
1 Precise contact details and speedy process for acquiring further information about
all aspects of the data;
1 Multilingual information is made availableneeded (e.g., European level);
Metadata is wto-date and available;
Metadata is being kept up-date frequently and is available via the network
services;
71 Additional technical information can be readily made available to allow assessment
for fitnessfor purpose.
The data which are quite often are used for different purposes from those for which it was
collected. Much information is available in metadata, additional technical information on
source and quality should be provided to allow decisionghiadata can be used for different

purposegDrafting Teanm Data and Service Sharing, 2013)

3.5.2. Requirements for spatial data themes

Definitions of the coordinate reference system which has been set out in Article 2 and that
shouldbe applied
T 6datumd means a parameter or set of pa
origin, the scale, and the orientation of a coordinate sydwlowing EN ISO
19111,
T 6geodetic datumd means a datum describir
to the Earthfollowing EN 1SO 19111,
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T 6coordinate systemo means a set of ma
coordinates are to be assigned to poumslerEN 1SO 19111,

T 6coordinate reference s ystisaalated tntheareak a ¢
world by a datumfollowing EN ISO 1911. This definition includes coordinate
systems based on geodetic or Cartesian coordinates and coordinate systems based
on map projections.

T 6map projectionbd means a c han-tpene of CC
relationship, from a geodetic coordinate teys to a plane, based on the same
datum,perEN ISO 19111,

f 6compound coordinate reference systemb
using two other independent coordinate reference systems, one for the horizontal
component and one for the vertical coment, to describe a positionnderEN
ISO 19111,

T 6geodetic coordinate systemd means a ¢
specified by geodetic latitude, geodetic longituded (in the threelimensional
case) ellipsoidal heighttnderEN 1SO 19111.

The datum of the European Terrestrial Reference System 1989 (ETRS89) is defined for the
three dimensional and two dimensions coordinate reference system and the horizontal
component of the compound coordinate reference systems which have been usednigr maki
data sets available. The ETRS89 is defined in the areas within its geographical scope or the
datum of the International Terrestrial Reference System (ITRS) or the other geodetic
coordinate reference system which is compliant with ITRS in areas thaiutsile the
geographical scope of ETRS89. The system which is compliant with ITRS means that the
system definition is based on the definition of the IT&fslthere is a relationship between

both systems due to the EN ISO 191Cbmrmrission regulation, 2010)

3.5.3. INSPIRE implementing rules
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The purpose of the INSPIRE Directive was to enable the formulation, implementation
monitoring activitiesand evaluation of Community environmental policies on all levels. All
levels considr Europen global and local levels to provide public information. The MS has
created an infrastructure for spatial information called INSPIRE. Those infrastructures have
several components and they include metadata, spatial data themes (Annex I, Il),and |
network services and technologies. There are also agreements on data sharing, access and use,
coordination and monitoring mechanisms, processes, and procedures. The main principles of
the INSPIRE are:

1 that the infrastructures for spatial informationthe Member States should be
designed to ensure that spatial data are stored, made available and maintained at
the most appropriate level;

1 that it is possible to combine spatial data from different sources across the
Community in a consistent way and shahem between several users and
applications;

1 that it is possible for spatial data collected at one level they should be
shareable between different levels of all public authorities

1 that spatial data are made available under conditions that destatt their
extensive use; and,

1 that it is easy to discover available spatial data, to evaluate their fithess for
purpose and to know the conditions applicable to their use.

Figure 3.1 it has been shown the relationship between INSPIRE implementation rules and

Technical Guidance.
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INSPIRE

Implementing
'"“5.‘5;‘?,’;;"9 Directive
&7 2007/2/EC
4
“What Member States l v
must implement” INSPIRE

Implementing Rules

Commission for Metadata,

Reguiation Network Services
Interoperability
" 4 Spatial data sets and abstract
legally binding l i B specification

not legaily binding ’ .
INSPIRE [INS TGSDS] INSPIRE [INS TGDLS] Imp'emﬁent:hon
Technical Guidance Technical Guidance Specincation

cudance || ©.9 s g
“ - ¥ implementation of implementation of
HOW _Member Sta,t,es & Spatial data Services Download Services
might implement it &
Implementation Implementation
Requirements & Requirements &
Recommendations Recommendations

Figure 3.1The elation between INSPIRE implementing rules and(MBG-T, 2016)

Technical documentation should be used tolifate the implementation of the Directive
2007/2/EC. All reading which is regarding the lawshould be derived from Directive
2007/2/EC and other appligde texts and principles, and also all related Implementing Rules
(MIG-T, 2016).

3.5.4. Data models in INSPIRE

The data models in INSPIRE are those models that are in the amendment to the Implementing
Rules for Annex Il + Il themes, including some updates of the Annex | data themes.

Feature catalog

An informative overview of the spatial object types and data types defined in the INSPIRE
data specifications, which providesaturalentry point to the INSPIRE data models and data
specifications for implementers and decisioakers.Figure 3.2. has been shown a Feature

catalgue for the conceptual data model according to INSPIREspaizfications
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Feature class Attribute
1 Buoy InspirelD
2 Beacon InspirelD
3 FairwayArea InspirelD
4 Ferry ferryUse
Crossing InspirelD
5 Marine deepWaterRoute
Waterway InspirelD
6 PortArea conditionOfFacility
InspirelD
7. PortNode conditionOfFacility
InspirelD
8 WaterlLink waterTrafficFlowDirection
Sequence restrictionForVehicles
InspirelD
9 WaterLink waterTrafficFlowDirection
restrictionForVehicles
InspirelD
10 Waterway formOfWaterwayNode
Node InspirelD
11 Shoreline levelOfDetail
Construction conditionOfFacility
InspirelD
12 Shoreline waterlLevel
segment
InspirelD
13 InterTidal highWaterLevel
Area lowWaterLevel
InspirelD
14 Buildings name
conditionOfConstruction
currentUse
InspirelD
15 ContourlLine (These Feature classes are part

BreakLine
IsolatedArea
SpotElevation

of bathymetry dataset, and
each have own attributes)

Figure 3.2 Featureatalguefor conceptual data model according to INSPIRE data
specificatony Hel i magi I ,, &R Cicel i, 2013)

HTML view of UML models

An interactive HTML view of the complete UML data models. This view includes detailed

definitions of spatial object types, data types, enumerations and codeanidt&JML class
diagramsFigure 3.3. shws the HTML view of the UML models.
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INSPIRE Consolidated UML Model

Figure 3.3 HTML view of the UML moddlvww.inspire.ec.europa.eu, 2017)

UML models for Enterprise Architect (EAP, XMI)

Zip archive containing the INSPIRE UML models as an EA project fie dMI exports.
Developers can use them for the importtodNSPIRE data models in Enterprise Architect
(EA) or other modeling tools.
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wapplicationSchema»

Addresses wapplicationScheman

B +Address Base Types

E +AddressAreaMame H +1dentifier

B + AddressComponent E + spatialDataSet

E + addressLocator _ ==& +VoidReasonValue

E +AddressRepresentation e - E + conditionOffadlityvalue
B +AdminUnitName =T - E + VerticalPositionValue

E + GeographicPosition

B + GeometryMethodvalue

B + GeometrySpecificationValue
B + LocatorDesignator .

E + LocatorDesignatorTypevalue == «appligationSchemax
B + LocatorLevelvalue Tl _ CadastralParcels

B +LocatorName ST =
B +LocatorNameTypeValue
E + partofMame

B +PpartTypevalue

B + postalDescriptor

E +statusvalue

B + ThoroughfareName ~
E + ThoroughfareNameVvalue

{frarf;"Ba&r Types)

B + BasicPropertyuUnit

H +CadastralBoundary

B + cadastralZoninglevelvalue
El + CadastralParcel

B'+ cadastralZoning

(from Cadastral Parcels)

wapplicationSchemas»
AdministrativeUnits

E + AdministrativeBoundary

B + AdministrativeHierarchylLevel
B + AdministrativeUnit

H + condominium

B + Legalstatuswalue

B + ResidenceOfAuthority

E + TechnicalStatusvalue

(from Administrative Units)

Figure 3.4 The UML package structure for Addresses under the Annex |

(www.inspire.ec.europa.eu, 2017)

UML models for Enterprise Architect (SVN)

Alternatively, developers using EA can link to the INSPIRE UML models using one of the
public branches in the svn repository. Before connecting, please reatbthieow to onnect

to the repositories from EA and download tbML profile used in the INSPIRE data
specification development.

GML application schemasand codelist dictionaries

The GML application schemaXML schema documents) and code list dictionaries generated
from the UML application schemas based on the default encoding rule).

Schema repository

The GML application schemas are also available through the INSBtR&ma repository

at http://inspire.ec.europa.eu/schem@giproved schemas) or

http://inspire.ec.europa.eu/draithema/(Draft schemas).
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This distributioncombinesthe datamodelscontainedn the amendmento the Implementing
Rules(seeabove)andthe extendeddatamodelscontainedn the dataspecificationTechnical
Guidelines(but not in the IRs).Pleasanote that the extendeddatamodelsnot includedin the

IRs shouldbe consideredsa draft andthereforebe usedwith caution(Lutz, 2011)

The central aspect of the Infrastructure for spatial information in the European Community,
like an essential for all public authorities, is to access spatial data and services. An essential
thing in INSPIRE during the implementation issue is to use Fe&atalogue, HTML view of

the UML models, UML models for Enterprise Architect and GML application schemas, and
code list dictionaries. During the implementation, these data models are fundamental, and they

should be used.

3.6. INSPIRE Observation and meaurement (OM) introduction

Several themes of Annex Il and IIl are very specified in addition to the necessary spatial
information which includes measured, modeled simulated data about the real worTdhe
International Standard on Observations and $deament (OM) ISO 19156:2011 was
designed for specific purposeand it is designed to be used in INSPIRE to cover all these
requirements. This paragraph will be explained the main scopes of the Observation and
Measurement standard for the better undedst@gnINSPIRE specific desigithe Observation

and Measurement should be used firstly for the quality of property values, which should be
provided with the data. If it is considered the data structure of the OM standard, it has defined
the OM Observation tge. On the following Figure 3.5, there is a diagram that shows the

essentiaDM_Observation type with all attributes, associati@mgl constraints.
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ametac asss «FeatureTypes MD Metadata
GF_Feature Type OM_Frocess =
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| Y /
+theGF_FeatureType /|4 1 L "'5'3']595”0 Pmcef.'sed Met._aéata
/
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GFl_Feature 1 +generatedObsarvation \‘~ [ ,".
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" Bt
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+ wvalue :Any froot}

Figure 3.5TheUML diagram of the primary Observation tyfigtps://inspire.ecugropa.eu,
2016)

The UML diagramin Figure 3.5 can be evaluated like that the Observation is an apparition in
which the result is estimated like a value of some propbéihas featuref-interest, in the
specific point of time under the specific procedure.

Firstly there is a problem to understand the meaning of the observation because it is essential
for a specific and accurate understanding of the domain of observatidaauareof-interest.

The OM standard ds not provide a formal facility or station concemo there are
requiremets to provide information on specific locations that will be used for multiple
observations.

The modeling of stations is suggested withs€rvation and Measurement standard in the
form of the SamplingPoinaind this can cause some difficulties if someone wants to include

remote sensing or measurements from the satelMash are the basic concept of this thesis.
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Also, it cannot provideugpport for the mobile facilities and then it cannot be used within the
INSPIRE context.
About the OM standard, it will be discussed more in the next chaptetduring the model

creation, all explanations will be given in the next chapters.

4. Programming techniques

In this chapter, it will be given a short overview of all programming techniques which have
been used for the experimental part of the thesis. It will describe all techniques of the
programming which are needed to create a model thatgeealiwith INSPIRE Directive

rules.

Furthermore, notations, technologies, formats of the data which have been used for the

implementation of the practical part of the experiment are described in this chapter.

4.1. The Unified Modeling Language (UML)

The unified language for modeling (UML) is a congregation of the graphic notations which
are based on the unique metamodel, and it serves for the describing and projecting of the
software systems especially tlse which are designed by applying objedened
technologies. The previous definition is a basic of the UML. The UML is not a programming
language; it is more language for the visualization. This language is not intended to be a visual
programming language in the concept of having all visual andrgensupport to replace
programming languages. As it is mentioned above UML is not a programming language but
these tools can be used to generate code in different languages using UML diagrams. The
UML has a direct relation with objecriented analysis @hafter standardization, has become
Object Management Standard (OM@EO/IEC, 2005, pp. 1:20).

Diagrams that are created in UML are not made just for developers but also for business users,

familiar people and all @ss who want to understand the system.
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In order to follow the concept of the experimental part of the thesis and INSPIRE Directive
implementing rules, the short overview in this chapter will be on the UML class and object

diagrams.

4.1.1. UML conceptualmodel and objectoriented concepts

The concepts and their relationships define the UML conceptual model. Before drawing a
UML diagram it should be made a conceptual model. This model helps to understand entites
and their functionalities with each othierthe real world. The three major elements are the
basis of the UML conceptual model: UML building blocks, the basic rules on how to connect
the building blocks, and the shared mechanism of UML.

The concepts of the UML exist in objeatiented analysisand UML is good enough to
represent it. Before start modeling, it is essential to understand-objetted concepts. The
basic objecbriented concepts are Object (it is an essential entity for building block), Class
(represents object blueprint), Abmttion (shows the behavior of a reerld entity),
Encapsulation (this is a mechanism for binding data together and hide them), Inheritance
(making new classes from the one which are existing), Polymorphism (defines the mechanism
to exist in different fams).

The objectoriented concept is the most important for the analysis to identify objects of a

system that has been designed.

4.1.2. The UML Diagrams

The UML diagrams are the output of the entire system. For creating a UML diagram, it has
been usedni elements and relationships. The complete UML diagram represents a system.
There are two types of UML diagrams: behavioral and structural UML diagrams.

The types of behavioral UML diagrams are:

Timing Diagram;

Use Case Diagram;

State Diagram;

Activity Diagram;

= =4 A A4 -

Interaction Overview Diagram;
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1 Sequence Diagram;
The types of structural UML diagrams are:
Object Diagram;
Component Diagram;
Composite Structure Diagram;

Class Diagram;

= =2 =4 4 -4

Package Diagram;

The focus will be in this chapter on the package and class diagrams, as was previously

mentioned.

4.1.2.1. The UML class diagram

The class diagram has the purpose of modeling an application. These diagrams are the only
one which can be mapped witlbjectoriented languagesnd they are widely used for the
construction of the model. It dedoes the classes in the system and the relatetseen
them. The UML class diagram has all object oriented concepts: associations, aggregation and
inheritance
Furthermore, the class diagram is an essential UML diagram for the creation of software
applications. It is very important to consider the class diagram during the drawing from the
top-level view. The different aspects of the application are represeuritiedhe class diagram,
and this is the best graphical presentation.
In order to present the whole static system, it has needed to have a collection of the class
diagrams (https://www.tutorialspoint.com/uml/index.htm, 2Q01&p. 2628). During the
creation of the UML class diagram, there are some rules which should be kept in mind:
1 Class diagram should have an appropriate name that needs to describe the real aspect
of the system.
During the modeling, relations betweeach element should be defined in advance.
1 Each class should have an identified responsibility.

1 Every class should have a minimum number of properties.
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1 The notes should be included to define a diagram. After the drawing, it should be
understandable fadhe development team.

1 Inthe end, the diagram should be reworked until it is ready for the final presentation.

University of Miskolc 50



INSPIRE ZTD UML model and implementation of the web application based on the ZTD model

Figure 4.1, it has been shown an example of the UML class diagram.

Bank
+code
+address o
+ma:l1agles(} ATM
+maintains()
Customer +location
> +managedby
+name
+address +identifies()
+dob +transactions()
+card number
+pin
ATM Transactions
+venfyPassword()
Account L
Has |1 ) +transaction id
number . Account Transaction | +date
12 +halance DE
J +amount
+deposi) L +post balance
|
+withdraw()
createTransaction() +modifies()
Current Account Saving Account
+account no. 1 Savings-Checking +account no.
+halance J 1 +balance
+withdraw()

Figure 4.1 The example of the UML class diagiiips://www.guru99.com/urrtlass
diagram.html#7, 2019)

This UML class diagram explains the ATM systems. It describes that ABMaghtforward

for use. In this case, customers need to press a button to get some cash. There are some
security layerghat all ATMs need to have. All these functionalities are useful for preventing
fraud and provide money for customers.

In the end, the UML class diagram describes the system in which we have types of objects and

different kinds of relationships betweemetn. The most critical elements of the UML class
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diagram are class, attributes, and relationships. This UML class diagram is handy to map

programming languages like Java, C++, Python, etc.

4.1.2.2. The UMLobject diagram

The UML object diagrams are created from the class diagrams. The object diagram is
dependent from the class diagram. If it is considered the concept of the object diagram it can
be said that it is very similar to the UML class diagram. Object diagransnaashot of the

static view of the whole system but in the specific moment.

In order to present data, the class diagram presents an abstract model that is created from the
classes and their relationships. The object diagram is an instance of the ¢Jes® diad that

means that it has the same thing which is used in the class diagram. In the object diagram, all
the elements are strictily specified and they have formed to represent thereabbject.

The following Figure 4.2 represents the object dhagexample.

Ferrari: Car BMW: Car
+name = Portofino +name = 1 series
+price = 35000000 +price = 3000000

Figure 4.2 Example of the UML object diagrénttps://www.guru99.com/urmbbject
diagram.html, 2019)
In the example in Figure 4.2. it has been created the UML object diagram which contains two
objects. The name of the objects are Ferrari and BMW and they belong to the class Car. In this
object diagram, the entities that are in the real world are thenaestaf the class.
Furthermore, it can conclude that UML object diagrams are used for the modeling of the

classes, data and provide other information as a set. The UML object diagrams can be used for
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visualization and also for analyzing online or thein#lsystem, and also, they are suitable for
the understanding a practical part of the system
(https://www.tutorialspoint.com/uml/index.htm, 2018, pp-30.

4.2. The Extensible Markup Language (XML)

The Extensible Mrkup Language (XML) is a language that is #eased and it defines a set

of the rules in a specific format. Firstly this language is used to describe data and it has a
textual data format with a strong background through the Unicode for the differgnadges.

The XML is one of the most significant IT standards when it has been considered to build the
Spati al Data Infrastructures (SDI&s) . Il n | NS
transfer purposes.

Furthermore, this chapter will describe thasiec concepts of the XML, which are very
important for the INSPIRE, and they are XML syntax, elements, and attributes

(https://inspire.ec.europa.eu/training/basimceptsxml-andgml, 2018)

4.2.1. The XML syntax, elementsand attributes

In order to explain XML functionalities, each part of the XML document will be explained.
Each XML document should contain in the first line the declaration in which states that it is an
XML document, also the version of the XML, which Heeen used. In the following example,

it will be explained the XML syntax, attributesnd elements.

In order to create an XML document and explain all the content of the following document, it

will be created a relational database table. The relatioriabase table will have the name

0OStua@eand this table will have some attribut
StudentlD LastName | FirstName
210422 Smith Ed
220422 Zhao Lu
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Figure 4. 3. Rel at i o (htpk://indpird.ea.buspgaeeu/ttaiaitglbasic ( 0 St u
conceptsxml-andgml, 2018, p. 4)

From Table 1. it can be expressed as an XML file and it looks like this:
<?xml version="1.0" encoding= "utf -8"?>
<MyDatabase >

<Student >

<Student -ID>210422 </ Student -ID>
<LastName >Smith </ LastName >

<FirstName >Ed</ FirstName >

</ Student >

<Student >

<Student -ID>220422 </ Student -ID>
<LastName >Zhao</ LastName >

<FirstName >Lu</ FirstName >

</ Student >

</ MyDatabase >

The first line of the XML file which has been created should be the rd¢idia of the XML

version which has been used. In this XML file is also included a statement of encoding
together with the version which has been used. The most important content of the file are the
XML elements and usually, they consist of a start andtagdBetween the start and end tag,
there is a content of the XML elements. The start tag in this XML filedStadent> and

the end tag has the foriStudent>

The XML file also has other root elements that contain all other elements besides stad and

tag. Attributes in the XML file can be confused with the elements. Sometimes, its attributes
can be described and explained like metadata, and elements describe just data. When the
attributes are used, there are some problems because attributesheasenotultiple values.

They are not expandable and they cannot describe structures.

Finally, the best solution is that metadata should be stored like attributes, and the data should
be stored like elementghttps://inspire.ec.europa.eu/training/basomceptsxml-andgml,

2018, pp. M).
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4.3. Enterprise Architect (EA)

Sparx Systems have developed the Enterprise Architect softivésea visual modeling and
design tool based on the Object Managen@niup (OMG) and Unified Modeling Language
(UML). The EA platform has many functionalities and supports design and construction
systems, business process modeliagd modeling in the industry domains. Using UML
modeling like a basis, it provides a uniqueganizational architecture and provides a
reasonable basis for the creation and implementation of the new systems, ddditiona
changing the existing one¥he EA has a wide range of users from the programmers and
business analysts through the enterprishitects, whih are situated in the small developer
companies, big corporations, and government organizaitms& Ardlie, 2007,2009)
In the EA software there a wide range of standards for designing and modeling different
systems. Some of the most important standards are:

1 UML 25
SysML 1.5
BPMN 2.0
DMN
BMM
MARTE 1.2
BPEL
SoaML
SPEM
WSDL
XSD
DDS
ArchiMate 3.0
ArcGIS
IFML
CMMN

=4 =/ 4 A4 -4 A4 A5 -4 -5 -5 -4 -5 -5 -2 -
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1 Geography Markup LanguagéML)
1 ODM, OWL, andRDF
1 VDML 1.0

The EA has integrated functionality for workingith a different versioncontrol system.
However, since EA stores its models in a binary, Microsoft Accesediiaot be used directly
in the EA repositoryThe settingup a repository and checking out/invergas notwholly
straightforward.The EA file by itself it is binary,then itwill allow import/export of each
package in XML in the Metadata Interchange format (which is an ASfiid) that will then
be checked out/in of EALhe packages yhemselves & version controlledout the EA file is
not (Lutz, 2011)

4.4. PostgreSQL

PostgreSQL has been developed as a part of the project at the University of California,
Berkley. The phase of the development started in the 1980s and continue until now.
Furthermore, during the project in which PostgreSQL has been developed, one aithe te
leaders left the project and wanted to create his version of the part of the project called Ingres.
However, he returned to the Berkley and started alpgses project with a clear objective to
develop a system that will resolve the problems of #HialwhsegStonebraker, 2011)

This database is also known as Postgred it is a free, opesource relational database that
has many functionalities and also compliance with a lot of technical standards. During the
creationof this database, it takes into consideration to handle work with a wide range of the
workload and also to work from one single machine with many users/customers.

In order to explain this relational database, it will be considered indexes, sclammahta

types that can be used in PostgreSQL. All these elements will be used in the experimental part
during the implementation.

The indexes which supported in PostgreSQL ateeB and hash table indexes, but there are
some other index methods for the ascemd they are: generalized search trees (GiST),
generalized inverted indexes (GIN), Sp&agtitioned GiST (SHE5IST) and Block Range
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Indexes (BRIN)Bartunov & Sigaev, SI&iST - a new indexing framework for PostgreSQL ,
2011)

Furthermore, there are sonsggnificant indexes and they are expression indexes, partial
indexes and +earest neighbors indexing. Each of these indexes will have an appropriate
definition:

1 An index which is an expression of the function instead @& dbtualvalue of the
chain is an expression index.

1 Anindex which is just a simple part of the table is partial.

1 The indexing which is specified to find the closes values, which is also useful for
finding similar words or some close objects or locatianih specifical coordinates
(using geospatial data) is calleehkarest neighborBartunov & Sigaev, Knearest
neighbour search for PostgreSQL, 2010)

PostgreSQL has a schema and they have all objects except tablespacekeifias hiave the
purpose of allowing an object to exist in the same database as namespaces and act like them.
All schemas which are created in the new databases are called public, but it can be added other
schemas.

Furthermore, there are a lot of data typéhich are supported in the PostgreSéd they are

the following: Boolean Arbitrary precisiomumerics Character BinaryDate/time
MoneyEnumBit strings Text search type Composite HStore is an value extension
(https://lwww.linuxjournal.com/content/postgresgisgtdatabase, 2019Arrays, Geometric
primitives, IPv4andIPv6 addresses Classless InteDomain Routing CIDR) blocks
andMAC addressesXML supportingXPathqueries Universally unigue identifie(UUID),
JavaSript Object Notation (JSON) and JSOf®oghegan, 2014)

In the end, the usersan create their datasets and types which can support indexable
PostgreSQL's indexing infrastructureand these data types include examples of the
geographic information system (GIS) data types from the PostGIS, which is a project of the

PostgreSQL. TheostGIS will be discussed in the following chapters.
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4.5. PostGIS

In this paragraph it will be a short introduction in the PostGIS. It will be explained the history,
features and users of the PostGIS. However, more about PostGIS and its functionalities will be
described in detail in the implementation part of the apjudica

Firstly, PostGIS is opemource softwareand it has functionalities that support geographical
objects and also a PostgreSQL database. The features of the PostGIS are by the rules of the
SQL specification of the Open Geospatial Consortium (OGC).

Implementation of the PostGIS was imagined like that it is a PostgreSQL external extension
(https:/lwww.postgresqgl.org/docs/current/exteragtiensions.html, 2019) The Refraction
Research released the first version of the ®&tnder the GNU General Public License.
PostGIS was registered in the OQikRe implementing the specific standard for the Simple
Features for SQl(http://refractions.net/, 2019The software which is using a PostGIS like a
backend database are ArcGIS, Cadcorp SIS, CartoDB, CitySurf Globe, GeoMedia, GeoServer,
GeoNetwork, GRASS GIS, gvSIG, Kosmo, Manifold System, MapInfo Professional, Mapnik,
MapServer, Maptitude, MapGuide, OpenJUMP, OpenStreetMap, QGIS, SAGA GIS,
TerralLib, TerraView and uDig.

Finally, PostGIS hamany functionalitiesthat are very different. These functionalities or
features are geometry types, spatial predicates for determining interactions between geometry,
spatial operators for the regulation of gedspameasurement, spatial operators for the
regulation of the geospatial operationstré&e, index selectivity support, and for raster data, it

is PostGIS WKT Rastefhttps://www.opengeospatial.org/resource/products/details/?p@d=50
2019)

4.6. .NET Core

.NET Core represents a free and ogenrce cross computer framework and it can be used on
the Widnows, Linux, and macOS operating systéntips://dotnet.microsoft.com/download,
2017) This opersource computer framework is defined as a added platform to .NET
Framework (https://betanews.com/2019/05/07/funafedotnet/, 2019) The .NET Core
supports @ and B and it supports but just partially VisuBhsic .NET.
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Microsoft has developed the project called .NET Core but under the MIT license has released
(https://github.com/dotnet/core/blob/master/LICENSE.TXT, 2018)

Finally, the platforms which support .NET Core are ABPT Core web apps, commaiide

apps. Libraries, and Universal Windows Platform apps.

4.7 The Hypertext Markup Language (HTML) and Cascading Style Sheets (CSS)

The HTML (Hypertext Markup Language) and CSS (Cascading Style Sheets) are fundamental
techndogies for creating Web pages. They are not programming languages; they represent
page structure and style. The HTML presents the structure of the page and CSS provides the
visual layout for different devices. If we consider graphics and scripting, tivese
technologies are fundamental for creating Web pages and Web Applications. The HTML
describes the structure of the Web pages, as was previously mentioned. The authors who are
creating Web pages can publish online documents with their attributeshypigext links at

the click on the button can retrieve online information and include video and sound clips
directly in their documents. The HTML is very convenient to add headings, make lists, create
unique characters, insert images, create tables, anmdany more
(https://blog.hubspot.com/marketing/wdbsignhtml-cssjavascript, 2019)

The CSS is short frorG@ascading Style Sheetsnd this programming language decides how

the elements of the HTML on the website should apgeaan be said that the HTML gives a

basic structure of the website, and CSS gives the entire website its style.

Furthermore, CSS is significant because it affects the entire look of the webpage, and it is a
potent tool. Separation of the HTML and £3nakes it easier to share style sheets and tailor
pages for different environments. However, CSS is independent of HaMLit can be used

with any XML languagéhttps://www.w3.org/standards/webdesign/htmlcss.html, 2019)

5. Experimental Research
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This experimental resech is based ofNSPIRE directive data specifications. The input for
creating a UML ZTD model was a ZTD_estimation.TRP file. This file has been processed in
the Bernese software and has the input paramefgich have been defined by the software

and these parameters are apriori model gradient model, mapping function, min Elevation and
tabular interval from and to. The explanation of these input parameters in the Bernese software
will be given in Chapter 6. Furthermore, the output parameters of the software were
correction, correction East, correction North, correction Sigma, model, sigma East, sigma
North.

Based on these parametenhich are held in ZTD_estimation.TRP file was created a ZTD
UML model whichis based on the INSPIRE Data Specification. For the creation of the ZTD
UML model Enterprise Architect (EA) has been used. During the creation of the ZTD UML
model, there was the overlap of the two themes of the INSPIRE and these themes are Geology
(subtheme Geophysics) and Atmospheric Conditions.

On the other hand, it has been created a web application of the mini GIS system. It has been
developed as a software system for showing observation figures. The database has been
created using PostgreSQL andsEsIS. In the backend of the web application, it was used a
framework ASP.NET Core, then data format JSON, web service RE®THTTP protocol.

For the frontend, it was used programming language JavaScript, markup language HTML and
styling language CSS.uRhermore, because of the flexibility, it was used Google Maps, and
vector layers are overlays which are placed on top of the Google Maps raster. Additionally,

the implementation of the ZTD web application will be discussed in Chapter 7.

6. The UML ZTD (Zenith Tropospheric Delay) model

6.1. Introduction

In this chapter, it will be explained the whole procedure for creating a ZTD UML model
which is based on the INSPIRE standards. The input for creating a ZTD UML model was a
ZTD_estimation. TRP file. This file has been output from the Bernese softwiieh is used

for the analging network to determine troposphere vapor from satellite @hfien
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measurements of ZT.DO he input and output parameters in the Bernese software on which is

based the ZTD UML model will be described in the following subchapters.

Additionally, the tool which has been used for creating the ZTD UML model is Enterprise
Architect (EA), which is also one of the tools suggested by the INSPIRE implementation

rules.

Finally, the ZTD UML model was createand during the creatiothe twothemes overlapped

the Atmospheric Conditions and Geology (dbhbme Geophysics). This model was suggested

as an extension of the Atmospheric Conditions application schema and also is based on the
Package for observations (this package extends ISO 1906 explanation of the proposed

ZTD UML model extension will be described in the details in the following subchapters.

6.2. Description of the Annex Il theme Geology and Annex Il theme Atmospheric
Conditions

In this experimental research, there is aartap between the two themes. These themes are in
the different Annexes of INSPIRE. &€itheme Geology is in Annex Il of the INSPIRE. This
theme has three sdbemes: Geology, Hydrology, and Geophysics. This research has been
used as a part of the UML mogdah application schema of the sthieme Geophysics.
Furthermore, it will be explained what means the term Geophysical Station and also how it is
presented in an application schema of the Geophysietheufe. By the terms and definitions

in INSPIRE (https://inspire.ec.europa.eu/file/1519, 2013, p.t® Geophysical Station
represents geophysical measurememthich is referenced in space to a single point location.

In the following Figure 6.1. is presented UML clasggdsam of the Geophysics Measurement.

University of Miskolc 61



INSPIRE ZTD UML model and implementation of the web application based on the ZTD model

afeatureTypen
GeophObject

SF_SamplingFeature

«FeatureType»
spatialSamplingFeature::

SF_SpatialSamplingFeature

+  positionalAccuracy: DQ_PositionalAccuracy [0..2]

+ citation: DocumentCitation

+ inspireld: Identifier

+ projectedGeometry: GM_Object [1..%]
avoidablexs

+ distributioninfo: MD_Distributor

+ largerwork: Identifier [1..%]

+ verticalExtent: EX_VerticalExtent

constraints
{projectedGeometry must be GM_Point, GM_Curve or GM_Surface]|

|
afeatureTypen
GeophMeasurement

+ platformType: PlatformTypeValue
avoidable»

+ relatedModel: Identifier [1..%]

+ relatedNetwork: NetworkNameValue [1..%]

;

afeatureTypen
GeophStation

avoidables

+ stationType: StationTypeValue

+ stationRank: StationRankvalue [1..*]

constraints
{shape must be GM_Point}

«featureType» «featureTypen
GeophProfile GeophSwath
profileType: ProfileTypeValue | [+  swathType: SwathTypeValue
constraints constraints
{shape must be GM_Curve} {shape must be GM_Surface}

«codelList»
StationTypeValue

wcodeList»

StationRankValue ProfileTypeValue

«codelist»
SwathTypeValue

wcodeList»

wcodeList»

NetworkNameValue PlatformTypeValue

Figure 6.1. The UML class diagram of the Geophysics Measurement;

Additionally, in this UML class diagram, an essential feature type for this research is

GeophStation. The definition of the GeophStation is that stilseigeophysical measurement,

which is referenced in space to a single point location. They are used to collect data from a

single location, and the collected data are spatially referenced to a single point. The

GeophStation can be Gravity station, Magmetation and in this case, it is refed to as

groundbased GNS station. The UML application schema of the Atmospheric Conditions is

shown in Figure 6.2.
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«applicationSchema»
Base Types

E + Identifier

& + SpatialDataSet

& + voidReasonValue

E + ConditionOfFacilityValue
E + VerticalPositionValue

(from Base %\pes}

'
simport»
N\
\

«applicationSchema»

Obsarvarms Atmospheric Conditions and Meteorological Geographical Features

E + EU_AirQualityReferenceComponentValue
[E + GRIB_CodeTable4_2Value

£ + Observation References
£1 + Processes == ———
£ + Specialised Observations
£1 + Observable Properties

(from Base Models)

(from AC-MF)

Figure 6.2. The package structure of the Atmospheric Conditions
On the other hand, the therdgmospheric Conditions data specifications are based on the
Observation and Measurement conceptual model, which has been defined with 1SO
19156:2011 (https://inspire.ec.europa.eu/file/1532, 2013, p..2Iphe overview of tha

conceptual model of the Observations is shawhRigure 6.3.
+ definition: CharacterString Namedyals
+ memberName: LocalName

«FeatureType»
General Feature Instance::
GFl Feature +featureCfinterest -
e + name: GenericName
1
+ £
ﬁamplEdFEa:urEP 1~ [% mbsgmedpmpem‘h - value: Any

Intention Phengmenon

«metaclass»
General Feature I del::
GF_PropertyType

{root}

observation::

‘ «DataType» ‘

B \

«FeatureTypdisiatedosenation 3J

observation:OM_Observation |

samplingFeature:: parameter: NamedValue [0..%]

phenomenonTime: TM_Object

«FeatureType»
+
+
+ lineage: L_Lineage [0..1] 0*|+ resultQuality: DO_Element [0..*]
+ parameter: NamedValue [0..*] EelsrediamelneResmell Sy + resultTime: TM_Instant
- o

SF_SamplingFeature ‘ Design

0. validTime: TM_Period [0..1]

«FeatureType»
spatialSamplingFeature:: «type»
SF_SpatialSamplingFeature Platform = Records and Class
o+ «FeatureType» Metadata:Any
+hostedProcedurs obsarvatin T
% OM_Process

«FeatureType»
samplingSolid::
SF_SamplingSolid

«FeatureType» «FeatureType»
r E

samplingSurface::
SF_SamplingSurface

gPoint: plingCurve::

«FeatureType» ‘

SF_SamplingPoint SF_SamplingCurve
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Figure 63. The overview of the Observation concept;
Finally, the Observations package from the base model can import application schema for the
Specialised Observations and also import IBafnt Observationsvhich are from Specialised

Observations.

6.3. Input parameters from ZTD_estimation.TRP file

The input for creating the ZTD UML data model was ZTD_estimation.TRP file. This file was
the output of the processed data with Bernese aoftwas it was mentioned in the previous
subchaptersln the following Figure 6.4there is a ZTD_estimation.TRP file with its values
and input and output parameters.

EGO NRT ZTD estimation 18-SEP-14 82:230

A PRIORI MODEL: -15 MAPPING FUNCTION: 4 GRADIENT MODEL: 1 MIN. ELEVATION: 5  TABULAR INTERVAL: 18@e / 43200
STATION NAME FLG  YYYY MM DD HH MM S5 YYYY MM DD HH MM S5  MOD_ U CORR_U SIGMA U TOTAL_ U CORR_M SIGMA N CORR_E SIGMA E

ANKR 28305Me02
ANKR 2@885Ma02
ANKR 2@3@5Mee2
ANKR 28305Me02
ANKR 2@885Mae2
ANKR 288a5Ma02
ANKR 28305Me02
ANKR 2@885Mae2
ANKR 288a5Ma02
ANKR 28305Me02
ANKR 2@885Mae2
ANKR 2@885Ma82
ANKR 2@3@5Mee2
ANKR 2@885Mae2
ANKR 2@885Ma82
ANKR 2@3@5Mee2
ANKR 2@885Ma02
ANKR 2@885Ma82
ANKR 2@3@5Mee2
ANKR 20885Ma82
ANKR 2@885Ma82
ANKR 2@3@5Mee2
ANKR 28305Me02
ANKR 2@8a5Mae2
ANKR 2@3@5Mee2

2014 @9 17 14 ©0 ee
2014 09 17 14 30 e
2014 @9 17 15 @0 ee
2014 @9 17 15 30 ee
2014 09 17 16 ©0 ee
2014 089 17 16 30 @8
2014 @9 17 17 o0 ee
2014 09 17 17 30 ee
2014 89 17 18 06 ee
2014 @9 17 18 30 ee

.8534  ©.15193 ©.00134 2.20529 -0.00016 ©.00012 -
.8534 ©@.15725 ©.00089 2.21861 -0.00015 ©.00011 -
L8534 ©.155@5 @.00090 2.20841 -0.00014 ©.0001@ -
L8534 ©.15912 ©.00098 2.21248 -0.00012 ©.00009 -
.8534 ©.16490 ©.00G78 2.21826 -0.00011 ©.80089 -
.8534 ©.16662 ©.08095 2.21998 -0.00009 0.00008 -
L8534 ©.16420 ©.00077 2.21756 -0.00008 ©.00007 -
.8534 ©.15839 ©.@ees83 2.21175 -0.00006 ©.800a87 -
.8534 ©8.16271 ©.00078 2.21686 -0.00005 0.000806 -
L8534 ©.16071 ©.00087 2.21487 -0.00003 0.00006 -
2014 89 17 19 @e ee .8534 ©.16700 ©.00877 2.22036 -0.00002 ©.00006 -
2814 89 17 19 38 ee .8534 ©8.16450 ©.00083 2.21786 -0.00000 O.00006 -

2 .0088s 0.00009
2
2
2
2
2
2
2
2
2
2
2
2014 @9 17 20 ee ee 2.8534 ©.16999 @.00078 2.22335 0.€0001 ©.00005
2
2
2
2
2
2
2
2
2
2
2
2

.0eesl @.oee09
.00e73 0.e0008
.0ee66 0.e0007
.0eas8 a.eeea’
.0ea51 @.08006
.00043 0.00006
.0ea36 @.08006
.00828 0.080085
.00021 ©.80005
.0ee13 @.eeeas
.0ooe6 @.e8e05
.00002 0.00006
.008e9 8.0eee6
.0ee17 0.e8006
.00024 @.eeea7
.00832 0.08007
.00839 0.68008
.00047 ©.00008
.00854 8.08089
.0oe62 0.08010
.00060 ©.00008
.00059 0.e0010
.00e58 @.00014
.00e56 @.eee19

2014 89 17 2@ 30 ee .8534 ©.16858 9.00182 2.22194 0©.00003 ©.00006
.22269 ©.00004 0.00006
.22086 ©.00006 ©.00006
.21908 ©@.00007 @.eoea7
.21955 ©@.80009 @.ao0ea7
.22158 @.eeele @.oo0es
.22676 ©.00012 @.00809
.22585 ©.80013 o.o0009
.21867 @.600e59 @.00008
.21443  @.ee1e5 @.e0011
.21161 @.ee151 e.eeel?
.21831 @.ee197 @.ee022

2814 89 17 21 @e ee
2014 @9 17 21 36 ee
2014 89 17 22 @0 @0
2814 89 17 22 38 60
2014 @9 17 23 @0 ee
2014 89 17 23 30 e
2814 89 18 0@ @8 ee
2014 @9 18 @@ 30 ee
2014 @9 18 @1 o0 ee
2814 @9 18 @1 3e ee
2014 @9 18 @2 o0 ee

Figure 6.4. The ZTD_estimation.TRP file;

The input parameters and explanation of them in the Bernese software are the following:

.8534 8.16933 B.08081
L8534 ©.16750 @.008092
.8534 9.16564 B.00078
.8534 0.16620 8.080870
.08534 ©.16814 @.08067
.8534 ©8.17340 9.00034
.8534 8.17250 8.88039
L8534 ©.16531 @.0e81e5
L8534 ©.16167 8.00089
.@534 @.15825 @.eelel
.@8534  ©.16495 @.08143

Pl S R i i g i o SR R Il S
DO 000D DI DO®

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

1 A PRIORI MODEL: -15: The number-15 means that was used Saastamoinen
tropospheric model with Neil dry model. A PRIORI (Definiticghg Bernese software
has obtainedhe modeling of the tropospheric delayhich is calculated between the
satellite and the receiver. The user chooses a priori model; it can be NEIL or

DRY_NEIL. These models are dominated by the formula of the Saastamoinen in
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which one the a prioriropospheric path delay model is using pressure, temperature
and relative humidity surface observations. A priori model (input vatuesglitionally
derived from a standard atmospheric model.

1 MAPPING FUNCTION: 4:The number 4 meansWet Neil mapping faction, based
on the simple 1/sld Mapping function- Bernese software is usém check the
plausibility of the standard deviations.

1 GRADIENT MODEL: 1: The number 1 means Tilting. Definition: The way to
represent azimuthal asymmetries is a tilting of zkaith the mapping functioifhe
troposphere gradient parameters then comply with theéHatthe direction tthe se
called tropospheric zenith (i.e., the direction with minimal tropospheric delay)and the
corresponding tropospheric z#nidistancemight are not identical to the geometrical
(or ellipsoidal) zenith distances.

1 MIN. ELEVATION: 5: This is a cut off angle in degrees.

1 TABULAR INTERVAL: 1800/43200 means: It is for zenith parameters and gradient

parameters and it is calculated in seconds.

Additionally, another dathas been calculated on the base of the input parameters and they are
structured in the groups of 12.5 hours for the period of 49 stations. The measurements from
each station hee 11 attributes and according to the ZTD_estimation.TiRRhey are:

Station name with a cogde.g. ANKR 20805M02

Flag of status (operating, notoperating. A

Date (year, month,day, hour, min, sec) e.g. 2009 09 17 13 00 00

Model value e.g.,2.034
Correction e.g. 0.15197
Correction Standard dev. e.g., 0.00154
Total (Model+Correction) e.g. 2.20533
NorthCorrection e.g. 0.00005
North Sandard dev. .,€@0012
EastCorrection e.g. 0.00085

East Standard deviatigng., 0.00009
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This will make 11 Time Serigand eah of them contains 25 data because the samples (taken
each second) are engged for 30 minutes periods. The INSPIRE ZTD UML model will be
elaborated for one group, and obvioyshycase the data fdr2.5 hoursf 49 stations will be
stored in 49 identicdNSPIRE ZTD UML model.

6.4. INSPIRE ZTD UML data model

The proposition of the extension INSPIRE ZTD UML data model was based on the part of the
application schema of the Geophysics (this is a subtheme of the Geology) and application
schema Atmospheric ddditions which are based on the Observations. In the package
structure AGMF, it has been imported an application schema ZTD ObservationaV(RC

from the ZTD model. The proposed application schema ZTD ObservationM@A® shown

in the following Figures.5.

«applicationSchema»
Base Types

= + Identifier
E + SpatialDataSet
E + VoidReasonValue
2 + ConditionOfFacilityValue
B + VerticalPositionValue
(from g&se Types)
I\,
-l'rrpc:'tx

\

«applicationSchema»
Atmospheric Conditions and Meteorological Geographical Features

Observations

— B + Eu_airQualityReferenceComponentValue
151 <+ ezl FetEene=s E + GRIB_CodeTabled_2Vvalue

£3 + Processes *C—I;r;o_; = - -

£ + Specialised Observations
£ + Observable Properties

(from Bas'r? Maodels)
I

(from AC-MF)
wimports
]

WV

«leafn
Point Observations

«applicationSchema»
B + PointObservation ZTD Observations (AC-MF)

B + MultiPointObservation === . .
B + PointTimeSeriesObservation e B+ R el e rion

B + PointObservationCollection B + ZTD_PointTimeSeriesObservation
B + ZTD_GeophStation

(from ZTD Model)

(from Specialised Observations)
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Figure 6.5. The package structure of the application schema ZTD Observatievi§(AC

The Observation package is imported from the base naai@lthe leaf Point Observations are
from the Specialised Observations as it was previously mentioned, but it will be used
PointTimeSeriesObservation because it is an observation that represents-serigse

measurement of a property at the fixed locatiothe space and time.

Furthermore, there are made three classes for the ZTD ObservatioABIKAGke the
proposition of extension of the modaind they are extensions of thecigixg classes. Each

class that has been made will be described. The first performed class for the creation of the
model is ZTD_GeophStation. It has been shawhigure 6.6.

ufeatureTypes
fTD_GeophStation

+ stationCode: CharacterString
+ stationFlag: CharacterString
+ stationName: CharacterString

Figure 6.6. The first created class ZTD_GeophStation;

The first class, ZTD_Geoph$Sian, was made based on the GeophStation from the application
schema of the Geophysics, under the package GeophMeasurement. The definition of the
ZTD_GeophStatiorfs that a single geophysical measurement station where ZTD measurement
is made. So, this claglescribes the station, and in this case,aigioundbased GNSS station

with uniqueattributes like a code (20805M02), flag (A) and name (ANKR).

The second extended classZ$¥D_PointTimeSeriesObservatioand the definition of this

class is that thaingle station generated ZTD measurement sampleh are taken each
second, averaged per period of 30 minutes. Figure 6.7. has been shown extended class

ZTD_PointTimeSeriesObservation
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Figure 6.7. The second created cl&$®_PointTimeSeriesObservatip

In the second class, there are all attributes of the measured ZTD estimation from the.TRP file.
The extended third class is ZTD_ObservationCollection. This class is ded;adZTD
measurement collection based on specified process parameters. tBodthass is showm

Figure 6.8.

Figure 6.8. The third created class ZTD_ObservationCollection;
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