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1. INTRODUCTION

Global Geodetic Observation System (GGOS) is thienstic research project of the
International Association of Geodesy (IAG) andsitdsidiary bodies. This project comprises
research on numerous geophysical phenomena su@artdxjuakes, floods and volcanic
eruptions. The project consists of three main ysilla

- geometry and kinematics;

- rotation of the Earth;

- Earth's gravitational field.
These three pillars are linked together and witefarence frame. This dependence is shown
in Figure 1. There are many relationships and tyelsabetween the pillars.
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Fig. 1. GGOS pillars.

Each pillar of GGOS concerns a considerable nurobenutually related entities such as
different objects, processes, phenomena, as welthasries, methods, algorithms and
observational data, and also investigators, arslgst.
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Information on the state and behavior of instanckshese entities, in the form of their
attribute values and relationships, is the basal gad result of the investigations and should
be available for any further analyses and integpiets in different forms, planning new
experiments, development of theories. Proper ctamgiy, integration and coordination of
projects and interoperability of participants ammanded. All these things encompass a
specific information structure of GGOS, which inalked detection and description, such as
(Drewes, 2005), (Rothacher, 2005), (Neilan et20Q5) and (Plag et al., 2006), is necessary
for effective realization of the project in manypasts. Therefore, the purpose of this case
study is presenting an overall conceptual modektmh structures, both as to its content and
description formalism.

The authors’ concept of GGOS information structsrehown in Fig. 2, with the use of the
Unified Modeling Language (UML). UML is widely usetoh conceptual modeling of
information systems and its comprehensive present& given among others in (Booch et
al., 2002).
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Fig. 2. GGOS packages.

2. REFERENCE SYSTEMS AND FRAMES

Reference system is a set of theoretical defirstimmd model descriptions, which are required
to define, among the others, the scale, origin@rehtation of axes of the coordinate system
used. There are celestial and terrestrial referegseems. The celestial reference systems are
used for extraterrestrial features which set thexige location of the axis of rotation of the
Earth. The terrestrial reference system is relatedhis axis. The terrestrial and celestial
reference frame are presented in details byigki(2004).

The present Conventional Celestial Reference Sy$@BRS) adopted by the IAU is the
International Celestial Reference System (ICRS).
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This system is realised as International CeleR&krence Frame (ICRF) through Very Long
Baseline Interferometry (VLBI) measurements to ayélactic objects and as such is
maintained by the International Earth Rotation &elerence Systems Service (IERS). The
observations made with the HIPPARCOS satellitepsital wavelengths allow to materialize
ICRS through the HIPPARCOS celestial frame (Fig. 3)

Quite similarly, the present Conventional TerredtReference System (CTRS) accepted by
the International Union of Geodesy and Geophydid§&G) is the International Terrestrial
Reference System (ITRS), which is realised thranggrnational Terrestrial Reference Frame
(ITRF). ITRF is maintained by space and terrestriahsurement techniques. The mass centre
of the Earth is the origin of CTRS coordinates.

ITRF is defined through many solutions related tarious epochs (ITRF88, ITRF89,
ITRF2000). Individual solutions are developed om tmasis of the VLBI, Lunar Laser
Ranging (LLR), Satellite Laser Ranging (SLR), Glolositioning System (GPS) and
Doppler Orbit Determination and Radiopositioningtefyrated on Satellite (DORIS)
observation techniques. The above definitions aadngles of the systems are taken from the
IERS Conventions (2003).

Both ITRF and ICRF are important in determining Eerth Orientation Parameters (EOP),
which consist of the x and y coordinates of thetlitaole, the data on precession and
nutation, and the difference of time UT1 - UTC.

The reference system consists of a reference fi@am) and a coordinate system. The
reference frame is defined through a network otimsta, which positions in a given
coordinate system come from observations (classB@um, from 1SO19111). The system
of coordinates (class CS_CoordinateSystem, from [®011) is defined as a function
assigning an ordered set of numbers (coordinadem)y given point in space, (Fig. 4, 5).
Single Coordinate Reference System (CRS) considteeadatum and the coordinate system.
As datums there are particular ITRF, ICRF and Hipps frames. Among different reference
systems, the geodetic systems (class CS_Geodet)cGRE8 temporal ones (class
TM_TemporalCRS) are very important for GGOS.
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Fig. 3. Reference systems and frames.

The practical realization of the reference system #ame is datum, as shown on Fig. 6. The
parameter values for the origin, scale and orientaif datum, are derived from observations.
Datum has a number of attributes:

- anchor (secondary), which describe how a strinchafacters;

- realization epoch, which is the date on which thtdhas been set;

- domain of validity, given the scope of applicalilit

- scope.
Datum may have many subtypes such as vertical dangineering datum, image datum and
geodetic datum, which may be used in particularasof GGOS.
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Fig. 4. Coordinate reference system (ISO 191117).
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Fig. 5 Coordinate system in UML class diag..

+a:-=is,: + maximumValue[0..1] : Number
1.*" | + rangeMeaning[0..1] : CS_RangeMeaning
ordered

+ axisAbbrev : CharacterString

+ axisDirection ; CS_AxisDireclion
+ axisUnit!D : UnitOfMeasure

+ minimumValue[0.,1] ; Number
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Fig. 6. Datum in UML.
3. MODEL OF THEGRAVITY FIELD

Gravity field is an important pillawithin the GGOS. Geoid, the gravity anomalies, dewvnst
of vertical and other functiss of the gravity fieldare key figures for the global geode
reference system used in the practical measurer Earth's gravity field ctnges not only in
spacebut also in time. Any change in the distributionanf masses, masses of water in
oceans, as well as masses of groundwater in the'€arterior lead to shc term, seasonal,
annual and centurialariatiors in the gravity fied and the associated changethe geoid.
The global models of th&arth's gravity fieldboegan withthe era of satellite observatio
which allowed for determining global reference ey. A conceptual model of gravity
shown on Fig. 7. The clasaravityField may have the followingttribute: (not shown on the
figure):
- value of the normgbotentia;
- value of the disturing potential
- vector ofacceleration force of gravit
- value of the deviatio of vertical in a given point.
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4. GEODETIC OBSERVATION TECHNIQUES

Geodetic observation techniques can be divided sgace observation techniques and
terrestrial observation techniques. Space techeiqueude: VLBI, satellite altimetry, SLR,
Global Navigation Satellite Systems (GNSS), Intenfieetric Synthetic Aperture Radar
(InSAR), LLR, and gravimetric missions like CHAMRGRACE, GOCE, observation

satellites in orbit, SST, DORIS.

Techniques, which are related to the ground, aecktare directly related to the effects of the
Earth's gravity field, include gravimetric measuesns (absolute and relative, air borne and
sea borne), leveling, astrometry, and tide gaughsir classification in terms of UML is

shown on Fig. 8.

Fig. 7. Model of gravity field.
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Fig. 8. Types of observation techniques.
5. GEOID MODELING

The example of geoid modeling is presented in BigGeoid, which is a zero-surface of
constant potential, can be derived from the geapiailemodel. The shape of the geoid
depends on the gravity field, which changes cotigtan time. The gravity field model
includes geoid undulations which are derived frdva orthometric and ellipsoidal heights.
Ellipsoidal heights depend on ellipsoid. Graviteldi is defined by space observation
techniques. A wide range of satellite and spacecaseasurements define the system of
ICRF and ITRF. ICRF system is associated with Steoanetry measurement. ITRF system is
associated with reference ellipsoid, in which we sat the normal to ellipsoid and ellipsoidal
height. There is the angle between normal to @igpsand normal to geoid called the
deflection of the plumb line or of the verical. Betion of the plumb line can be derived
from astrometry measurements. Gravity field is aldefined by gravimetric ground
measurements. High precision levelling, which igried out to determine orthometric
heights, is also in relationship to the field chgty.
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Fig. 9. Model of geoid.
6. CONCLUSIONS

Recognition, description and development of GGO&ildel information structure is of
crucial importance for proper processing and imtgiion of data, as well as fptanning
new experiments and missions. Means, such as UML, geoeomputerized and integrated
analyses of data and coordinated management ampe rEion.

The presented here UML diagrams, relevant to thiehEgavity field only, give just a general
picture of a part of the problem, without any iriten to give a final solution of the problem.
So, any required more extensive and detailed eddioor of the model of the GGOS
information system should follow the frame outlinedFig. 2 and include contributions of
specialists from a number of corresponding branches

BIBLIOGRAPHY

1. Booch G., Rumbaugh J., Jacobson I. — ,UML przewkdnytkownika” WNT, Warszawa
2002.

2. Cairns (2007) — “IAG Dynamic Planet Conference”.ir@® Far North Queensland,
Australia, August 24, 2005, http://www.ggos.org/.

3. Drewes H. et al. (2006) — “Inconsistencies in gé&cdeoncepts, models and analyses at

the 0.1 ppb level” in (Munich, 2006).

Drewes H. (2005) — “GGOS Science Rationale”, inifi@&a 2005).

ISO 19103 (2005) — “Geographic information - Corta@pschema language”.

a s



-70 -

ISO 19108 (2002) — “Geographic information - Tengh@chema”.

ISO 19109 (2005) — “Geographic information - Rul@sapplication schema”.

ISO 19111 (2007) — “Geographic information - Sdatd#erencing by coordinates”.

. 1SO 19113 (2002) — “Geographic information - Quafitinciples”.

10.1SO 19115 (2003) — “Geographic information — Metatla

11.1SO 19116 (2004) — “Geographic information — Posiiing”.

12.Krynski J. (2004) — “Nowe obowkujace niebieskie i ziemskie systemy i uktlady
odniesienia oraz ich wzajemne relacje” IGIK, Warga®004.

13.Munich (2006) — The Global Geodetic Observing Systé&/orkshop 2006, Munich,
Germany, October 8-9, 2006, http://geodesy.unrggghs/ggosws_2006/.

14.Neilan et al. (2005) — “Integrated Data and Infotiora System for the Global Geodetic
Observing System”, in (Cairns, 2005).

15.Plag H.-P. (2005) — “GGOS and its User requiremdunitkage and Outreach”, in (Cairns,
2005).

16.Plag H.-P. (2006) — “The Global Geodetic Obsen@ygtem: Meeting the Requirements
of a Global Society on a Changing Planet in 2020{Munich, 2006).

17.Plag H.P., Pearlman M. (2008) — “The Global Gead€&bserving System: Meeting the
Requirements of a Global Society on a Changing e€®lan 2020". The Reference
Document (V0.18).

18.Rothacher M. (2005) — “Role of the Existing IAG Bees for GGOS”, in (Cairns, 2005).

19.Tapley B. and Ries J. (2005) — “Contributions ob@esy to Oceanography”, in (Cairns,
2005).

20.IERS Conventions (2003):

http://www.iers.org/documents/publications/tn/tnB32_021.pdf.

©oNO



