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SUMMARY 

Differences in contents of geomatics and geoinformatics as they are evident in the present situation in the Czech Republic. Partial intersection of them and informatics in generality is illustrated and analysis of recent curricula for geomatics and geoinformatics at the Czech universities and especially at the University of West Bohemia in Pilsen, respecting developing trends of geosciences at the beginning of 21st century, is presented in this paper.

1. GEOMATICS AND GEOINFORMATICS

Spectacular progress in electronics and computer science brought revolutionary changes of scientific and technical disciplines, as e.g. geodesy, cartography, photogrammetry, cadastral and topographic mapping, in the last 25 years. They influenced substantially the style of surveyor´s activities. Traditional tools for his work – survey tape, stakes, theodolite and paper maps have been replaced by new and powerful tools – electronic tacheometry, Global Positioning System, LIDAR, digital photogrammetry, digital cartography and geographic information systems. To-day´s primary products of surveying and mapping are digital databases of geospatial information which can be analyzed, modelled and integrated with other kind of information and  presented to the user in digital or graphical form tailored to his specific demands [1]. To-day´s surveyor or cartographer cannot live in close shells of individual disciplines (applied or physical geodesy, topography, photogrammetry, cartography). His profession must become an integrated profession called in many countries geomatics or geospatial information engineering [2].

Even if  this term is mixed up with the term geoinformatics in most Central- and East European countries there is a certain difference in contents what will be evident when comparing curricula for both disciplines at some Czech universities or some official definitions. According to ISO Standard 19122 „geomatics is a discipline concerned with the collection, distribution, storage, analysis, processing, presentation of geographic data or geographic information“. Its range is perfectly described by activities of the Geomatics Canada: „establishing and maintainance of national spatial reference system, preparing, publishing and distributing of state topographical maps, aeronautical charts, aerial photographs and gazetteers, surveys on state boundaries, property surveys on federal lands, maintainance of national bases of geographic data for the development of geographical information systems“. It is in conformity with the definition of geomatics presented at the University in Calgary (Canada): „ Geomatics Engineering is a modern discipline, which integrates acquisition, modelling, analysis and management of spatially referenced data, i.e. data identified according to their locations. Based on the scientific framework of geodesy, it uses terrestrial, marine, airborne, and satellite-based sensors to acquire spatial and other data. It includes the process of transforming spatially referenced data from different sources into common information systems with well-defined accuracy characteristics“ [3].

There is no oficial definition of geoinformatics in ISO Standards. One of the best was  published by Dietmar Grünreich, president of the Federal Agency for Cartography and Geodesy in Frankfurt (Main): “geoinformatics is a discipline concerned with theory of geospatial data modelling, their storage, management and processing as well as with development of geographic information systems and necessary information and communication technology“[4]. Another pertinent definition can be found in the Wikipedia encyclopedia [5]: „ Geoinformatics is a science which develops and uses information science infrastructure to address the problems of geosciences and related branches of engineering. The three main tasks of geoinformatics are:
· development and management of databases of geodata
· analysis and modelling of geodata
· development and integration of computer tools and software for the first two tasks.“

2. INTERSECTION OF GEOMATICS, GEOINFORMATICS AND INFORMATICS

Certain difference in contents of geomatics and geoinformatics as well as the necessity of partial intersection of them and informatics in generality is evident in the present situation in the Czech Republic (see Fig. 1).  The main task of disciplines associated in geomatics is the acquisition, storing, processing and delivering of fundamental geospatial data and their attributes with required accuracy and relevance. Such data fill up special information systems (e.g. Cadastral Information System) or databases (e.g. of fundamental horizontal and vertical control, Fundamenal Base of Geographic Data ZABAGED and others). Technical means belonging to geoinformatics (e.g. databases, GIS and the means for data interpretation) as well as to general informatics (e.g. hardware, software and telecommunication networks) are necessary for storing, processing and distribution of fundamental geospatial data.
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Fig. 1 The present situation in the Czech Republic
Typical room for geoinformatics is filling up the thematic databases which cannot avoid the knowledge of datums and mapping projections as well acquisition of additional geospatial data and attributes using frequently the GPS and remote sensing technologies. Special roles of geoinformatics are analysis and synthesis of geospatial data with the use of GIS technology which facilitate high-quality cognition and sound political, economic and ecological decision-making on development of a territory. Another important component of geoinformatics is visualisation of geospatial data – not only by means of traditional cartographic methods -  but using modern sophistical technologies (e.g. 3D terrain models, modelling of objects on their surface, scene animation, virtual reality). Geographic information science borrow from the information theory regarding to modelling and representation of spatial objects and management of database systems.

3. DEVELOPING TRENDS AT THE BEGINNING OF 21st CENTURY

In the next 10 years a general harmonization of political and legal environment in the European Union is expected. It enables to create the European geoinformation infrastructure which will be characterized by horizontal interoperability of national geographic databases and by hierarchical interoperability from the level of Land information systems up to national, continental and global geographic databases. Geodata will be generally accessible (e.g. through EU-Geoportal), cross-border geodata exchange will be obvious.

Development of e-cadastre of real estates will lead up to the sole information system which will register both ownership rights to real estates inclusive their restrictions, and technical data on owners, lands, buildings and flats. 3-D cadastre will also register and represent underground- and overhead objects of real estate character and locate them in national (later in European) coordinate reference system. Maintenance of national cadastral information systems  will be centralized, but on contrary, data distribution to users will be spread into information kiosks of local administration. European Land Information Service (EULIS) will provide the electronic interface which enables the access to national cadastral information systems in Europe. Costs of their services will be fully covered with revenues coming from the fees.

Private surveyors (geomaticians) will be forced to provide the clients with complex services inclusive real estate evaluation and sale. Many stereotype surveying operations will be enough automated so that they will be carried out by people without professional education. As an example the application of robotized total stations for detailed surveys or the system of terrestrial laser scanning for surveying of buildings, streets, industrial objects, engineering constructions and underground objects may be introduced. Surveying and mapping will lead up to the integration of more scientific and technical disciplines (as geomatics or geospatial information engineering).

In photogrammetry the transformation of photography into digital image recording will be finalized. The price of large-format digital aerial cameras will be comparable with contemporary film cameras if not cheaper. Spatial position of individual digital images will be derived from directly measured elements of exterior orientation furnished by GPS and inertial measuring unit during the survey flight. Airborne multispectral digital images will be frequently used to various thematic applications. An airborne laser scanner (LIDAR) will beroutinely applied to modelling of terrain or surface relief and their temporal changes.

Development of physical geodesy will concentrate on improving the parameters of the Earth body and its gravity field as well as on precising the continental and national coordinate reference systems inclusive their temporal changes. Global positioning system will reach millimeter accuracy in geodetic kinematic applications, too. Dense network of permanent stations in individual countries, currently used by intellectual systems for navigation of persons, cars, ships and airplanes in the real time, will be their component. Temporal-space aspect will be typical for acquisition, processing and analysis of geospatial data.

Remote sensing technologies will utilize many small satellites providing multispectral digital images with large ammount of narrow visible, infrared and thermal wavebands. High resolution satellite digital images will replace to some extent aerial photogrammetry in the case of updating the topographic databases. The methods of automated recognition of spatial and qualitative changes during the time period of updating will be frequently used for this reason. Thanks to capacities and large field-of-view of remote sensing the whole Earth surface inclusive non-inhabited regions will be represented in the form of digital topographic databases at level of 1: 1 million, 1:250 thousand and even 1: 50 thousand mapping by the year 2025.

Cartography will be significantly influenced by the development of information technologies. It seems that it will be above all a service for cartographic visualisation  of geospatial data processed by GIS technologies. The map in paper form  will not loose its significance entirely but it will be one of tools for education, free time activities and common military purposes only. Other more frequent forms will be electronic maps and atlases, 3D models of landscape, animations, virtual models and intellectual geoimages of multimedia character. Internet will facilitate quick access to cartographic products and it becomes a global geoinformation system. Abandonment of cartographic know-how when creating the GIS software by IT- people only (e.g. principles of cartographic generalization, application of sofisticate map language) could lead up to distribution and using the impressive and quick working software but not always giving meaningful outputs.

Analysis of future trends and applications of geosciences which are tied in with geomatics and geoinformatics illustrates how deep will be changed the profession of today´s surveyor and cartographer in coming information age. Focus of their activities will transfer from labour-intensive acquisition of geospatial data to their processing, maintainance and presentation for the needs of scienfitic, administrative, legal and technical operations. The curricula for geomatics and geoinformatics should reflect above mentioned trends [6].

4. PROJECTION OF NEW TRENDS INTO CURRICULA FOR GEOMATICS AND GEINFORMATICS AT THE UNIVERSITY OF WEST BOHEMIA IN PILSEN

Modern conception of geomatics was accepted by the University of West Bohemia in Pilsen as early as 1995 and projected into curricula for B.Sc., M.Sc., and Ph.D. studies of geomatics. Other universities in the Czech Republic follow more or less the objectives of geoinformatics described by Dietmar Grünreich. Because of a great demand for skilled technicians in geoinformatics the B.Sc. - curricula for geoinformatics is being accreditated at the University of West Bohemia in Pilsen in 2007. Composition of aboved mentioned curricula (see Table 1 and 2) is based on profound analysis of future trends and applications of geosciences which are tied in with geomatics and geoinformatics. Future legal and political environment in Europe that can influence substantionally the level of global, European and national infrastructure of geospatial data has been also taken into consideration.

Table 1 a): B.Sc. - curriculum for geomatics (3 years). The overview does not contain subjects of general fundamentals (mathematics, physics, statistics, etc.).

	Subject
	Year/Term
	Lecture + Seminar

	Mathematical cartography I
	2/ WT
	2 + 2

	Geodesy I, II
	2/ WT + 2/ ST
	3 + 2

	Topographic mapping
	2/ ST
	2 + 2

	Introduction to GIS
	2/ ST
	2 + 1

	Civil material law
	2/ ST
	2 + 0

	Land law
	2/ ST
	2 + 2

	Geodetical methods of adjustment
	3/ WT
	2 + 1

	Cadastre of real estates
	3/ WT
	2 + 2

	Programming techniques
	3/ WT
	3 + 2

	Thematic cartography
	3/ WT
	2 + 1

	Large scale mapping
	3/ WT
	2 + 0

	Automation of geodetical computations
	3/ WT + 3/ ST
	2 + 2

	Photogrammetry
	3/ ST
	2 + 2

	Differential geometry
	3/ ST
	2 + 2


Table 1 b): M.Sc. - curriculum for geomatics (+ 2 years). 
	Subject
	Year/Term
	Lecture + Seminar

	Physical geodesy
	1/ WT
	2 + 2

	Earth remote sensing
	1/ WT
	2 + 2

	GIS in human geography
	1/ WT
	1 + 2

	Algorithms of space analyses
	1/ WT
	1 + 2

	Theory of GIS generation
	1/ WT
	3 + 2

	Database systems I
	1/ WT
	3 + 2

	Cartographic reproduction and polygraphy
	1/ WT
	2 + 2

	Global positioning systems
	1/ ST
	2 + 0

	Database systems II
	1/ ST
	3 + 2

	Geometric and computer modelling
	1/ ST
	3 + 2

	GIS in physical geography
	1/ ST
	1 + 2

	GIS applications
	1/ ST
	1 + 2

	Database systems for GIS
	1/ ST
	2 + 2

	Mathematical cartography II
	1/ ST
	2 + 2

	Administrative law
	2/ WT
	2 + 0

	Algorithms of computer graphics
	2/ WT
	3 + 2

	Computer cartography
	2/ WT
	1 + 2

	Data visualisation
	2/ ST
	3 + 2

	Digital image processing
	2/ ST
	3 + 2

	Satellite geodesy
	2/ ST
	3 + 2

	Theory of law
	1/WT + 1/ST + 2/WT + 2/ST
	2 + 2


Table 2: Comparison of B.Sc. - curriculum for geomatics with proposed B.Sc. - curriculum for geoinformatics. The overview does not contain subjects of general fundamentals (mathematics, physics, statistics, etc.).
	Geomatics
	Geoinformatics

	Mathematical cartography I
	Introduction to geomatics

	Geodesy I, II 
	Geodesy I, II                                               

	Topographic mapping
	Terminology and standardization in geoinformatics

	Introduction to GIS
	Introduction to GIS

	Civil material law
	Modern methods of geodata acquisition

	Land law
	Cartographic visualisation of geoinformation

	Geodetical methods of adjustment
	Information technologies for geographic data

	Cadastre of real estates
	Methods of topographic and large scale thematic mapping

	Programming techniques
	Programming techniques

	Thematic cartography
	Thematic cartography

	Automation of geodetical computations
	Computer cartography      

	Large scale mapping
	Spatial databases

	Photogrammetry
	Programming of internet applications

	Differential geometry
	Computer networks                            


Bachelor study programme Geomatics has two main objectives:
1) to prepare the graduate for continuing in master study at the Faculty of Applied Sciences or for similar study programme at other Czech university or abroad,
2) to prepare the graduate for practically oriented professional activities particularly in the field of
· acquisition and processing of geospatial data
· filling up the geospatial data funds and their updating
· maintenance of cadastre of real estates
· surveying for land consolidation projects
· land evaluation and real estate market

Bachelor study programme Geomatics requires three-year study concluded by the state examination and viva voce of a bachelor project in the study field „Geodesy, Cadastre of Real Estates and Civil Material Law“.

The purpose of master study programme Geomatics is to prepare engineers capable to manage challenging work in geodesy, photogrammetry, remote sensing, cartography and cadastre of real estates using modern means of information technologies. The study programme is primarily guaranteed by the Faculty of Applied Sciences (departments of mathematics, informatics and computer science) but legal subjects are being taught at the Faculty of Law. Home environment for the section of Geomatics, which is the guarantor of the above mentioned study programme, has been found within the Department of Mathematics. This department ensures teaching of all advanced mathematical disciplines as e.g. differential geometry, geometrical and computer modelling, ordinary and partial differential equations inclusive of guiding the disserations focused on mathematical and geometrical problems.

Master study programme Geomatics requires five-year study concluded by the state examination and viva voce of a dissertation in the study fields „Geodesy and Geographic Information Systems“, „Cartography“ or „Cadastre of Real Estates and Civil Law“.

The average annual number of graduates in Geomatics at the University of West Bohemia in Pilsen is up to 20 masters and 30 bachelors. Thanks to their good knowledge of geoinformation technologies almost all of them find the adequate job in the state sector of surveying, mapping and cadastre, in bodies of public administration or in private land surveying firms.

The newly introduced bachelor study programme Geoinformatics has two main objectives:

1) management and distribution of geospatial data and services in the environment of distributed processing,
2) application of geoinformation technologies.

That is why the bachelor study programme will be focused on 
· practical knowledge of basic standards of geographic information (ISO, OGC, OASIS, W3C, ČSN EN, ČSN)
· metadata systems
· overview of existing geospatial databases and their usability
· general knowledge of geodata acquisition
· detailed knowledge of geodata processing
· managing and delivery of  volumenous geodata sets
· web services and web servers (geoportals) for geodata distribution.

Graduates of the bachelor study programme Geoinformatics will find the job in the public administration bodies (e.g. regional, town and municipality offices), in private firms developing GIS and web applications of geoinformation,  eventually in the crisis management as well.
REFERENCES

(1(    ZARZYCKI, G. J. M. (2001) From pens to digits and pixels. A overview of evolution  

        in photogrammetric mapping. In Prace Instytutu geodezji i kartografii. Warszawa: IGiK 

        2001. t. XLVIII, z. 104, s. 21 – 30.

(2(   TRINDER, J. – HAN, S. (1999) Impact of new technologies on geomatics. 

        Australian Surveyor 1999, No 1, p. 29 – 34.

[3]   http://www.geomatics.ucalgary.ca/whatisit/index.html 

(4(   HAKE, G. – GRÜNREICH, D. - LIQIU MENG (2002)  Kartographie. 8. Auflage.

        Berlin – New York: de Gruyter 2002. 604 p. ISBN 3-11-016404-3.

(5]   http://en.wikipedia.org/wiki/Geoinformatics
(6(   ŠÍMA, J. (2006)  Geomatika a geoinformatika v moderní informační společnosti. In

       Sborník přednášek 42. geodetické informační dny. Brno: Spolek zeměměřičů  2006.

BIOGRAPHICAL NOTES
Jiří ŠÍMA is a senior lecturer (Assoc. Prof.) at the University of West Bohemia in Pilsen.

In 1993-2001 he served as a president of the Czech Office for Surveying, Mapping and Cadastre. His fields of interest are photogrammetry, topographic mapping and standardization of the Czech terminology in geoinformatics.

CONTACTS
Doc. Ing. Jiří Šíma, CSc.

Západočeská univerzita v Plzni

Univerzitní 22

306 14 Plzeň

CZECH REPUBLIC

Tel. + 420 608 279 789

Fax + 420 377 632 602 

Email: simaj@kma.zcu.cz

Web site:  www.kma.zcu.cz

PAGE  
Scientia Est Potentia – Knowledge Is Power

FIG Commission 2 – Symposium 

Czech Technical University, Prague, Czech Republic, 7-9 June, 2007


